
Exercises: Implement Circular Queue in C#
This document defines the in-class exercises assignments the "Data Structures" course @ Software University. You can submit your code in the SoftUni Judge System - https://judge.softuni.bg/Contests/574/Linear-Data-Structures-Stacks-and-Queues-Lab. 

You have to implement an array-based circular queue in C# – a data structure that holds elements and follows FIFO (First In, First Out) behavior, with fixed internal capacity that doubles its size when filled:
[image: ]
In the figure above, the queue elements {12, 5, -2, 3, 4} stay in an array with fixed capacity of 8. The queue capacity is 8, the elements count is 5 and 3 cells stay empty. The startIndex points the first non-empty element in the queue. The endIndex points just after the last non-empty element in the queue – the place where the next coming element will be enqueued. Note that the queue is circular: after the element at the last position 7 comes the element at the first position 0.
Learn about Circular Queue in Wikipedia
Before starting, get familiar with the concept of circular queue: https://en.wikipedia.org/wiki/circular_buffer.
The typical operations over a circular queue are enqueue / dequeue and get count. Let's start coding!
CircularQueue<T> – Project Skeleton
You are given a Visual Studio project skeleton (unfinished project) holding the unfinished CircularQueue<T> class and unit tests for its functionality. The project holds the following assets:
[image: ]
The project skeleton opens correctly in Visual Studio 2017 but can be open in other Visual Studio versions as well and also can run in SharpDevelop and Xamarin Studio.
The main class stays in the file CircularQueue.cs:
	public class CircularQueue<T>
{
    private const int DefaultCapacity = 4;
    public int Count { get; private set; }
    public CircularQueue(int capacity = DefaultCapacity) { … }
    public void Enqueue(T element) { … }
    public T Dequeue() { … }
    public T[] ToArray() { … }
[bookmark: _GoBack]}


The project comes with unit tests covering the entire functionality of the circular queue (see the class UnitTestsCircularQueue):
[image: ]
Run the Unit Tests to Ensure All of Them Initially Fail
Run the unit tests from the CircularQueue.Tests project. Right click on the file "UnitTestsCircularQueue.cs" in Solution Explorer and select [Run Unit Tests]:
[image: ]
The results is like this:
[image: ]
This is quite normal. We have unit tests, but the code covered by these tests is missing. Let's write it. 
Define the Queue Internal Data
The first step is to define the inner data that holds the queue elements and the start + end indexes:
· T[] elements – an array that holds the queue elements
· Non-empty cells hold elements
· Empty cells are free for adding new elements
· The array Length holds the queue capacity
· int startIndex – holds the queue start index (the index of the first entered element in the queue)
· int endIndex – holds the queue end index (the index in the array that follows the last queue element)
· int Count – holds the number of elements in the queue
The code might look like this:
[image: ]
Implement the Queue Constructor
Now, let's implement the queue constructor. Its purpose is to allocate the specified capacity of elements in the underlying array in the CircularQueue<T> class. The queue constructor has two forms:
· Parameterless constructor – should allocate 16 elements (16 is the default initial queue capacity)
· Constructor with parameter capacity – allocates the specified capacity in the underlying array
The code might look like the sample below (note that we have combined the above described two constructors in a single constructor through default parameter value). We also introduced the constant InitialCapacity to hold the initial queue capacity (16 elements):
[image: ]
Implement the Enqueue(…) Method
Now, we are ready to implement the Enqueue(element) method that appends a new element at the queue end:
[image: ]
How it works? First, if the queue is full, grow it (resize its capacity to 2 times bigger capacity). Next, put the new element at position endIndex (the index, just after the last queue element) + move the end index to point the position on the right of it + increase the internal elements counter Count.
Note that the queue is circular, so the element after the last element (this.elements.Length-1) is 0.
Thus, we have a formula: the next element after p comes at position (p + 1) % capacity. In the code we have:
(this.endIndex + 1) % this.elements.Length
Implement the Grow() Method
The Grow() method is called when the queue has filled its capacity (capacity == Count) and we are trying to add a new element. The Grow() method should allocate a new underlying array with doubled capacity and move all elements from the old array to the new array:
[image: ]
The code to grow the queue capacity might look like this:
[image: ]
An important part of the "grow" process is to copy the old array elements to the new array. This might be implemented as follows:
[image: ]
We use the already mentioned formula for the next element after sourceIndex:
nextIndex = (sourceIndex + 1) % capacity.
Implement Dequeue() Method
Next comes the Dequeue() method. Its purpose is to return and remove from the queue its first added element (the element at position startIndex). The code might look as follows:
[image: ]
How it works? If the queue is empty, an exception is thrown. Otherwise, the first queue element is taken (the element at position startIndex); the startIndex is moved to its next position; the Count is decreased.
Again, we use the same formula for the next element after startIndex:
nextIndex = (startIndex + 1) % capacity.
Run the Unit Tests
Now we have implemented the queue constructor, Enqueue(element) and Dequeue() methods. We are ready to run the unit tests to ensure they are correctly implemented. Most of the unit tests create a queue, enqueue / dequeue elements and then check whether the elements in the queue are as expected. For example, let's examine the following unit test:
[image: ]
This unit test creates a queue of strings, add an element to the queue (enqueue), removes an element from the queue (dequeue) and checks whether the queue is empty at the end and the element from the queue is the same like the element added to the queue earlier.
If we run the unit tests, some of them will now pass and some of them will still fail:
[image: ]
All tests, except the test for the unimplemented ToArray() method, pass successfully. We are almost done.
Implement ToArray() Method
Next, implement the ToArray() method. It should allocate an array with capacity of this.Count and copy all queue elements to it. We already have a method to copy the queue element to an array, so the code will be very short and easy to write. The code below is intentionally blurred. Try to write it alone.
[image: ]
Now run the unit tests again. You should have all the tests passed (green):
[image: ]
Congratulations! You have implemented your circular queue.

Follow us:
Page 8 of 8
© Software University Foundation (softuni.org). This work is licensed under the CC-BY-NC-SA license.
[image: ]   [image: ]   [image: ]   [image: ]   [image: ]   [image: ]   [image: ]   [image: ]   [image: ]   [image: ]
[image: ]



image1.png
(%) 1 2 3 4 5 6
4 12| 5 | -2
endIndex startIndex





image2.png
4 [ GircularQueve
5 Properies
b e References

b c CircularQueve.cs

CircularQueue Tests
5 Properies
b e References
b c* UnitTestsCircularQueue.cs





image3.png
oq Circular-Queue - Microsoft Visual Studio Y1 (3| QuickLaunch (Ctr+Q) P - B x

FLE EDIT VIEW TELERK PROJECT BUILD DEBUG TEAM TOOLS TEST ARCHITECTURE EMMET  WEB ESSENTIALS signin [
RESHARPER ANALVZE WINDOW  HELP
-0 B-A W 9-C - pStat- - Debug - H.im n B
§ ElCircularQueue.Tests - % UnitTestsCircularQueue -le \nma\Capa(\tyLEnqu:u:Dequ:ueZﬂ; @ e-20@m
p Fusing System; F scorchSoluion Bplorer v P -
H using System.Ling; 53] Solution ‘Circular-Queue' 2 projects)
By o . ) o 2 @ Greulrtueue
s using Microsoft.VisualStudio.TestTools.UnitTesting; ¥ Properties
; b =m References
7 [TestClass] b o CircularQuene.cs
g o 4 [E] CircularQueue Tests
S Bpublic class UnitTestsCircularQueue ¥ Properties
{ b *m References
[TestMethod] b e UnitTestsCircularQueue.cs
o -
public void Enqueue_EmptyQueue_ShouldAddElement ()
[TestMethod] -
ol
public void EnqueueDeque_ShouldWorkCorrectly()[.
[Testiethod]
[ExpectedException(typeof(InvalidoperationException))]
ol
public void Dequeue_EmptyQueue_ThrowsException()[...
[Testiethod]
ol
public void EnqueueDequeuel@@Elements_ShouldWorkCorrectly().. ]
0% - Solutio... | Propert.. Team .. Notifc..

EmorList Output Breakpoints Code Coverage Results Web Publish Activity Package Manager Console





image4.png
X Delete Del
jorer i

Solution Exp

Rename
@D ®- 21 Findcodelssues

Search Solution Explorer (| £ Find Symbols External to Scope.

1 Solution ‘Circular-Qu Refactor >
4 6 GrovlarQueve (i o CuteE CiieC
 Properties
b =m References. ==
b e CircularQueur B Run Unit Tests Ctrl+U, R
4 B] CireulorQueueTe g pebug unit Tests Cti+U,D
 Properties

b on et | % Properties AlteEnter

b @ UnitTestsCircularQueue.cs





image5.png
Run Al | Run.. v | Playist: AllTests ~

T

© CirclarQueue EnqueueDequeueManyChunks ShoudWorkCorecty 1 ms

© Dequeue EmptyQueue ThrowsException 1ms
© Enqueue_EmptyQueus ShouldAddElement 9ms
© EnqueueS00Elements Toray_ShouldWorkCorrecty s
© EnqueueDeque_ShouldWorkCorrecty 3ms
© EnqueueDequeue100Elements ShouldWorkCorectly Tms

© InitialCapacity1_EnqueueDequeue20lements_ShouldWorkCorrectly < 1ms




image6.png
public class CircularQueue<T>
{
private T[] elements;
private int startIndex
private int endIndex = 0;

public int Count { get; private

set; }
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private const int InitialCapacity = 16;

public CircularQueue(int capacity
{

InitialCapacity)

this.elements = new T[capacityl;

¥
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public void Enqueue(T element)

{
if (this.Count >= this.elements.Length)
{
this.Grow();
¥

this.elements[this.endIndex] = element;
this.endIndex = (this.endIndex + 1) % this.elements.Length;
this.Count++;
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private void Grow()
{
var newElements = new T[2 * this.elements.Length];
this.CopyAllElementsTo(newElements);
this.elements = newElements;
this.startIndex = ;
this.endIndex = this.Count;
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private void CopyAllElementsTo(T[] resultArr)

{

int sourcelndex = this.startIndex;
int destinationIndex = 0;
for (int i = 0; i < this.Count; i++)

{
resultArr[destinationIndex] = this.elements[sourceIndex];
sourceIndex = (sourceIndex + 1) % this.elements.Length;
destinationIndex++;

¥
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public T Dequeue()

{
if (this.Count == 0)
{
throw new InvalidoperationException("The queue is empty!");
¥

var result = this.elements[startIndex];
this.startIndex = (this.startIndex + 1) % this.elements.Length;

this.Count--;
return result;
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[TestMethod]
o
public void EnqueueDeque_ShouldiorkCorrectly()

{

// Arrange
var queve = new CircularQueue<string>();
var element = "some value";

/1 Act

queue. Enqueue (element) ;
var elementFromQueue = queue.Dequeue();

/1 Assert
Assert.AreEqual(@, queue.Count);
Assert.AreEqual (element, elementFromQueue);
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