
CSCI 201: Data Structures

Spring 2025

Lecture 8W: Heaps, priority queues
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Goals for today:

Design a priority queue -- queues where items are removed according to a priority.

Implement a priority queue using the structures we've learned so far.

Use a complete binary tree to implement a heap (min & max).

Represent a complete binary tree using an array.

Encode a message and decode a sequence of bits using a Huffman Coding Tree.
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A priority queue is an abstract data type that can be implemented

with different data structures. Which should we use?

Main things we want:
Ability to add a new item into a priority queue.

Ability to query (peek) or remove (poll) next item with highest priority.

 

import java.util.PriorityQueue;
 
public class PriorityQueueExample {
  public static void main(String[] args) {
    PriorityQueue<Integer> queue = new PriorityQueue<>();
 
    queue.add(10);
    queue.add(1);
    queue.add(5);
    queue.add(3);
 
    while (queue.size() > 0) {
      // remove the next item and print it out
      System.out.println(queue.poll());
    }
  }
}
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How does this work?

For regular queues, we used either

ArrayList or LinkedList.

Let's consider how these could be

used for priority queues too.

But how do we find the highest

priority item?

  Idea 1: look for it!

  Idea 2: keep the items sorted!
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Printing the tree using pre-order traversal with our

CompleteBinaryTree representation.

 public String toStringHelper(String padding, int index) {
  if (index >= data.size()) return "";
 
  String result = padding + "└──(" + data.get(index).toString() + ")\n";
 
  padding += "│    ";
  result += toStringHelper(padding, left(index));
  result += toStringHelper(padding, right(index));
 
  return result;
}
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└──(16)
│   └──(15)
│   │   └──(8)
│   │   │   └──(2)
│   │   │   └──(4)
│   │   └──(7)
│   │   │   └──(1)
│   └──(10)
│   │   └──(9)
│   │   └──(3)
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Consider the isMaxHeap method for the

CompleteBinaryTree class.

Assume we are checking the max-heap property (node values  child values).
Loop through all nodes (entire size() of data   ArrayList).

Retrieve indices of left and right children and check heap property.

≥

  public boolean isMaxHeap() {
    for (int i = 0; i < data.size(); i++) {
      int l = left(i);
      int r = right(i);
      E value = data.get(i);
 
      // return false if value < lValue
 
      // return false if value < rValue
 
      // return false if parent value < value
 
    }
    return true;
  }
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Huffman Coding using a priority queue

Representing data with fewer bits
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Lab 6 assignment:

Complete the Lab 6 worksheet to build the

Huffman tree for the given frequency of

characters.

Use your tree to decode a sequence of bits.

Submit worksheet results to Canvas quiz

(unlimited attempts).

Nothing to submit to Gradescope for this lab.
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Notes:

 due Thursday 4/10: implement a calculator (using a stack) & mid-semester

check-in.

 due Monday 4/14: complete the  on your own or with a study partner.

Use a priority queue to encode messages efficiently!

No lab meetings on Friday 4/11 -- attend the .

If you want to make your own trees, have a look at this app: 

(trees for today's class were made with it).

Reminder that Noah ( ) and Smith ( ) have office hours throughout the week

and the 201 Course Assistants have drop-in hours in the late afternoons/evenings ( ).

Homework 6

Lab 6 Lab 6 worksheet

Spring Student Symposium

https://tree-visualizer.netlify.app/

go/noah go/smith

go/cshelp
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https://middcs.github.io/csci201s25/homework06
https://middlebury.instructure.com/courses/16416/quizzes/38188
https://middcs.github.io/csci201s25/docs/lab6-worksheet.pdf
https://www.middlebury.edu/teaching-learning-research/spring-student-symposium
https://tree-visualizer.netlify.app/
https://go.middlebury.edu/noah
https://go.middlebury.edu/smith
https://go.middlebury.edu/cshelp

