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Section1 - Binary Search Trees

The Dictionary Problem
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Adapted from UBC DSCI 221 (n.d.), The Dictionary Problem.
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Adapted from UBC DSCI 221 (n.d.), The Dictionary Problem.
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Adapted from Downey (2021), Linear Search.
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0|Z! EtM(binary search)

2 vl 720 3ot blme) 2 B 7712 WutoR Fols ermelFolct. e
Jtrof elstel 5l =2 FHOF S92 O(n)olct.
l 17 l2{? 26 l 3l 44 | 54 | 55 l 65 | 77 | 93

EfMS O

545 2 W 7H20| 4401 M A6l 655 A 540] E=Ct. Hlug

Source: Miller and Ranum (2013), The Binary Search, Figure 3.
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Adapted from Morin (2013), Chapter 5.
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Source: Morin (2013), Figure 6.5.
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Adapted from UBC DSCI 221 (n.d.), The Dictionary Problem, and Morin (2013), Section 6.2.4.
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The Dictionary Problem
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Section2 « Binary Search Trees

The Ordering Invariant
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Source: Morin (2013), Section 6.2.
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Adapted from Morin (2013), Section 6.2.
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Source: Morin (2013), Figure 6.5.
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512 IS W 2LHH =213 A = At

def is_bst(node, low, high):
if node is None:
return True
if not (low < node.key < high):
return False
return (is_bst(node.left, low, node.key)
and is_bst(node.right, node.key, high))

is_bst(root, float("-inf"), float("inf"))
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Adapted from Morin (2013), Section 6.2.

DS3600082-140 - Xt27E

15/44



o
I
|
0%

>
mjo
2
A
0
ro
n

4 #2 IS CIA| 4eH

Map 24 7|1& 719| gts 4l
=258 YA ot o] et oHRol| HHX|
BinarySearchTree 71E U A

B2 %/2] F40| QOB 22 YRHORE MZ CIZ X7} BSOIH 4 ALk

Adapted from Miller and Ranum (2013), Search Tree Implementation.
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Adapted from Miller and Ranum (2013), Search Tree Implementation.
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Adapted from Morin (2013), Section 6.2.
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Adapted from Morin (2013), Section 6.2.1.
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Adapted from Morin (2013), Section 6.2.
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Checkpoint
The Ordering Invariant
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Section 3 . Binary Search Trees

The Search Path
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Source: Morin (2013), Section 6.2.1.
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Source: Morin (2013), Section 6.2.1.
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Adapted from Morin (2013), Figure 6.6.
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Adapted from Morin (2013), Figure 6.6(a).
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Adapted from Morin (2013), Section 6.2.1.
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Adapted from Morin (2013), Figure 6.6(b).
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Adapted from Morin (2013), Sections 6.2.1 and 6.2.2.
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Adapted from Morin (2013), Section 6.2.1.
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def find(root, key):
node = root
while node is not None:
if key < node.key: node = node.left
elif key > node.key: node = node.right
else: return node

return None

Adapted from Morin (2013), Section 6.2.1.
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Adapted from Morin (2013), Sections 6.2.1 and 6.2.4.
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The Search Path
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Section4 - Binary Search Trees

Search in Python
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Adapted from Miller and Ranum (2013), Search Tree Implementation.
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TreeNode= 4| 2HEE J}EICt

class TreeNode:
def __init__(self, key, value):
self .key = key
self.value = value
self.left = None
self.right = None

ordering invariant= key0il M 8E| 1 value= 7|2 #2 F| gHetctHLl HAISHCE A0lA & BinaryTree®| left_child, right_child®t Z2
=l 0

5]
AYE 0] 22HAE left, rightE FECL

Adapted from Downey (2021), class Node, and Miller and Ranum (2013).
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20 HIME get

class BinarySearchTree:
def __init__(self):
self.root = None

def get(self, key):
node = self._get(key, self.root)
if node is None:
return None
return node.value

get2 BHMS _getOll &7 Zut LE0f A ZHEE 7HHCE

Adapted from Miller and Ranum (2013), Search Tree Implementation.
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MHEXEHME _get

def _get(self, key, node):
if node is None: return None
if key == node.key: return node
if key < node.key:
return self._get(key, node.left)
return self._get(key, node.right)

Adapted from Miller and Ranum (2013), Search Tree Implementation.

DS3600082-140 - Xt27E

38/44



HiEFOoRET Z

oEECEH

3=

rlo

def search(self, key):

node = self.root

while node is not None and node.key != key:

if key < node.key: node =

else: node = node.right

return node

Adapted from Downey (2021), BSTree.search.
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def __contains__(self, key):

return self._get(key, self.root) is not None

tree = BinarySearchTree()

tree.root = TreeNode(8, "a")
tree.root.left = TreeNode(3, "b")
tree.root.left.right = TreeNode(6, "c")

print(6 in tree, 11 in tree)

LEE 202 0/0f 2h= E2|0f|M £H2 True Falsell. Z2 _get Z1HE gt T3|9t 7| ExH 2HQloi| 2| 0t

Adapted from Miller and Ranum (2013), Search Tree Implementation.
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Adapted from Miller and Ranum (2013), Search Tree Implementation.
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Adapted from Miller and Ranum (2013), Search Tree Implementation.
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Checkpoint

Search in Python
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How Does a Comparison Pick a Subtree?

Next Lecture: BST Insertion and Deletion
- M7|1E E= X2
- XAO| Q1 = EOf AtH|

- A eCEREY
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