
 1

Outline

● binary search tree algorithms: add, remove, 
traverse

● binary node class
● lambda expressions
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binary search trees

● review: how do we know this is a binary search 
tree?

image by Derrick Coetzee and Booyabazooka, in entry 
“Binary search tree" in Wikipedia
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review: binary search in binary 
search trees

image by Derrick Coetzee and Booyabazooka, in entry “Binary search tree" in Wikipedia

● binary search (for value x) is now much easier:
● if the value in the root is x, we are done
● otherwise, if x < the value in the root, search in the left subtree
● otherwise, x > the value in the root, so search in the right subtree
● if the subtree we need to search is empty, x is not in the tree

● note this is a recursive definition
● in-class exercise: what is the runtime of this algorithm?
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binary search tree properties

● adding, finding (get), or removing a node are all O(depth), which, 
if the tree is balanced, is O(log n), with n the number of nodes
● in a sorted array, binary search is always O(log n), inserting is O(n)

● binary search trees are an efficient way to search data and to 
sort data, as long as the trees remain balanced

● an unbalanced binary tree might look like a linked list
● in-class exercise: what is the runtime of the get method when 

the tree is not balanced?
● data can be identified with a unique key
● in-class exercise: add everyone's name to a search tree (in 

groups of five-ten people)
● in-class exercise: is the resulting tree balanced?
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binary search tree get operation

● if key is less than the key of the current node, recursively search in the 
left subtree

● if key is greater than the key of the current node, recursively search in the 
right subtree

● otherwise, return the value of this node:
● if there is no current node, or iit doesn’t match the key, return not found
●  if there is a current node and it matches the key, return the corresponding value 

● this assumes:
● the method returns a new root for the new (sub)tree with the desired value 

inserted
● the caller of this method knows what to do with the new root 

● in-class exercise: create a new binary tree using as keys the following 
letters, in the order given: "hello world". These keys each carry the value 
1, 2, 3, 4, 5, 6, 7 8, 9, 10, 11
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binary search tree add operation

● if key is less than the key of the current node, recursively add to the left 
subtree

● if key is greater than the key of the current node, recursively add to the 
right subtree

● otherwise, add at this node:
● if there is no current node, create one and return it
●  if there is a current node, replace its contents with the new contents 

● this assumes:
● the method returns a new root for the new (sub)tree with the desired value 

inserted
● the caller of this method knows what to do with the new root 

● in-class exercise: create a new binary tree using as keys the following 
letters, in the order given: "hello world". These keys each carry the value 
1, 2, 3, 4, 5, 6, 7 8, 9, 10, 11
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binary search tree remove 
operation

● find node with the given key
● if the node is a leaf node, delete it, return null
● if the node only has a left subtree, return the left 

subtree
● if the node only has a right subtree, return the 

right subtree
● if the node has both subtrees, must replace it 

with another node that fits in the slot 
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removing a node that has both 
subtrees

● the rightmost node in the left subtree can be put in place 
of the current node without altering the sorted property

● likewise, the leftmost node in the right subtree can be put 
in place of the current node

● that node might have a left (right) subtree, which can be 
used in its old position

● the rightmost node in the left subtree is the inorder 
predecessor of the current node

● the leftmost node in the right subtree is the inorder 
successor of the current node

● so either can be used
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node removal exercises

● in-class exercise (everyone together): delete 
node 17 from this tree

● in-class exercise (individually): delete node 14 
from the original tree

● in-class exercise (individually): delete node 31 
from the original tree 
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BinaryNode class

● a singly-linked list node has (at most) one reference to 
another node

● a binary tree node has (at most) two references to other 
nodes

● for example, see BinaryNode.java
● both types of nodes also need a reference to the locally 

stored value (possibly including a key)
● data fields are item, left, right
● methods include constructors, accessor methods, mutator 

methods, toString
● test program builds small tree, tests the methods
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BinaryNode exercises

● in-class exercise: write a recursive static 
method to print in post-order a tree, given its 
root

● in-class exercise: build the following tree using 
the methods from class BinaryNode
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binary tree traversal

● binary tree traversal is easy using recursion:
● preorder: visit the root node, then recursively visit the left subtree, then recursively visit 

the right subtree
● inorder: recursively visit the left subtree, then visit the root node, then recursively visit 

the right subtree
● postorder: recursively visit the left subtree then recursively visit the right subtree, then 

visit the root node 
● this is hard using just loops
● a stack is needed to keep track of where we are in the tree
● for example, for preorder traversal, I would visit (print, etc) the current node, 

push onto the stack the right subtree, then visit the left subtree
● when I reach a leaf node, I pop the next subtree off the stack, and continue 

from that node
● inorder and postorder are more complex
● this can also be done without a stack if the nodes have parent references
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lambda expressions

● a lambda expression is an unnamed function
● that can be assigned to a variable
● or passed as a parameter

● so another view is that lambda expressions 
allow function variables

● some languages make heavy use of lambda 
expressions: for example, Javascript and LISP

● older versions of Java (before Java 8) did not 
have lambda expressions
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lambda expressions in Java

● a lambda expression in Java has 3 parts:
● the interface definition, defining the type
● the lambda expression, defining the computation
● the application of the lambda expression
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lambda expressions example

● Comparator<T> defines int compare(T 
t1, T t2)

● Comparator<T> f = (a, b) - > {

  if (a.compareTo(b) > 0) return 1;

  if (a.compareTo(b) == 0)return 0;

  return -1;

}
● int comparison=f(value, a[middle]);

● note: f doesn’t have to be called compare
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Defining the interface

● any interface that declares exactly one method is 
a functional interface, and can be used to declare 
a lambda expression

● common examples include:
● Comparator<T> defines int compare(T a,T b)
● Function<T,R> defines R apply(T t)
● Predicate<T> defines boolean test (T t)

● anyone can use these types
● or you may define your own
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Defining the computation

● a lambda expression has two parts, joined by the 
arrow:  ->

● the first part is the parameter list
● types may be omitted if Java can figure them out
● parentheses may be omitted if only one parameter
● or use () to indicate no parameters

● the second part is the expression, enclosed in {}
● the parameter values may be used in the expression
● the expression may also use local variables of the 

enclosing method – this is called a closure
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applying lambda expressions

● a lambda expression defined by interface I
● simply call the only method of I
● example:
● Function<String, Integer> f =

    s - > { return s.length(); } ;
● Integer x = f.apply(“hello world”) 
+ 2;
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