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Lab 1 - Monolith vs Microservices Design
In this lab, you will be presented with two types of application architecture for a fictitious 
Java EE application: the monolith and a microservices-based one.  You will be required to 
identify the main differences in their designs and answer some questions.  For certain 
questions there is no single answer; feel free to share your answer(s) with the rest of the 
group. 

Part 1 - Breaking the Monolith
__1. Compare the Monolith Application Architecture 1 (Fig.1) with Microservices 
Architecture 2 (Fig.2), and name some of the differences.  

Copyright 2019 Web Age Solutions Inc. 3

EVALU
ATIO

N O
NLY



 Fig 1. Application Architecture 1: Traditional (Java) Enterprise Application Architecture Example.

Fig. 2 Application Architecture 2: Microservices-based Architecture Example.
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__2. What kind of Quality of Service properties we gain / lose by going from 
Architecture 1 to  Architecture 2?

__3. Which type of architecture more easily support scalability? 

__4. What would be involved if you need to change a single Java file (e.g. a servlet)?

__5. In which type of architecture you need to have more powerful computers? Is it about 
CPU, RAM, or both?

__6. You need to recycle the machines hosting the applications. In which case you will 
have a shorter application start up time? 

Part 2 - The 12-Factor App 
Go through the twelve-factor app principles [http://12factor.net] and try to see how, if at 
all, that methodology is applied in both App Architecture (Fig. 1 and Fig.2).  

For example, you can notice that the Application in Fig.1 may be hard to scale through 
the process principle (VIII) that is broken as all code is bundled together (in one bundle / 
archive).

Mind you that not all factors can be identified here, though.

Part 3 - Microservices Pros and Cons
Which of the following statements you believe may be related to microservices, and, if 
so, which ones should be viewed as being an argument in favor or against using 
microservices.  Compare/share your findings with the class, if you wish so.

1. As my app is deployed and executed in its own run-time (often in a container or a 
VM of sorts), I can get stronger process isolation properties.

2. Change cycles for different services can be more easily decoupled.  For example, 
I can re-deploy Service A without affecting Service B.

3. I have to deal with performance overhead related to inter-process communication. 

4. Deployment cycles and developer velocity are faster (due to the smaller footprint 
of the service).

5. With this type of app, I can do scaling per service / per tier.

6. My app boasts a fantastic performance and fast service interactions; it also has a 
nice and small security perimeter.

7. Now I have to deal with a considerable operational overhead (the accidental 
complexity) with more distinct moving parts that require precisely orchestrated 
deployment and distributed monitoring.

8. My application has all the required services housed in one place and they get 
deployed using a single archive.  The app is designed using the standard SOA 
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principles: its services are mapped to distinct business capabilities, the services 
are narrow, composable, and accessible through a well-defined WSDL-based web 
service interface.

9. Now it is more of a nanoservice, really.  Which is really cool, right?

10. Smaller development teams can be set up to develop and maintain the services 
which leads to faster getting-up-to-speed and development cycles.

11. Now, with this type of design, you must persist any state in a reliable external 
(e.g. caching) service. 

Part 4 - Review 
In this lab, we compared two types of application architecture: the monolith and one 
based on microservices.  
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Lab 2 - Getting Started With Node.js
In this lab we will explore how Node.js is installed and create a very simple Node.js 
application.

Part 1 - Explore the Installation
To save time Node.js is already installed for you in your desktop. Let's verify to make 
sure things are installed correctly.

__1. Open a command prompt window.

__2. Enter this command to check the version of Node.js installed.

node --version

__3. In Windows installing Node.js also installs npm the package manager. Enter this 
command to check its version.

npm --version

__4. Open file explorer. Go to C:\Program Files\nodejs folder. This is where Node.js is 
installed. This folder is added to the PATH environment variable by the installer so that 
you can run the node and npm commands from anywhere.

Part 2 - Create a Command Line Application
We will now create a very simple command line application using Node.js.

__1. Open a file browser and navigate to C:\LabFiles.

__2. In that folder create a file called hello.js

__3. Open the file using Visual Studio Code or any other editor. Visual Studio Code has 
been provided for you to use when editing code and related files. This editor includes 
excellent support for JavaScript files. That being said, feel free to use any editor that you 
are comfortable with. 
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__4. In hello.js enter this line.

console.log("Hello World!");

__5. Save the file.

__6. In the command prompt window change directory to C:\LabFiles.

cd C:\LabFiles

__7. From the command prompt enter this command to execute the program.

node hello.js

It's that simple!

Let's make things a little more interesting. How about we supply the name of the planet to 
say hello as a command line argument? In Node.js you can access the command line 
parameters using the process global variable.

__8. Change the code of your program as follows.

var planet = "World"; //Default planet
if (process.argv.length > 2) {
  planet = process.argv[2]; //3rd parameter
}
console.log("Hello %s!", planet);

__9. Save changes.

__10. Try running the program in these ways.

node hello.js
node hello.js Mars

Even though JavaScript is an interpreted language, the V8 JavaScript engine used by 
Node.js has a Just in Time compiler that can compile certain sections of your code for 
better performance.

__11. Close the editor.
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__12. Leave the command prompt open.

Part 3 - Review
In this short lab we reviewed the installation of Node.js. We also wrote a simple 
application and executed it. 

Part 4 - Optional: Execute Node.js CLI with various arguments.
In this part, you will perform various operations by using the appropriate Node.js CLI 
argument. Each step of this part is independent of each other. You can consult the 
arguments by following this URL: https://nodejs.org/api/cli.html. Solutions are provided 
at the end of this lab guide.

__1. In the previous parts of this lab, you created C:\LabFiles\hello.js script. node 
hello.js was used to execute the script. Although, the syntax errors are checked by this 
command, your goal in this part is to check for syntax errors without executing the script. 
Use the appropriate argument and pass it to the node CLI for performing the syntax 
check.

__2. Pass an appropriate argument to the node CLI for executing the following code, 
without saving the script to a file:

console.log(5 + 6)

__3. Pass an appropriate argument to the Node.js CLI for print the value of the following 
expression:

5 + 6

Solutions:
Check syntax: node --check hello.js

Execute code: node --eval "console.log(5 + 6)"

Print expression result: node --print "5 + 6"

__4. Close all.
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Lab 3 - Getting Started with Spring Boot 
In this lab, you will learn how to create, build, run, and monitor a Spring Boot 
application.

To save your time, the code for the application has already been written for you. 

To build our Spring Boot Java project, we will use the Apache Maven build tool 
(https://maven.apache.org/ ) that has already been downloaded, installed, and configured 
on your lab machine.

Part 1 - The Lab Working Directory
All the steps in this lab will be performed in the C:\Works\ directory.

__1. Start a new command prompt window and type in the following command:

cd c:\Works

Note: If the directory does not exist, create it. 

Part 2 - Set Up the Build Project
A Maven build process requires your Java projects have the standard directory structure, 
which we are going to create as the first order of business.

__1. Enter the following command:

mkdir src\main\java\lab   

__2. Enter the following command:

dir /b /s

You should see the following directory structure:

c:\Works\src
c:\Works\src\main
c:\Works\src\main\java
c:\Works\src\main\java\lab

__3. Copy the pom.xml file from the C:\LabFiles\Spring Boot\ directory to C:\Works\

Note: The pom.xml file is the Project Object Model descriptor that contains all the 
information Maven needs to know about your project (the dependencies, software 
versions, etc.)  This pom.xml has already been configured to build your Spring Boot 
application. 
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__4. Copy the LicenseOfficeController.java file from C:\LabFiles\Spring Boot\ to 
C:\Works\src\main\java\lab\

__5. Open the text editor of your choice and review the file's content, which is shown 
below for your reference:

package lab;

import java.util.concurrent.atomic.*;
import java.time.*;

import org.springframework.boot.*;
import org.springframework.boot.autoconfigure.*;
import org.springframework.stereotype.*;
import org.springframework.web.bind.annotation.*;

@SpringBootApplication
@RestController
public class LicenseOfficeController {

    private final AtomicLong buildingPermitId = new AtomicLong(999);

    @RequestMapping(value="/build-permit", method={RequestMethod.GET, RequestMethod.POST})
    public String getBuildingPermit(@RequestParam(value="ownerId", required=false, 
defaultValue="WildCat") String owner) {
        String timeStamp = LocalDate.now() + ":" + LocalTime.now() + " ";
        String permitId = "BuildingPermit-" + buildingPermitId.incrementAndGet() + "-" + 
owner;
        String response = timeStamp + permitId;
        System.out.println (response);
        return response;
    }

   public static void main(String[] args) throws Exception {
        SpringApplication.run(LicenseOfficeController.class, args);
    }
} 

Part 3 - Build the Project 
In this lab part, we are going to use the mvn command line tool shipped with Maven to 
build an executable JAR file of our Spring Boot application that you can submit for 
execution by the Java Virtual Machine (JVM).

__1. In your command prompt window, enter the following command (you should be in 
the c:\Works folder)

mvn clean package

Wait for the build process to complete and display this message:

------------------------------------------------------------------------
[INFO] BUILD SUCCESS
[INFO] 
------------------------------------------------------------------------
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__2. Enter the following command:

dir /s *.jar

In the file listing produced, look for this entry which is the executable JAR file we are 
after:

c:\Works\target\SpringBootProject-1.0.1.jar

Note: The name of the file is generated from this configuration in pom.xml:

    <artifactId>SpringBootProject</artifactId>
    <version>1.0.1</version>

__3. Enter the following command:

jar -tvf  c:\Works\target\SpringBootProject-1.0.1.jar | findstr /i Tom

In the command output, you should see the embedded Tomcat JAR files:

239734 Thu Oct 06 21:16:28 EDT 2016 BOOT-INF/lib/tomcat-embed-el-8.5.6.jar
241565 Thu Oct 06 21:16:28 EDT 2016 BOOT-INF/lib/tomcat-embed-websocket-8.5.6.jar
2990538 Thu Oct 06 21:16:26 EDT 2016 BOOT-INF/lib/tomcat-embed-core-8.5.6.jar

Part 4 - Run the Spring Boot Application 
If all the instructions were followed properly so far, you should have an executable JAR 
file of your Spring Boot application runnable from command line.

__1. Enter the following command:

java -jar  c:\Works\target\SpringBootProject-1.0.1.jar 

Look for the Tomcat web server start-up time in the command output (your timing will 
differ):

Started LicenseOfficeController in 4.331 seconds

This is one of the critical metric that you should consider for rapid provisioning of the 
HTTP web service endpoint.

Note: The LicenseOfficeController.java file contains the main method that is invoked 
by the JVM and bootstrapping the Spring Boot code.
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__2. Open your browser and navigate to http://localhost:8080/build-permit

You should see the following message on the page returned by the server (your 
timestamp will differ):

2016-11-25:13:07:02.030 BuildingPermit-1000-WildCat

Since we have not provided the ownerId, the system plugged in the WildCat default 
value for the requester.  All this is automatically handled by Spring MVC in this line:

@RequestParam(value="ownerId", required=false, defaultValue="WildCat") 

__3. Switch to the command prompt window where we started the Spring Boot 
application.

Look for this message:

...INFO 2216 --- [nio-8080-exec-1] o.s.web.servlet.DispatcherServlet
FrameworkServlet 'dispatcherServlet': initialization started

The Spring MVC framework uses the DispatcherServlet web component to accept HTTP 
client calls, identify the target end-point by matching the path and HTTP verb (GET, 
PUT, etc.) and forward the HTTP request for processing there.

__4. Switch back to your browser open on http://localhost:8080/build-permit

__5. Update the URL to http://localhost:8080/build-permit?ownerId=abc123 and 
submit request.

You should get the following server response:

2016-11-25:13:17:10.843 BuildingPermit-1001-abc123

As you can see, the @RequestParam(value="ownerId", required=false,  
defaultValue="WildCat") String owner) annotation does its job for extracting the 
ownerId query parameter and mapping it to the String owner variable. 

Part 5 - Submit a POST Request 
Our application claims to process not only GET requests but also requests submitted with 
the POST HTTP verb as indicated in this REST annotation:

 @RequestMapping(..., method={RequestMethod.GET, RequestMethod.POST})

Let's quickly verify this with the handy curl tool.
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__1. Open a new command prompt window and enter the following command in one 
line:

C:\LabFiles\curl -i -X POST -d "ownerId=u2" 
http://localhost:8080/build-permit

Our  RESTful web service should get back to your with the following response: 

HTTP/1.1 200
Content-Type: text/plain;charset=UTF-8
Content-Length: 46
Date: Fri, 25 Nov 2016 18:38:50 GMT
2016-11-25:13:38:50.427 BuildingPermit-1005-u2

Note: In the above command we instructed curl to include the HTTP response headers 
(with the -i flag).  Notice that the embedded Tomcat web container has not identified 
itself in any way – which is a good practice from the security standpoint, as a potential 
hacker would be none the wiser about the web server type and its potential vulnerabilities 
she or he would want to exploit.

Now let's see what would happen should we submit a request via an unsupported HTTP 
verb – PUT  

__2. Enter the following command:

C:\LabFiles\curl -i -X PUT -d "ownerId=u2" http://localhost:8080/build-
permit

You should get a 405 HTTP  "Method Not Allowed" error code reserved by REST 
protocol for handling such situations:

HTTP/1.1 405
Allow: GET, POST
Content-Type: application/json;charset=UTF-8
Transfer-Encoding: chunked
Date: Fri, 25 Nov 2016 18:48:05 GMT

{"timestamp":1480099685874,"status":405,"error":"Method Not 
Allowed","exception":"org.springframewor
k.web.HttpRequestMethodNotSupportedException","message":"Request method 
'PUT' not supported","path":
"/build-permit"}

__3. Keep this command prompt window open.
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Part 6 - Use JMX Console to Get Run-time Metrics
In this lab part, you are going to use the Java Management Extension tool bundled with 
the recent Java Development Kit (JDK) versions for the purposes of collecting vital run-
time metrics of Java applications which you can also use for checking applications' 
health. 

__1. In the command prompt window you used for running curl, enter the following 
command:

jvisualvm.exe

The Java VisualVM console should open.

__2. Double-click the org.springframework.boot.loader.JarLauncher (pid xxxx) entry 
under the Local node.

The run-time metrics dashboard of the selected process should open in the Overview tab.

__3. Click the Monitor tab.

You should see all the process vitals: CPU usage, Heap load, etc. captured and displayed 
dynamically:
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The Heap section of the Monitor pane is the place to monitor for any memory leaks  – 
situations when the Garbage Collector tool (GC ) is not able to reclaim the memory over 
a long period of time – that you may have.

Take some time to familiarize yourself with the Java VisualVM tool.  See if you can 
answer this questions: How many threads are allocated by Spring Boot (more 
specifically, by embedded Tomcat) to process client requests (the name of such a thread 
should be http-nio-xxxxx and most of them, if not all, should be in the Park state.) 

If you find yourself on the Threads tab, feel free to click the Tread Dump button and 
observe the stack traces (the active stack frames) of all the threads in a new tab that 
would open.  It might give you some additional insights. 

__4. When you are done, click the x icon in the 
org.springframework.boot.loader.JarLauncher tab (it should be next to the Start Page 
tab).

__5. Close the Java VisualVM application.

__6. Keep this command prompt window running.
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Part 7 - Change Port 
By default, Spring Boot web applications, when started, listen on port 8080 (the default 
port used by Tomcat).  Sometimes you may want to change it to prevent port conflicts or 
for other such reasons.  Let's change the default port 8080 to another value, say, 18080.

__1.  Switch to the command prompt window where you are running the application (you 
should be in the c:\Works directory), press Ctrl-C to stop it . 

__2. Enter the following command:

java -jar  -Dserver.port=18080 c:\Works\target\SpringBootProject-1.0.1.jar

In the diagnostic messages printed out to the console, locate this line confirming that the 
change took effect as intended:

Tomcat initialized with port(s): 18080 (http)

__3. Switch to the command prompt window where you ran curl and the Java VisualVM 
application. 

__4. Enter the following command (use the arrow keys, or use the F7 selector to retrieve 
the command from the command history):

C:\LabFiles\curl -i -X POST -d "ownerId=u2" 
http://localhost:8080/build-permit

You should get 

Failed to connect to localhost port 8080: Connection refused

__5. Correct the port in the above curl command (it should be 18080 now) and re-submit 
the request. 

C:\LabFiles\curl -i -X POST -d "ownerId=u2" 
http://localhost:18080/build-permit

You should be able to go through now.  

__6.  Switch to the command prompt window where you are running the application 
(your should be in the c:\Works directory), press Ctrl-C to stop it. 
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Part 8 - Refactor the Application
Our LicenseOfficeController application has both the RESTful web service code written 
as per Spring MVC API and the bootstrapping code as per the Spring Boot framework. 
While it may be OK for quick prototypes, it may become a maintenance problem as your 
application becomes larger with more RESTful end-points added.

Let's refactor our code such that we will have two separate modules: a bootstrapping 
module (with the main method), named LicenseOfficeRunner,  and a RESTful web 
service module, named LicenseOfficeController (named as the current module). 

__1. In your text editor open on the LicenseOfficeController.java file, apply the following 
changes:

1. Comment out the main method
2. Comment out the @SpringBootApplication annotation 

The updated sections of the LicenseOfficeController.java file are shown in bold font 
below:

...
//@SpringBootApplication
@RestController
public class LicenseOfficeController {
...
/*
   public static void main(String[] args) throws Exception {
        SpringApplication.run(LicenseOfficeController.class, args);
    }
*/
...

After you have removed the Spring Boot-specific bootstrapping code, the module 
becomes a regular Spring MVC module, which is easier to maintain and extend by 
adding new methods to handle user requests.  

__2. Save the file.

__3. Now save the LicenseOfficeController.java file as LicenseOfficeRunner.java (it 
should be saved in the same directory as LicenseOfficeRunner.java).
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__4. Edit the LicenseOfficeRunner.java file as follows:

1. Remove the getBuildingPermit() method   
2. Uncomment the main method
3. Uncomment the @SpringBootApplication annotation  
4. Remove the AtomicLong var
5. Remove the RestController annotation
6. Rename the class

Now your updated code should look as such:

package lab;

import java.util.concurrent.atomic.*;
import java.time.*;

import org.springframework.boot.*;
import org.springframework.boot.autoconfigure.*;
import org.springframework.stereotype.*;
import org.springframework.web.bind.annotation.*;

@SpringBootApplication
public class LicenseOfficeRunner {
    public static void main(String[] args) throws Exception {
        SpringApplication.run(LicenseOfficeRunner.class, args);
    }
}

__5. Make sure you replace this line:

    SpringApplication.run(LicenseOfficeController.class, args);

 with that one:

    SpringApplication.run(LicenseOfficeRunner.class, args);

After our refactoring exercise, we, overall, have a better structure of our application as 
you can now add more methods that serve RESTful endpoints and more separate modules 
to your application as may be required. 

__6. Save the file.

Copyright 2019 Web Age Solutions Inc. 19

EVALU
ATIO

N O
NLY



__7. In your command prompt window where you ran the application, enter the following 
command (you should be in the c:\Works folder)

mvn clean package

The system will go ahead and compile two files:

BOOT-INF/classes/lab/LicenseOfficeController.class
BOOT-INF/classes/lab/LicenseOfficeRunner.class

and will build the application JAR file.

__8. Enter the following command to start the refactored Spring Boot application:

java -jar c:\Works\target\SpringBootProject-1.0.1.jar

Spring Boot will correctly identity the LicenseOfficeRunner class with the main method 
that bootstraps our application. 

[           main] lab.LicenseOfficeRunner
Started LicenseOfficeRunner in 4.157 seconds (JVM running for 4.805)

__9. Switch to the command prompt window where you ran curl and issue this command 
(in one line):

C:\LabFiles\curl -X GET http://localhost:8080/build-permit

You should get the expected server response:

... BuildingPermit-1000-WildCat

Part 9 - Working Area Clean-up
We are almost done in the lab.  Time for doing some clean-up. 

__1. Close all files opened in your text editor; close the text editor.

__2. In the command prompt window where you run the Spring Boot application, press 
Ctrl-C to stop the web server.

__3. Close the open command prompt windows. 

__4. Close the browser.
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Part 10 - Review
In this lab, you learned how to create, build, run, and monitor a Spring Boot application. 
We used a number of tools to do that: Maven for building the executable JAR file of our 
application, the Java VisualVM tool for application monitoring at run-time, and the curl 
tool as a REST web service client. 
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	__5.  Close the Java VisualVM application.
	__6.  Keep this command prompt window running.

	Part 7 -  Change Port 
	__1.   Switch to the command prompt window where you are running the application (you should be in the c:\Works directory), press Ctrl-C to stop it . 
	__2.  Enter the following command:
	__3.  Switch to the command prompt window where you ran curl and the Java VisualVM application. 
	__4.  Enter the following command (use the arrow keys, or use the F7 selector to retrieve the command from the command history):
	__5.  Correct the port in the above curl command (it should be 18080 now) and re-submit the request. 
	__6.   Switch to the command prompt window where you are running the application (your should be in the c:\Works directory), press Ctrl-C to stop it. 

	Part 8 -  Refactor the Application
	__1.  In your text editor open on the LicenseOfficeController.java file, apply the following changes:
	__2.  Save the file.
	__3.  Now save the LicenseOfficeController.java file as LicenseOfficeRunner.java (it should be saved in the same directory as LicenseOfficeRunner.java).
	__4.  Edit the LicenseOfficeRunner.java file as follows:
	__5.  Make sure you replace this line:
	__6.  Save the file.
	__7.  In your command prompt window where you ran the application, enter the following command (you should be in the c:\Works folder)
	__8.  Enter the following command to start the refactored Spring Boot application:
	__9.  Switch to the command prompt window where you ran curl and issue this command (in one line):

	Part 9 -  Working Area Clean-up
	__1.  Close all files opened in your text editor; close the text editor.
	__2.  In the command prompt window where you run the Spring Boot application, press Ctrl-C to stop the web server.
	__3.  Close the open command prompt windows. 
	__4.  Close the browser.

	Part 10 -  Review

	Lab 4 -  Enable Basic Security
	Part 1 -  Import the Starter Project
	__1.  Open the C:\Software\eclipse folder.
	__2.  Run eclipse.exe 
	__3.  Select C:\Workspace and click OK.
	__4.  Close the Welcome page.
	__5.  From Eclipse's main menu, click File →  Import and then select General →  Existing Projects into Workspace, and then click Next.
	__6.  Click the radio button for Select archive file:
	__7.  Click the Browse button and navigate to select C:\LabFiles\Spring-Boot-Basic-Security\Spring-Boot-Basic-Security-Starter.zip and then click Open.
	__8.  On the Import dialog, leave the defaults as-is and click Finish.

	Part 2 -  Enable Security
	__1.  In the Project Explorer, locate 'pom.xml' and double-click on it to open the file. When the editor opens, click on the 'pom.xml' tab at the bottom of the editor panel to view the plain xml.
	__2.  Add the following dependency element just before the closing </dependencies> tag:
	__3.  Save and close the file.

	Part 3 -  Configure the User Password
	__1.  In the Project Explorer, locate the node for 'src/main/resources'.
	__2.  Right-click on 'src/main/resources' and then select New->  Other, and select General →  File in the dialog and click Next.
	__3.  Enter 'application.properties' as the file name and click Finish.
	__4.  In the new file, enter the following line:
	__5.  Save and close the file.

	Part 4 -  Build and Test
	__1.  Right click spring-boot-basic-security and select Maven → Update Project.
	__2.  Make sure spring-boot-basic-security is selected and click OK.
	__3.  Right click on the spring-boot-basic-security project and select Run as → Maven install to Run a Maven install and ensure that there are no errors. You may need to run the Maven Install two times to get the Build Success message.
	__4.  Expand src/main/java and then right click on 'App.java' and select Run as → Java Application to startup the server on the spring-boot-basic-security project.
	__5.  Open a browser and navigate to 'localhost:8080'.
	__6.  You will be prompted for a user name and password.  
	__7.  Enter 'user' as the username and 'Pa$$w0rd' as the password and then click Sign in.
	__8.  Do not save the password.
	__9.  Close the browser.
	__10.  Stop 'App.java' by clicking on the red stop button.
	__11.  Click Remove All Terminated Launches.
	__12.  Close all open files.
	__13.  Close eclipse.

	Part 5 -  Review

	Lab 5 -  Using AWS Lambda
	Part 1 -  Log In to AWS Management Console
	__1.  Open your browser and sign in to the AWS Management Console.
	__2.  Make sure you are in the Oregon region.

	Part 2 -  Create a DynamoDB Table 
	__1.  In the AWS Management Console, search for and select DynamoDB.
	__2.  Click Create table.
	__3.  For Table name, enter tbl-{Your User Name}, e.g. tbl-SX
	__4.  For Primary key (Partition key), enter PK; keep String for its type.
	__5.  Keep other defaults and click Create.
	__6.  Click the Tables link in the left-hand navigation bar.
	__7.  Select the newly created table.
	__8.  In the Overview tab, check the table's Amazon Resource Name (ARN):	
	__9.  Click the Items tabs.

	Part 3 -  Create a Lambda Role and a Policy
	__1.  Duplicate the browser tab.
	__2.  Navigate to the IAM service.
	__3.  Click Policies in the left-hand side navigation bar.
	__4.  Click Create policy.
	__5.  Click the JSON tab in the Create Your Own Policy section.
	__6.  Open a new browser tab and navigate to: 
	__7.  Copy the policy text to the clipboard.
	__8.  Go back to the IAM tab and paste the contents of the clipboard in the JSON window.
	__9.  Click Review Policy.
	__10.  Enter the information for name and description as shown below, replacing “GHN” with your student number or initials.
	__11.   Click Create Policy.
	__12.  Now, click Roles in the left-hand side navigation bar.
	__13.  Click Create Role.
	__14.  Click to select in the Lambda. 
	__15.  Click Next:Permissions.
	__16.  In the Attach permissions policy page, search for your policy by typing policy-lambda, and then check the box next to it.
	__17.  Click Next:Tags. 
	__18.  In the Add Tags page just click Next:Review
	__19.  For Role name, enter role-lambda-{Your User Name}
	__20.  For Role Description enter George Joy of Lambda Role
	__21.  Click Create role. 

	Part 4 -  Create a Lambda Function 
	__1.  Duplicate the browser tab.  We will refer to the new tab as the Lambda tab.
	__2.  In the Lambda browser tab, click Services in the upper left corner and locate Lambda.
	__3.  In the AWS Lambda page, click Get Started Now, or Create a Lambda function or Create a function, depending on the previous user activities.   
	__4.  Click Use a blueprint.
	__5.  Search for dynamodb-process-stream-python
	__6.  Click the link for dynamodb-process-stream-python with python3.7 runtime support.
	__7.  In the Basic Information section, enter the following information:
	__8.   In the DynamoDB trigger section, use the following values: 
	__9.  Click Create function.
	__10.  In the Function code section:
	__11.  Click Save. 
	__12.  Switch to the DynamoDB tab.
	__13.  Click the Triggers tab.
	__14.  Click the Refresh button.

	Part 5 -  Generating a Key Pair in the Management Console 
	__1.  Duplicate your tab. We are going to call this tab as Key Pairs.
	__2.  Click the Console Home icon and search for and select EC2.
	__3.  In the left-hand side navigation pane, scroll down until you see the Network & Security section, and click the Key Pairs link there.
	__4.  Click the Create Key Pair button. 
	__5.  In the Create Key Pair dialog that opens, for the Key pair name, enter your user name (e.g. S7).
	__6.  Click the Create button.
	__7.  Click the Create Key Pair button. 
	__8.  In the Create Key Pair dialog that opens, for the Key pair name, enter your user name (e.g. S7).
	__9.  Click the Create button.
	__10.  Locate and open the downloaded pem file in your text editor, the file should be in Downloads folder.
	__11.  Close the text editor.
	__12.  Create a folder c:\LabFiles\Keys\ on your file system. 
	__13.  Copy the pem file from your browser's downloaded files directory to the c:\LabFiles\Keys\ folder for ease of access.

	Part 6 -  Convert Your Private Key Using PuTTYgen
	__1.  Using Windows Explorer, open the c:\Software\PuTTY\ directory and start PuTTYgen (PUTTYGEN.EXE).
	__2.  In the Parameters section of the PuTTY Key Generator window that opens, click the SSH-1 RSA (or SSH-2 RSA depending on your version of PuTTY) radio button and enter 1024 in the Number of bits in a generation key text box.  
	__3.  Click the Load button.
	__4.  Navigate to the C:\LabFile\Keys folder and select All Files (*.*) in the file types drop-down box; select your pem file.
	__5.  Click the Open button.
	__6.  In the PuTTYGen notice dialog that opens (text in your dialog may slightly differ), click OK.
	__7.  Click the Save private key button in the PuTTY Key Generator window. 
	__8.  In the PuTTY warning dialog that opens, click Yes.
	__9.   Save the file under the same name as your pem file, but now with the extension ppk.
	__10.  Close the PuTTY Key Generator window.  

	Part 7 -  Create an EC2 Instance
	__1.  Open the AWS Management Console in a new tab. 
	__2.  Make sure you are in the Oregon region.
	__3.  Search for and select EC2 (Virtual Servers in the Cloud)
	__4.  Click Instances in the left-hand navigation pane.
	__5.  If you see any instance with your name then select the instance named after your user name (shown as SX below), click the Actions button and select Instance State | Terminate  
	__6.  Click the Launch Instance button at the top of the page.
	__7.  Click the Select button for the item listed on top to choose the Amazon Linux AMI below.
	__8.  Click the check box to the left on the list to choose the t2.micro type. 
	__9.  Click Next: Configure Instance Details.
	__10.  Click the Review and Launch button at the bottom of the page. 
	__11.  Click the Launch button at the bottom of the page.
	__12.  Select the Choose an existing key pair option in the first drop-down box and the key pair you generated in one of the previous labs and identified by your user name (SX, in this example); and check the I acknowledge … box to confirm that you have the private key.
	__13.  Click the Launch Instances button in the bottom right corner of the page.
	__14.  Write down the EC2 instance name shown at the top of the page.
	__15.  Click the View Instances button in the bottom right corner of the page.
	__16.  Click the Name area, which is currently blank, and enter your user name (e.g. S4). 
	__17.  First, check the Security groups by clicking the associated link in the Description tab of the instance details page section (your security group link may have a different name).
	__18.  On the Inbound tab of the details page section of the security group you clicked,  you can see that the SSH port 22 is (in the Inbound tab), in fact, open.
	__19.  Click on the Instances page, notice that the instance has been assigned a public IP address and a public DNS name.  Note that after you restart the instance, the instance will receive a new IP address and a new DNS name, so those values are not static.
	__20.  On you student machine, open a command prompt terminal window and type in the following command: 
	nslookup <YOUR INSTANCE PUBLIC DNS NAME>
	 e.g. 
	__21.  Write down or remember the public IP address – you will use it when connecting to the instance over SSH. 
	__22.  Wait to continue until the instance state is as shown below:

	Part 8 -  Connect to Your EC2 Instance Using PuTTY
	__1.  Using Windows Explorer, navigate to the C:\Software\PuTTY folder and double-click PUTTY.EXE   
	__2.  In the PuTTY window that opens, make sure that the Connection type is set to SSH and the port is 22: 
	__3.  In the Host Name (or IP address) input box, enter the public IP address you captured in the previous lab part.
	__4.  In the Category pane, navigate to Connection | SSH | Auth.
	__5.  Click Browse and select the ppk file that you generated from the pem file in one of the previous parts (the S1.ppk file is shown below for illustration).
	__6.  Go back to Session.
	__7.  Click Open.
	__8.  In the PuTTY Security Alert dialog that pops up, click Yes to confirm that you trust the target host. 
	__9.  A windows will open asking for login. Enter ec2-user and hit enter.

	Part 9 -  Use AWS CLI to Insert Data into DynamoDB
	__1.  Get the file from the class remote repository using this command:  
	__2.  Open the file in a text editor 
	__3.  Replace the tbl-SX token at the beginning of the file with your own, e.g. tbl-S4
	__4.  Save changes. CTRL + o and hit Enter.
	__5.  Close the file. CTRL + x
	__6.  Enter the following command:
	__7.  Enter the AWS Access Key ID that the instructor provide to you.
	__8.  Enter the AWS Secret Access Key that the instructor provide to you.
	__9.  Click Enter for Default region name.
	__10.  Click Enter for Default output format.
	__11.  Now enter the following command (in one line) specifying the region your DynamoDB table was created (us-west-2 is shown below):
	__12.  Switch to your browser and go to the DynamoDB tab.
	__13.  Click Items tab. 
	__14.  Click the Refresh button in the upper right corner of the page and click Start search.
	__15.  Click the Lambda browser tab and click the Monitoring tab.
	__16.  Change the Refresh time to 1h and click the Refresh button.

	Part 10 -  Workspace Clean-up 
	__1.  Close the PuTTY terminal.
	__2.  Switch to the DynamoDB browser tab and click Tables.
	__3.  Select your table and click Delete table.
	__4.  In the Delete table popup, keep the Delete all CloudWatch alarms for this table checked and click Delete.
	__5.  Click Close in the message that appears.
	__6.  Switch to the Lambda browser tab and delete your Lambda function by selecting Actions > Delete function.
	__7.  Confirm the Delete operation.
	__8.  Select the IAM tab.
	__9.  In the left menu, select Roles.
	__10.  Locate and select the role that you created, and then click Delete Role.
	__11.  Confirm the Delete action.
	__12.  In the left menu, select Policies.
	__13.  Search for and select your policy, and then from the drop-down click Policy actions → Delete. 
	__14.  Confirm the Delete action.
	__15.  Switch to the KeyPairs browser tab.
	__16.  Select your Key pair and click Delete. 
	__17.  Switch to the EC2 browser tab.
	__18.  Right click your instance and select Instance State → Terminate.
	__19.  Confirm the Terminate action.
	__20.  Sign out from the AWS Management Console.
	__21.  Close the browser.
	__22.  Close all.

	Part 11 -  Review 

	Lab 6 -  Angular Communication with REST Services
	Part 1 -  Business Requirements
	Part 2 -  Install Angular CLI
	__1.  First, run these commands to make sure Node.js is installed correctly. Open a command prompt window and enter:
	__2.  Run this command to install Angular CLI.
	__3.  It should take a few minutes to install the tool. After installation finishes enter this command to verify everything is OK.

	Part 3 -  Get Started
	__1.  In the command prompt window, change to the C:\LabWork folder. Create the folder if it hasn't been created.
	__2.  Run this command to create a new project called rest-client.

	Part 4 -  Import Additional Modules
	__1.  Open C:\LabWork\rest-client\src\app\app.module.ts using your favorite editor.
	__2.  Add these import statements.
	__3.  Import the modules as shown in bold face below (remember the comma).
	__4.  Save changes.

	Part 5 -  Create the Service
	__1.  Go back to the command prompt window and change to the rest-client project.
	__2.  Run this command.
	__3.  Open C:\LabWork\rest-client\src\app\data.service.ts
	__4.  Add these import statements.
	__5.  Add the Book class like this.
	__6.  In the constructor of the DataService class inject the HttpClient service.
	__7.  Save changes.
	__8.  Add the 'getBooks' method to the DataService class as follows.
	__9.  Add the 'getBook' method.
	__10.  Add the deleteBook() method as follows.
	__11.  Add the 'saveBook' method as follows. We will use this to both add and update a book.
	__12.  Save changes.

	Part 6 -  Generate the Components
	__1.  Run these commands to create a component for each page in our application.

	Part 7 -  Setup the Route Table
	__1.  Open app-routing.module.ts
	__2.  Import the component class names.
	__3.  Setup the route table as shown in bold face below.
	__4.  Save changes.
	__5.  Open src/app/app.component.html
	__6.  Delete all lines except for the last one. All that will be left is this.
	__7.  Save changes.

	Part 8 -  Write the BookListComponent
	__1.  Open src/app/book-list/book-list.component.ts
	__2.  Add this import statement.
	__3.  Inject the service from the constructor.
	__4.  Add a member variable to the class that will store the list of books.
	__5.  From the ngOnInit() method fetch the books as shown in bold face below.
	__6.  Save changes.
	__7.  Open book-list.component.html
	__8.  Set the contents of the file like this.
	__9.  Save changes.

	Part 9 -  Setup Reverse Proxy
	__1.  Copy the file:
	__2.  Edit the package.json file from C:\LabWork\rest-client\, replace the start line in the scripts section with the following and save the file:
	__3.  Save changes.

	Part 10 -  Start the Servers
	__1.  The backend web service is available in the C:\LabFiles\rest-server directory. It is written in Node.js. But in real life the backend web service can be written in anything. To start it open a command prompt and navigate to the C:\LabFiles\rest-server directory. 
	__2.  Then execute the following command:
	__3.  To start the Angular application server, switch to the command prompt on C:\LabWork\rest-client. 
	__4.  From that directory run the following command to compile Typescript and start the embedded server:
	__5.  Test to make sure the REST server is working by opening a browser and entering the following address:
	__6.  Next test to make sure that the reverse proxy configuration for the REST server is working by opening a new tab and entering this address:
	__7.  Finally check to see that the Angular application is coming up by opening the following URL in the browser:

	Part 11 -  Implement Book Removal
	__1.  Open src/app/book-list/book-list.component.ts
	__2.  Add the deleteBook() method like this.
	__3.  Save changes.
	__4.  Open book-list.component.html
	__5.  Add a DELETE button as shown in bold face.
	__6.  Save changes.
	__7.  Return to the browser.  It should still display the same list of books.
	__8.  Click on the 'DELETE' button next to one of the entries in the list and then click on the 'OK' button on the confirmation dialog to confirm you want to delete the item.
	__9.  Refresh the page to make sure the book is removed from the list by the backend service.

	Part 12 -  Implement AddBookComponent
	__1.  Open src/app/add-book/add-book.component.ts
	__2.  Add these import statements.
	__3.  Inject the services from the constructor.
	__4.  Add a member variable to the class that will store user's input for a book.
	__5.  Write in the addBook() method like this.
	__6.  Save changes.
	__7.  Open src/app/add-book/add-book.component.html
	__8.  Develop the form like this.
	__9.  Save changes.
	__10.  Open src/app/book-list/book-list.component.html
	__11.  Add a button to go to the add book form as shown in bold face below.
	__12.  Save changes.
	__13.  Return to the command prompt running the project and check that the files are compiled without any errors.

	Part 13 -  Test Changes
	__1.  Return to the browser and refresh the main URL of the application.  It should still display the same list of books.
	__2.  Click on the 'Add a Book' button.
	__3.  Enter some data like this.
	__4.  Click the 'Save' button to submit the data.
	__5.  Verify that the book list page is shown again with the newly added book in the list.
	__6.  Add a few books. Use the browser's network developer tool to verify that only Ajax (XHR) requests are taking place. There should be no page reload (document load) in a single page application.

	Part 14 -  Implement EditBookComponent
	__1.  Open src/app/edit-book/edit-book.component.ts
	__2.  Add these import statements.
	__3.  Inject the services from the constructor.
	__4.  Add a member variable to the class that will store information about the book we are editing.
	__5.  Write the ngOnInit() method as shown in bold face below.
	__6.  Write in the updateBook() method like this.
	__7.  Save changes.
	__8.  Open src/app/edit-book/edit-book.component.html
	__9.  Develop the form like this.
	__10.  Save changes.
	__11.  Open src/app/book-list/book-lit.component.html
	__12.  Add the EDIT button below the DELETE button as shown in bold face.
	__13.  Save changes.

	Part 15 -  Test
	__1.  Back in the browser you should now see the EDIT button for each book.
	__2.  Click the EDIT button.
	__3.  Verify that the form is pre-populated with the book's data.
	__4.  Change the title and the price and click Save.
	__5.  Verify that the changes are reflected in the book list.

	Part 16 -  Clean up
	__1.  In the REST Server Application command prompt press 'CTRL-C' to stop the server.
	__2.  Hit Control+C to close the Angular dev server.
	__3.  Close all open text editors and browser windows.

	Part 17 -  Review

	Lab 7 -  Getting Started with Docker
	Part 1 -  Setting the Stage 
	__1.  Open a new Terminal window by clicking Applications > Terminal.
	__2.  Switch the logged-in user to root:
	__3.  Enter the following command:
	__4.  Enter the following command:
	__5.  Get directory listing:

	Part 2 -  Learning the Docker Command-line
	__1.  Run the following command:
	__2.  Navigate through the scrollable output using your arrow keys and review Docker's commands. 
	__3.  Enter q to exit.
	__4.  You can get command-specific help by using the --help flag added to the commands invocation line, e.g. to list containers created by Docker (the command is called ps), use the following command:

	Part 3 -  Run the "Hello World!" Command on Docker 
	__1.  Enter the following command:
	__2.  Enter the following command:

	Part 4 -  List and Delete Container 
	__1.  Open a new terminal, expand it width wise (horizontally) to capture the output of the docker ps command we are going to run into it.  Also make sure it does not completely overlap the original terminal window.
	__2.  In the new terminal (T2) become root (use the sudo -i command).
	__3.  Change to the ~/Works directory:
	__4.  Enter the following command:
	__5.  To see a list of all containers, whether active or inactive, run the following command: 
	__6.  Switch to the original terminal window (T1).                       
	__7.  Enter the following command and replace the container id with the one from T2:
	__8.  Switch to the T2 terminal.
	__9.  Enter the following command:

	Part 5 -  Working with Containers
	__1.  Switch to the T1 terminal.
	__2.  Enter the following command:
	__3.  Enter the following command to stop the container and exit out to the host OS:
	__4.  Enter the following command to see the containers:
	__5.  Enter the following command to restart the container:
	__6.  Connect to the container:
	__7.  Enter the following command:
	__8.  Enter the following command:
	__9.  Enter the following command:

	Part 6 -  Create a Custom Image
	__1.  Enter the following command providing your container id (aed47e954acd, in our case):
	__2.  Enter the following command:
	__3.  Enter the following command:
	__4.  Enter the following command at the container prompt:

	Part 7 -  Workspace Clean-Up
	__1.  Enter the following command:
	__2.  Enter the following command for every listed container id: 
	__3.  Verify there are no docker containers:
	__4.  Remove the my_server:v1.0 image we created and persisted in our local image repository:
	__5.  Verify your image has gone:

	Part 8 -  Create a Dockerfile for Building a Custom Image
	__1.  In the terminal, type following command to create Dockerfile:
	__2.  Type in following code:
	__3.  Click Save button.
	__4.  Close gedit. You will see some errors on the Terminal, ignore them.
	__5.  Type ls and verify your new file is there.
	__6.  Run following command to build a custom image:

	Part 9 -  Verify the Custom Image
	__1.  In the terminal, run following command to verify the custom image exists:
	__2.  Create a container based on the above image and connect to it:
	__3.  Switch to the root directory in the container: 
	__4.  Get the directory list:
	__5.  Execute the jar file:
	__6.  Exit out from the container to the command prompt:
	__7.  Get active docker container list:
	__8.  Get list of all docker containers:

	Part 10 -  Working with a Docker Volume
	__1.  Create a volume:
	__2.  Create a container and mount it in the container:
	__3.  View mount point in container: (it will show /world directory)
	__4.  Create a file in the volume:
	__5.  Exit out of the container: 
	__6.  Destroy the container: (Note: Make a note of the ID of your container and substitute it below)
	__7.  Create another container and attach the volume as a mount point:
	__8.  View mount point in container: (it will show /world directory)
	__9.  View contents of the file:
	__10.  Exit out of the container :
	__11.  View all volumes:

	Part 11 -  Cleanup Docker
	__1.  In the terminal, run following to get list of all containers:
	__2.  In case, if there are any containers, stop (if running) and remove them by running following commands. Don't remove the ones you haven't created yourself in this lab:
	__3.  Get list of all docker containers. It should be empty:
	__4.  Delete the volume:
	__5.  Get docker image list:
	__6.  Remove all images that you created by executing following command:
	__7.  Make sure your image has been deleted:
	__8.  In each Terminal type exit and then close the Terminal window.

	Part 12 -  Review

	Lab 8 -  Getting Started with Kubernetes
	Part 1 -  Setting the Stage 
	__1.  Open a new Terminal window by clicking Applications > Terminal.
	__2.  Switch the logged-in user to root: 
	__3.  Enter the following command:

	Part 2 -  Ensure you can run minikube and kubectl
	__1.  Add /usr/local/bin to the path environment variable:
	__2.  Verify you can execute minikube:
	__3.  Get minikube help:
	__4.  Verify you can execute kubectl and also obtain Kubernetes version:
	__5.  Find out if this version of minikube supports the installed version of Kubernetes:
	__6.  Get Kubernetes cluster information:

	Part 3 -  Start the Cluster
	__1.  Run following command to start a cluster:
	__2.  Wait until it switches back to the terminal.
	__3.  Switch back to the terminal and run following command:
	__4.  Run following command to obtain the cluster IP address:

	Part 4 -  View Kubernetes Dashboard
	__1.  In the terminal, run following command to view the dashboard URL:
	__2.  It will open Firefox web browser and show the Kubernetes page. It may look different that below:
	__3.  On left side of the dashboard, click Nodes.
	__4.  Open a new terminal by clicking Applications > Terminal.
	__5.  Switch the logged-in user to root: 
	__6.  Enter wasadmin as password.
	__7.  In the terminal, run following commands to view nodes:

	Part 5 -  Create a Container 
	__1.  Run following command:
	__2.  Run following command to view pod list:
	__3.   Switch to the Firefox window, where dashboard is open, and click Pods on left side of the page.

	Part 6 -  View Logs and Details
	__1.  On the dashboard, click my-web-server-### pod.
	__2.  Make a note of the pod name under Details on the dashboard.
	__3.  In the terminal run following command to view pod details:
	__4.  Run following command to view node details:
	__5.  On the dashboard, click Pods on left side of the page, then click the Logs icon next to the pod. 
	__6.  Close the tab where the log is displayed and go back to the tab where the dashboard is open.

	Part 7 -  Expose a Service
	__1.  In the terminal, run following command:
	__2.  In the Firefox web browser tab where dashboard is open, click Services on left side of the page.
	__3.  In the terminal run following command to view the exposed services:
	__4.  View my-web-server service details:
	__5.  In the terminal, run following command to access the service's public IP address:
	__6.  Ctrl+Click the URL in the terminal. It will launch the page in Firefox web browser. 
	__7.  On the dashboard, click Services, then click your service, and click Log icon next to the service. 
	__8.  Make a note of the full service name, as shown in the above picture.
	__9.  In the terminal run following command:

	Part 8 -  Scaling the Services
	__1.  In the terminal, run following command:
	__2.  Run following command to scale the service:
	__3.  Run following command to get the service instance count:
	__4.  On the dashboard page, in the web browser, click Deployments on left side of the page.
	__5.  On the dashboard page, click Services on left side of the page, then click my-web-server service.
	__6.  On left side of the page, click Pods.

	Part 9 -  Stop and Delete the Cluster 
	__1.  In the terminal, run following command to stop the cluster:
	__2.  Run following command to delete the cluster: 
	__3.  Close all open browsers.
	__4.  Type exit in each Terminal and then close it.

	Part 10 -  Review

	Lab 9 -  CI/CD with Jenkins, Docker, and OpenShift
	Part 1 -  Setting the Stage 
	__1.  Open a new Terminal window by clicking Applications > Terminal.
	__2.  Switch the logged-in user to root: 
	__3.  Enter the following command:
	__4.  Switch to the home directory:

	Part 2 -  Connect to OpenShift
	__1.  Enter these commands to disable security:
	__2.  Enter these commands to ensure an IP address is assigned to the machine:
	__3.  Enter the following command to start Docker 
	__4.  Start OpenShift.
	__5.  Find the user you are connected to OpenShift Origin as:
	__6.  Let's connect as system:admin account
	__7.  Verify you are connected as system:admin
	__8.  Get projects list:
	__9.  Make myproject the active project: 
	__10.  Get status:

	Part 3 -  Create a Node.js Application 
	__1.  In the terminal, run the following command:
	__2.  Switch to the directory:
	__3.  Initialize a new node application:
	__4.  Press Enter key to use the default value for each option, at the end enter yes and hit Enter.
	__5.  Download express node module:
	__6.  Create index.js file:
	__7.  Enter the following code:
	__8.  Click the Save button to save the file. 
	__9.  Close gedit.
	__10.  Run the service: 
	__11.  Open Firefox web browser and enter the following URL in a new tab:
	__12.  Now stop the command by pressing CTRL+C.
	__13.  Close the tab in the browser.

	Part 4 -  Create a Docker Image
	__1.  Ensure you are under /var/lib/jenkins/repos/hello-node directory:
	__2.  Create Dockerfile:
	__3.  Enter the following text (Note: To save time, you can skip the comments with # in front of them. They do contain some important instructions which you must perform):
	__4.  Save the file and close gedit.
	__5.  Create a .dockerignore file:
	__6.  Enter the following text:
	__7.  Save the file and close gedit.
	__8.  Run the following command to build a custom image: 
	__9.  After the above command completes, verify the custom image exists:

	Part 5 -  Check in the code into Git repository
	__1.  Ensure you are under /var/lib/jenkins/repos/hello-node directory:
	__2.  Create .gitignore file: 
	__3.  Enter the following text:
	__4.  Save the file and close gedit.
	__5.  Initialize a Git repository:
	__6.  Stage changed files:
	__7.  Run the following commands:
	__8.  Commit the changes: 

	Part 6 -  Manually Deploy the Custom Image and Verify the Service 
	__1.  Set myproject as the active project: 
	__2.  Create a new application by deploying your custom docker image: 
	__3.  Get status:
	__4.  Get pod list:
	__5.  Open a web browser and enter the following URL:
	__6.  Login with developer/developer credentials.
	__7.  In the web browser, click My Project.
	__8.  Click Overview on the left side of the page.

	Part 7 -  Expose node-app Service and Access it
	__1.  In the terminal, run the following command to see service details. 
	__2.  In the web browser, on the left side of the page, click Applications > Services.
	__3.  Click the node-app service.
	__4.  In the terminal, run the following command to expose the service:
	__5.  In the web browser, notice that hostname is available. It means the service the now exposed.
	__6.  Right-click the URL under HostName and click Open in new tab; then click the new tab.
	__7.  Keep the tab open. Later lab instructions will refer to it as "Hello Node Tab".

	Part 8 -  Connect to Jenkins and Configure it
	__1.  Open a new tab in the web browser and enter the following URL:
	__2.  Enter the following credentials to log in:
	__3.  On the left side of the page, click Manage Jenkins.
	__4.  Scroll down and click Configure System.
	__5.  Under Global properties, select the checkbox in front of Environment variables.
	__6.  Click Add button.
	__7.  Add a new environment variable with the following values:
	__8.  Click Save button.

	Part 9 -  Create a New Jenkins Job
	__1.  On the left side of the Jenkins home page, click New Item.
	__2.  Enter CI-CD as the job name.
	__3.  Select Freestyle project type.
	__4.  Click OK button.
	__5.  Under Source Code Management select Git.
	__6.  In Repository URL enter the following location and then hit Tab.
	__7.  Click the Apply button.
	__8.  Under Build Triggers, select Poll SCM and enter the following Schedule:
	__9.  Click Apply button.
	__10.  Under Build, click Add build step and select Execute shell.
	__11.  Enter the following in Command text box:
	__12.  Click Save button.

	Part 10 -  Test Jenkins CI/CD Job
	__1.  In the terminal you are located under /var/lib/jenkins/repos/hello-node directory.
	__2.  Edit index.js file:
	__3.  Change v1.0 to v2.0
	__4.  Save the file and close gedit.
	__5.  Stage the changed files.
	__6.  Commit changes.
	__7.  In the web browser, go to the page where Jenkins CI-CD job is available.
	__8.  Wait for about a minute or so. Under Build History, you should be able to see a new build.
	__9.  While the build is getting performed, click the build and go to Console Output.
	__10.  After the Job finishes, in the web browser, go to the tab where OpenShift page is open and click Overview tab.
	__11.  If you time it properly, you should be able to see the node-app pod is getting reinitialized. 
	__12.  When the pod is up and running, in the web browser, go to the Hello Node Tab and refresh the page.
	__13.  In the terminal, execute the following command. 
	__14.  Keep the terminal and the web browser open for the next part.

	Part 11 -  Create a New Jenkins Job - Pipeline
	__1.  On left side of the Jenkins home page, go home and then click New Item.
	__2.  Enter CI-CD Pipeline as the job name.
	__3.  Select Pipeline type.
	__4.  Click OK button.
	__5.  Under Pipeline, in Script text box, type in the following script.
	__6.  Click Save button.

	Part 12 -  Test Jenkins CI/CD Pipeline
	__1.  In the terminal you are located under /var/lib/jenkins/repos/hello-node directory:
	__2.  Edit index.js file:
	__3.  Change v2.0 to v3.0
	__4.  Save the file and close gedit.
	__5.  Stage the changed files:
	__6.  Commit changes: 
	__7.  In the web browser, go to the page where Jenkins CI-CD Pipeline is available.
	__8.  Click Build Now.
	__9.  Under Build History you should be able to see a new build.
	__10.  After the Job finishes, in the web browser, go to the tab where OpenShift page is open and click Overview tab.
	__11.  If you time it properly, you should be able to see the node-app pod is getting reinitialized. 
	__12.  When the pod is up and running, in the web browser, go to the Hello Node Tab and refresh the page.
	__13.  In the terminal, execute the following command:

	Part 13 -  Review




