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Binary trees
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In [5]: T = {
    'A': ['B', 'C'],
}

draw_directed_graph(T)



Binary trees data structures

T = {'A': ['B', 'C']}
["A", "B"]

Class Node()



Binary trees data structures (dict + lists)

In [6]: T = {
    'A' : ['B','C'],
    'B' : ['D', 'E'],
    'C' : [],
    'D' : [],
    'E' : []
}



Using OOP
In [7]: class Node:

    def __init__(self, value):
        self.value = value
        self.left = None
        self.right = None
        
    def get_value(self):
        return self.value
    
    def set_value(self, v = None):
        self.value = v

In [8]: root = Node(4)
root.left = Node(2)
root.right = Node(5)
root.left.left = Node(1)
root.left.right = Node(3)



Definitions on binary trees
Nodes value children

Edges

Root

Parent and child

Leaf

Depth

Height



Basic operations



Get the root of a tree



Get the root of a tree

In [9]: def get_root(T):
    if (len(T.keys()) > 0):
        return list(T.keys())[0]
    else:
        return -1

In [10]: get_root(T)

Out[10]: 'A'

In [11]: assert get_root({}) == -1
assert get_root({"A": []}) == "A"
assert isinstance(get_root({"A": []}), str) # to make sure there is onl



Get all nodes from a Tree



Get all nodes from a Tree

In [15]: def get_nodes(T):
    return list(T.keys())

In [16]: get_nodes(T)

Out[16]: ['A', 'B', 'C', 'D', 'E']

In [17]: assert get_nodes(T) == ['A', 'B', 'C', 'D', 'E']
assert get_nodes({}) == []



Get all links from a Tree
Tuple



Get all links from a Tree
Tuple

In [18]: def get_links(tree):
    links = []
    for node, neighbors in tree.items():
        for neighbor in neighbors:
            links.append((node, neighbor))
    return links

In [19]: get_links(T)

Out[19]: [('A', 'B'), ('A', 'C'), ('B', 'D'), ('B', 'E')]

In [20]: assert get_links(T) == [('A', 'B'), ('A', 'C'), ('B', 'D'), ('B', 'E')]
assert get_links({}) == []



Get the parent of a node
None



Get the parent of a node
None

In [17]: def get_parent(tree, node_to_find):
    for parent, neighbors in tree.items():
        if node_to_find in neighbors:
            return parent
    return None

In [18]: assert get_parent(T, 'D') == 'B'
assert get_parent(T, 'A') is None
assert get_parent({}, '') is None



Check if the node is the root
None



Check if the node is the root
None

In [19]: def is_root(T, node):
    return get_parent(T, node) is None

In [20]: assert is_root(T, 'A') == True



Get the children of a node
List



Get the children of a node
List

In [21]: def find_children(graph, parent_node):
    children = graph.get(parent_node, [])
    return children

In [22]: assert find_children(T, 'A') == ['B', 'C']
assert find_children(T, 'B') == ['D', 'E']
assert find_children(T, 'C') == []



Get the children of a node
List

In [21]: def find_children(graph, parent_node):
    children = graph.get(parent_node, [])
    return children

In [22]: assert find_children(T, 'A') == ['B', 'C']
assert find_children(T, 'B') == ['D', 'E']
assert find_children(T, 'C') == []

Check if the node is a leaf
True



Get the children of a node
List

In [21]: def find_children(graph, parent_node):
    children = graph.get(parent_node, [])
    return children

In [22]: assert find_children(T, 'A') == ['B', 'C']
assert find_children(T, 'B') == ['D', 'E']
assert find_children(T, 'C') == []

Check if the node is a leaf
True

In [23]: def is_leaf(T, node):
    return len(find_children(T, node)) == 0

In [24]: assert is_leaf(T, 'C') 
assert not is_leaf(T, 'A')



Add/Delete a node



Add/Delete a node

In [25]: def add_node(graph, parent, new_node):
    if parent in graph:
        graph[parent].append(new_node)
    else:
        graph[parent] = [new_node]

def delete_node(graph, node_to_delete):
    for parent, children in graph.items():
        if node_to_delete in children:
            children.remove(node_to_delete)
            if not children:
                del graph[parent]

In [26]: U = {"A": []}
add_node(U, "A", 'F')
U

Out[26]: {'A': ['F']}



Height of a tree



Height of a tree

In [38]: def tree_height(tree, node):
    if node not in tree or not tree[node]:  
        return 1
    left_height = tree_height(tree, tree[node][0]) if tree[node][0] els
    right_height = tree_height(tree, tree[node][1]) if tree[node][1] el
    return 1 + max(left_height, right_height)

In [39]: assert tree_height(T, 'A') == 3
assert tree_height(T, 'B') == 2
assert tree_height(T, 'C') == 1



Height of a binary tree



Binary trees (using Arrays)



Visualize a tree
In [37]: from graphviz import Digraph

dot = Digraph()

dot.node_attr['shape'] = 'circle'

dot.node('0', label='0')  # Root
dot.node('1')
dot.node('2')
dot.node('3')
dot.node('4')
dot.node('5')

dot.edge('0', '1')
dot.edge('1', '4')
dot.edge('1', '5')

dot.edge('0', '2', color='red')
dot.edge('2', '3', color='red')

dot # render
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Out[37]:

In [ ]:  




