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[bookmark: _Toc170220978]Introduction
(Read, no action required)
GitHub Copilot is an AI tool that can be used to write, suggest, interpret, and test code. It lives at GitHub. Once you have a GitHub account, you can sign up for Copilot. As a student, it will be free, but you do have to go through a verification process. There will be instructions later for this. 
“GitHub Copilot is an AI pair programmer that offers autocomplete-style suggestions as you code. You can receive suggestions from GitHub Copilot either by starting to write the code you want to use, or by writing a natural language comment describing what you want the code to do. GitHub Copilot analyzes the context in the file you are editing, as well as related files, and offers suggestions from within your text editor…
GitHub Copilot is trained on all languages that appear in public repositories. For each language, the quality of suggestions you receive may depend on the volume and diversity of training data for that language. For example, JavaScript is well-represented in public repositories and is one of GitHub Copilot's best supported languages.”[footnoteRef:1] [1:  https://docs.github.com/en/copilot/copilot-individual/about-github-copilot-individual ] 

The objective of this lab is to learn to use Copilot. You can use it on GitHub directly for a few things, but only with a Pro (paid) license and you can use it through an IDE. Here, you will use the Copilot4Eclipse (Eclipse) plugin to access GitHub Copilot to generate code, etc.
NOTE: The steps below may produce results that don’t match my screen shots (it is AI, after all!). Don’t sweat that. Just do your best to try to fulfill the spirit of the lab. And, feel free to experiment as much as you want. Want you turn in does not need to match mine at all! Learn!


[bookmark: _Toc170220979]Copilot4Eclipse Introduction
(Read, no action required, 20 min)
Copilot4Eclipse is a plugin for Eclipse to use GitHub’s Copilot AI tool. In this section, you will read a few pages and watch a few short videos to get an overview of the features and how to use them in Copilot4Eclipse (C4E). Do the following:
1. Watch 2-minute Copilot4Eclipse video which overviews: installation, authorization, code suggestions, and customization/preferences. It does not discuss Chat which will be in another video. It was helpful for me to slow the video speed, something I don’t think I’ve done before.
2. Scan this overview of the Copilot4Eclipse UI. You can stop at Section 2.1, you will see Menus later.
3. Scan this overview of Inline Code Completions. Read these tips for generating better code suggestions.
4. Scan this overview of Chat and be sure and watch the video there. 
[bookmark: _Hlk71199949][bookmark: _Toc170220980]Setup Copilot & Copilot4Eclipse
Follow these steps to access GitHub Copilot, Copilot4Eclipse, set them up, and connect them.
1. [bookmark: _Hlk168565706](You may have already done this step) Do the following to obtain access to GitHub Copilot:
a. Create a GitHub account. You will create a username, a password, and specify your email address. https://github.com/
b. Follow steps 1-8. At the conclusion, you will be waiting for your application for Student status to be approved. Once it is approved, continue with the link above, for one more step, Setting Up Copilot.
2. Do the following to install Copilot4Eclipse Plugin:
a. Verify that your computer meets the Copilot4Eclipse prerequisites. 
b. Follow these steps to install. Note that on the last step (4), the image shows the Copilot menu, which at the top says, “Status: Copilot4Eclipse ready”. Yours will not say that. Yours will say, “Status: GitHub Copilot4Eclipse sign in required”. After you sign in, it will say, “…ready”. 
3. Follow these steps to have Copilot4Eclipse sign in to GitHub Copilot.
[bookmark: _Toc170220981]Initialize Java Project
Do the following in Eclipse:
1. [bookmark: _Hlk170204214]Create a project named: labAILastname by doing the following:
a. Choose: File, New, Java Project
b. Supply the Project name: labAILastName
c. Important: Uncheck: Create module-info.java file.
d. Choose: Finish
2. Create a package named: prob1 by doing the following:
a. Right-click the src node in the Project Explorer and choose: New, Package
b. Supply the Name: prob1


3. Create a class named: Room by doing the following:
a. Right-click the prob1 node in the Project Explorer and choose: New, Class
b. Supply the Name: Room
c. The code should look like this (I’ve removed the line breaks for brevity).:
package prob1;
public class Room {
}
4. [bookmark: _Hlk170204659]Create a JUnit Test Case named: RoomTest[footnoteRef:2] by doing the following: [2:  More information on JUnit Tests is found in an Appendix] 

a. Right-click the prob1 node in the Package Explorer and choose: New, JUnit Test Case
b. Make sure the Package is prob1.
c. Supply the Name: RoomTest 
d. Choose: Finish
e. Choose: OK to: Add JUnit 5 library to the build path
f. Verify that there are no compile errors (red squiggles underlining any code). The code should look as shown below (I’ve removed the line breaks for brevity). If there are none, move on. Otherwise, you can try either of these:
· Hover your mouse under the red squiggly line and choose: Fix Project Setup, then choose: Add JUnit 5 library to the build path. This probably won’t work. If it doesn’t try the next suggestion
· Create a new project as described above, with the new name: labAILastName2
package prob1;
import static org.junit.jupiter.api.Assertions.*;
class RoomTest {
	@Test
	void test() {
		fail("Not yet implemented");
	}
}

[bookmark: _Toc170220982]Overview of Copilot4Eclipse
(Read, no action required)
[image: ]There are two main features of Copilot4Eclipse: ghost text and Chat. In the steps that follow, we only show ghost text once; however, it is pretty obvious: you start writing code and it anticipates what you want – you can keep it or type over it. I find it annoying and have turned it off when I don’t want help. In this lab, we mostly focus on the Chat feature.
The Chat dialog appears as shown on the right:, you type a question and then choose the Arrow icon. Usually, code and an explanation appear.
(optional resource) Best practices for using GitHub Copilot in VS Code – This is for the VS Code plugin, but it has a Chat feature that is virtually the same as Copilot4Eclipse. These are really good suggestions.	


[bookmark: _Toc170220983]Chat – Room Example
Do the following:
1. Open the Chat panel by choosing: Copilot, Open Chat Panel (experimental). It will look similar to what is shown immediately above.
2. Copy everything in the box below and past directly into Chat (as shown below) and press the Arrow icon.
	Notes on Room class:
· number – the room number (any integer)
· Room(number:int) – Creates a room with 1 guest for 1 night, with room number, number.
· equals – rooms are considered equal if they have the same (room) number.
· getCost – The cost per night for a regular room is $80.00 plus $20.00 per guest, and this value is then multiplied by the number of nights.
· toString() – returns a string like this (should be a single line):
Regular Room: room number=228, num guests=3, num nights=2, cost=$280.00


[image: ]


3. [image: ](Read, no action required) Note the following: 
a. If you scroll to the top of the generated output, you’ll see that it creates a Room class, as shown on the right.
You can copy the code in the Copilot code window into your actual code window. Or, you position your cursor in your code window and insert the code from the Copilot code window. You can do this with the two icons in the upper-right of the Copilot code window as shown on the right. Don’t do this now, we will do it shortly.











b. [image: ]If you scroll down, you can see
i. A description of the class.
ii. A node that says, Using 1 Reference, which when expanded shows that the frame of reference for the generated answer is: Room.java.
· As discussed in one of the readings or videos above, Chat will answer your question utilizing a frame of reference. If not explicitly stated, it will typically just assume your active, open code window(s). The “+” at the bottom-left of the dialog (only shown in the figure above on the right) to explicitly define the context. 
· A conversation occurs when you ask questions repeatedly about some context, and as I understand it, the context is not only the references you define or it infers, but also the conversation itself. In the upper-right of the figure on the right is another “+” which will start a new conversation. To the left of this, the reverse, circular arrow, shows the conversations. There is not a way to export entire conversations.
iii. A suggestion (blue, in figure on the right at bottom)
4. Copy/Paste or Insert the Copilot generated code into your Room class, replacing everything that is there. You could just delete the code, leave your cursor in the empty window, then choose the Insert icon from the Copilot code window.

5. Tell Chat:
Add a constructor that accepts all three instance variables and have the first constructor call the second
Copy and paste the result in. I would just manually, copy/paste the two constructors into the code, overwriting the existing one.
Note: you have to be careful copy/paste a whole class it generates, based on your modifications (i.e. a continuing conversation), because sometimes the class will be different, or leave things out. However, it generally does what you ask it to do.
6. In the code window, start a new method by typing (and noting the ghost text):
public Boolean isLong
Eventually, the ghost text will show something like this, which you should accept (by pressing the Tab key).
public boolean isLongStay() {
	return numNights > 2;
}
7. Go to the end of the Room constructor that defines three parameters. Type a single: “/”. This is a way to explicitly invoke Copilot. On my computer, it is as shown below. What ever it shows on yours, accept it.
[image: ]
After accepting, your cursor will be at the end of the line. Press Enter and some suggested code will appear. Accept it.
[image: ]
8. Do the following:
a. Highlight the getCost method in the code window. 
b. Then, in Chat, type: “/” and you will see options. Choose: “/explain”. You could type something after this, but instead we will just press Enter in which case it is operating on the selected text.
c. Read the description.


9. Do the following:
a. Tell Chat: Change getCost so that the there is only a 20 charge when there are more than 2 guests
Your results may be different than mine. Try the steps below, but don’t worry if it doesn’t exactly match the images below. If you think it gets messed up, or you just want to do it again, use the “+” in upper-right to start a new conversation. Experiment!
When I did this yesterday, I got:
public double getCost() {
    double guestCharge = (numGuests > 2) ? 20.00 * (numGuests - 2) : 0.00;
    return (80.00 + guestCharge) * numNights;
}
b. This code is not a good place to use the ternary operator (“?”). So, tell Chat: simplify. What I got was something similar:
public double getCost() {
    return 80.00 * numNights + ((numGuests > 2) ? 20.00 * (numGuests - 2) : 0.00) * numNights;
}
c. This was not what I wanted, so I told Chat, “don't use the thing with the ?” which gave me what I was looking for:
[image: ]
d. Replace the existing getCost with the one you like from the Copilot code window.
10. Do the following:
a. Tell Chat: Write a main method to do informal testing
[image: ]


b. Tell Chat: Don’t explicitly call toString
public static void main(String[] args) {
    Room room1 = new Room(101, 2, 2);
    System.out.println(room1);

    Room room2 = new Room(102, 3, 2);
    System.out.println(room2);

    Room room3 = new Room(103, 4, 2);
    System.out.println(room3);
}
c. Tell Chat: Call getCost
public static void main(String[] args) {
    Room room1 = new Room(101, 2, 2);
    System.out.println(room1);

    Room room2 = new Room(102, 3, 2);
    System.out.println(room2);

    Room room3 = new Room(103, 4, 2);
    System.out.println(room3);

    // Call getCost method
    double cost1 = room1.getCost();
    System.out.println("Cost of room1: " + cost1);

    double cost2 = room2.getCost();
    System.out.println("Cost of room2: " + cost2);

    double cost3 = room3.getCost();
    System.out.println("Cost of room3: " + cost3);
}
d. Tell Chat: create a room with the other constructor
In my case, it removed the other code that was in main. This is something to think about when you are continuing to change a method. So, you might want to copy into your code before making changes.
public static void main(String[] args) {
    Room room1 = new Room(101);
    System.out.println(room1);

    double cost1 = room1.getCost();
    System.out.println("Cost of room1: " + cost1);
}


e. Experiment a bit to recreate the main with all the attributes we did above. I used the prompt below. But, really, just experiment and make something you like:
Create a main for informal testing, be sure and use both constructors and don't explicitly call toString
I ended up with this:
public static void main(String[] args) {
    // Using the constructor that takes room number, number of guests, and number of nights
    Room room1 = new Room(101, 2, 2);
    System.out.println(room1);
    System.out.println("Cost of room1: " + room1.getCost());

    // Using the constructor that takes only the room number
    Room room2 = new Room(102);
    System.out.println(room2);
    System.out.println("Cost of room2: " + room2.getCost());
}
f. Insert the generated main into your code and run.
11. Do the following:
a. Tell Chat: Change getCost so that it only charges 20 for each guest beyond the second
public double getCost() {
    int extraGuests = (this.numGuests > 2) ? this.numGuests - 2 : 0;
    return (80.00 + 20.00 * extraGuests) * this.numNights;
}
b. Tell Chat: don't use ?
public double getCost() {
    int baseCost = 80;
    int extraGuestCost = 0;

    if (this.numGuests > 2) {
        extraGuestCost = (this.numGuests - 2) * 20;
    }

    return (baseCost + extraGuestCost) * this.numNights;
}
c. Tell Chat: change getCost so that the method accepts a tax rate and applies it to the cost
public double getCost(double taxRate) {
    int baseCost = 80;
    int extraGuestCost = 0;

    if (this.numGuests > 2) {
        extraGuestCost = (this.numGuests - 2) * 20;
    }

    double cost = (baseCost + extraGuestCost) * this.numNights;
    return cost + cost * taxRate;
}
d. Add the new getCost method to your code, replacing the old one.
e. Notice the main and toString methods don’t compile because the cost method accepts an argument now. 
Tell Chat: fix main so it compiles
@Override
public String toString() {
    return "Regular Room: room number=" + number + ", num guests=" + numGuests + ", num nights=" + numNights
        + ", cost=$" + String.format("%.2f", getCost(0.1));
}

public static void main(String[] args) {
    // Using the constructor that takes room number, number of guests, and number of nights
    Room room1 = new Room(101, 2, 2);
    System.out.println(room1);
    System.out.println("Cost of room1: $" + String.format("%.2f", room1.getCost(0.1)));

    // Using the constructor that takes only the room number
    Room room2 = new Room(102);
    System.out.println(room2);
    System.out.println("Cost of room2: $" + String.format("%.2f", room2.getCost(0.1)));
}
f. Add these updated methods to your code, replacing the old ones.
12. Do the following:
a. Type: “/” into Chat and choose: tests. 
@Test
void shouldCalculateCostForTwoGuestsNoTax() {
    Room room = new Room(101, 2, 2);
    double expectedCost = 160.0;
    Assertions.assertEquals(expectedCost, room.getCost(0.0));
}

@Test
void shouldCalculateCostForExtraGuestsWithTax() {
    Room room = new Room(102, 3, 2);
    double expectedCost = 200.0; // (80 + 20) * 2 nights = 200
    Assertions.assertEquals(expectedCost, room.getCost(0.0));
}

@Test
void shouldApplyTaxToCost() {
    Room room = new Room(103, 2, 2);
    double expectedCost = 176.0; // 160 + 10% of 160 = 176
    Assertions.assertEquals(expectedCost, room.getCost(0.1));
}

@Test
void shouldHandleZeroNights() {
    Room room = new Room(104, 2, 0);
    double expectedCost = 0.0;
    Assertions.assertEquals(expectedCost, room.getCost(0.1));
}

@Test
void shouldHandleZeroGuests() {
    Room room = new Room(105, 0, 2);
    double expectedCost = 0.0;
    Assertions.assertEquals(expectedCost, room.getCost(0.1));
}
Notice, at least on mine, the second method, shouldCalculateCostForExtraGuestsWithNoTax(), is unproperly named. Notice the tax rate used in the code is 0.0. Thus, it should be titled: shouldCalculateCostForExtraGuestsWithTax(). We will attempt to fix shortly.
b. Add the generated tests to RoomTest. Be careful, in my case it only generated the test methods, so you need to copy them in, not replace the entire file.
c. Tell Chat: the second test method is not properly named. In my case, it properly named the method. Replace the
@Test
void shouldCalculateCostForExtraGuestsNoTax() {
    Room room = new Room(102, 3, 2);
    double expectedCost = 200.0; // (80 + 20) * 2 nights = 200
    Assertions.assertEquals(expectedCost, room.getCost(0.0));
}



d. [image: ]Run RoomTest. The results of the tests are shown as a tab beside the Package Explorer tab. In my case, one of the tests, shouldHanldeZeroGuests failed. We’ll fix that shortly.




e. Tell Chat: The third test fails, please fix the method
As you can see from my code below, it didn’t fix the error. It thought it could fix things by rounding!
public double getCost(double taxRate) {
    int baseCost = 80;
    int extraGuestCost = 0;

    if (this.numGuests > 2) {
        extraGuestCost = (this.numGuests - 2) * 20;
    }

    double cost = (baseCost + extraGuestCost) * this.numNights;
    double totalCost = cost + cost * taxRate;
    return Math.round(totalCost * 100.0) / 100.0; // rounding to 2 decimal places
}
f. Tell Chat: getCost doesn't handle the case where there are zero guests
It looks like it fixed it now. Add it to the Room class by replacing the existing method.
public double getCost(double taxRate) {
    if (this.numGuests == 0) {
        return 0.0;
    }

    int baseCost = 80;
    int extraGuestCost = 0;

    if (this.numGuests > 2) {
        extraGuestCost = (this.numGuests - 2) * 20;
    }

    double cost = (baseCost + extraGuestCost) * this.numNights;
    double totalCost = cost + cost * taxRate;
    return Math.round(totalCost * 100.0) / 100.0; // rounding to 2 decimal places
}

g. Run RoomTest. My test fails still. However, I’m stopping this portion of the lab. Feel free to keep playing with it in any way you like! Experiment with anything – it is fine!



[bookmark: _Toc170220984]Chat – OCSF Example
Next, we show an example of explaining a complex piece of code.
1. Create a new project in Eclipse named: OCSF
2. [image: ]Download and unzip, hw-copilot.zip from the Schedule. Inside, you will find an ocsf folder that contains two subfolders: client and server. Inside these are several Java files.


3. [image: ]Drag the ocsf folder into the src node in the Package Explorer in Eclipse.





4. Tell Chat: /explain what is the purpose of these classes?
5. Read through the description thoroughly.
6. Issue this prompt in Chat: show an example of how to use these classes
7. Read through the description thoroughly.
The resulting Main class will run and illustrate using the framework. However, it will only work once! It doesn’t close the client connection nor close the server. If you do these things, then the client will be stopped before it receives its reply from the server. Thus, in a real application, you would close the connection on demand. You can run more times incrementing the port for the server constructor; however, I think something still doesn’t work right.
[bookmark: _Toc111809291][bookmark: _Toc167272608][bookmark: _Toc170220985]Submission Requirements
Submit your Room.java and RoomTest.java files in the HW-Copilot dropbox on Blazeview by the deadline




Appendix
[bookmark: Appendix_1][bookmark: Appendix_JUnitInEclipse][bookmark: _Toc170220986]JUnit in Eclipse
[image: G:\eDataClasses\CS 4321\CS 4321 - Fall 18\topics\04-Testing\b3.jpg]JUnit 5 (also called JUnit Jupiter) is the most current framework for doing unit testing in Java. JUnit 5 support is built-in to Eclipse since 2017. 
To create a JUnit test class in Eclipse, choose: 
1. File, New, JUnit Test Case 
2. Make sure New JUnit Jupiter test is selected
3. Supply a class name. The convention for naming test classes is: ClassNameTest. For example shown on the right, the class under test is Employee and the test class name is: EmployeeTest
4. Specify the class under test (not necessary, but then it won’t generate test method stubs for you as in the next step)
5. Next. 







6. [image: G:\eDataClasses\CS 4321\CS 4321 - Fall 18\topics\04-Testing\b4.jpg]On the next dialog, you can choose the methods you want to test and it will create test method stubs for these. I sometimes do this as a reminder of all the methods. But, two points: (1) we don’t have to test all methods, we only test methods that have some logic (we say more about this later), (2) there will be several or more tests for each method that we do test.

7. The resulting test class will look like this:
class EmployeeTest {
	@Test
	void testEmployee() {
		fail("Not yet implemented");
	}
	@Test
	void testGetName() {
		fail("Not yet implemented");
	}
	...
}
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