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Syllabus 
Sr. 

No. 

Session Detailed Contents Hrs 

1 Remote Process 
Communication 

Develop  a  program   for   multi-client   chat   server.   
Concept: Develop a multi-client chat server application 
where multiple clients chat with each other concurrently. The 
messages sent by different clients are first communicated to 
the server and then the server, on behalf of the source client, 
communicates the messages to the appropriate destination 
client. 

08 

2 Remote Procedure 
call 

Implementation     of      Remote      Procedure      Call  
Concept: This application will demonstrate the remote 
procedure communication. 

a) Implement a Server calculator containing 
ADD(),MUL(),SUB() etc. 

Implement a Date Time Server containing date() and time() 

08 

3 Remote Method 
Invocation 

Remote Method Invocation supporting the 
distributed computing in java. 

Concept: 

Create a client and server application where the client 
invokes methods via an interface. These methods are 
implemented on the server side. Create the necessary 
STUBS and SKELETONS. 

a) Design a Graphical User Interface (GUI) based 
calculator (scientific or standard). 

Operations should be performed using both mouse and 
keyboard. 

b) Retrieve time and date function from server 
to client. This program should display server 
date and time. 

c) Equation solver. 

The client should provide an equation to the server 
through an interface. The server will solve the 
expression given by the client. (a-b)2 = a2 –2ab + b2; 

If a = 5 and b = 2 then return value = 52 – 2.5.2 + 22 = 9. 

14 

4 Memory 
Management 

Implementation of Shared Memory 

a) Write a program to increment counter in 
Shared memory 

04 

  



5 Remote Object 
Communication 

Remote objects for database access. 

Concept : Pass remote objects from the server to the 
client. The client will receive the stub object (through 
remote interfaces) and saves it in an object variable with 
the same type as the remote interface. Then the client can 
access the actual object on the server through the variable. 
Make use of JDBC and RMI for accessing multiple data 
access objects. 

a) Retrieve the students information from the college 
database. 

b) Retrieve the list of books available in the library. 

Retrieve the MTNL billing information from the MTNL 
database 

10 

6 Enterprise Java 
Beans 

1) Sample program for  basic arithmetic operations 
implemented  in session bean. 

2) Sample program on message bean demonstration. 

3) Sample program to Book Information using Entity bean 

4) Demonstrate a program on State full and Stateless Bean. 

10 

7 Mutual Exclusion Implementation of mutual exclusion using any of the 
technique. Concept: This technique solves the mutual 
exclusion existing in the process communication. 

a) Centralized 

b) Distributed 

c) Token Ring 

Note: Use any one technique 

08 

8 Cloud Computing Study of cloud technologies : Virtualization Technologies, 
Virtual Machine Technology, Cloud data center 

08 

9 Grid Services Study of Grid services using various tools.(any two) 02 

10 Case studies Google, Microsoft, AWS. 06 
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Module 1 

1 
REMOTE PROCESS COMMUNICATION 

Unit Structure : 

1.1  Objective 

1.2  Aim 

1.3  Concept 

1.4  Program Code 

1.5  Summary 

1.6  Practise Questions 

1.7  References 

1.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

1.2  AIM 

Develop a program for multi-client chat server.  

1.3 CONCEPT 

Develop a multi-client chat server application where multiple clients chat 
with each other concurrently. The messages sent by different clients are 
first communicated to the server and then the server, on behalf of the 
source client, communicates the messages to the appropriate destination 
client. 

The sequence of events in a remote procedure call are given as follows − 

● The client stub is called by the client. 

● The client stub makes a system call to send the message to the server 
and puts the parameters in the message. 

● The message is sent from the client to the server by the client’s 
operating system. 
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● The message is passed to the server stub by the server operating 
system. 

● The parameters are removed from the message by the server stub. 

● Then, the server procedure is called by the server stub. 

A diagram that demonstrates this is as follows − 

 

Advantages of Remote Procedure Call 

Some of the advantages of RPC are as follows - 

● Remote procedure calls support process oriented and thread oriented 
models. 

● The internal message passing mechanism of RPC is hidden from the 
user. 

● The effort to re-write and re-develop the code is minimum in remote 
procedure calls. 

● Remote procedure calls can be used in distributed environment as well 
as the local environment. 

● Many of the protocol layers are omitted by RPC to improve 
performance. 

Disadvantages of Remote Procedure Call 

Some of the disadvantages of RPC are as follows − 

● The remote procedure call is a concept that can be implemented in 
different ways. It is not a standard. 

● There is no flexibility in RPC for hardware architecture. It is only 
interaction based. 

● There is an increase in costs because of remote procedure call. 
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1.4  PROGRAM CODE 

Server.java 

import java.io.*; 

import java.net.*; 

import java.util.*; 

public class Server{ 

 public static void main(String args[]) { 

List<clientThread> t= new ArrayList<clientThread>();            

Socket clientSocket = null; 

ServerSocket serverSocket = null; 

int port_number=1111; 

        try { 

     serverSocket = new ServerSocket(port_number); 

        } 

        catch (IOException e) 

     {System.out.println(e);} 

  

 while(true){ 

     try { 

  clientSocket = serverSocket.accept(); 

clientThread th=new clientThread(clientSocket,t); 

t.add(th); 

th.start(); 

     } 

     catch (IOException e) { 

  System.out.println(e);} 

 } 

    } 

}  

class clientThread extends Thread{ 
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        DataInputStream is = null; 

 String line; 

String destClient=""; 

String name; 

PrintStream os = null; 

Socket clientSocket = null;        

List<clientThread> t; 

String clientIdentity;  

        public clientThread(Socket clientSocket, List<clientThread> t){ 

 this.clientSocket=clientSocket; 

        this.t=t; 

    } 

    public void selectDestClient() throws IOException 

{ 

int h=0; 

os.println("\nTotal Members online in Chat room : "+t.size()); 

     os.println("\nWith whom you want to chat ?"); 

 if(t.size()>1) 

 { 

     for(int i=0; i<t.size(); i++) 

     { 

 if(t.get(i)!=this) 

                                    { 

      this.os.println((++h)+" ) - "+(t.get(i)).clientIdentity); 

                                     } 

if(t.indexOf(t.get(i))==(t.size()-1)) 

 { 

os.println("\nPlease Enter the name from above list to chat : "); 

wh:while(true) 

   { 

    destClient=is.readLine(); 

for(clientThread ct:t) 

{ 



 

 

Remote Process 
Communication 

5 

if(destClient.equalsIgnoreCase(ct.clientIdentity) && 
ct!=t)//!destClient.equalsIgnoreCase(clientIdentity)) 

{ 

os.println("\nYou are connected with "+destClient+"....Start enoying this 
chat 
service.\n\n__________________________________________________
_____________________\n"); 

return; 

} 

} 

os.println("\nInvalid destination. --- There is NO user with name 
"+destClient+". \n\nPlease Re-enter : "); 

continue; 

}//wh:while 

 

} 

 } 

 }else 

 { 

      this.os.println("\n- Currently no other client has logged in 
for Chatting.\n- You are the  first one.Wait for some clients...."); 

 } 

 

} 

    public void run()  

    { 

 try{ 

     is = new DataInputStream(clientSocket.getInputStream()); 

     os = new PrintStream(clientSocket.getOutputStream()); 

     os.println("Enter your name."); 

     name = is.readLine(); 

                    clientIdentity=name; 

     os.println("\n\nWelcome "+name+" to this chatting 
Application.\n\nInstructions :\n- To Sign-Out enter /quit in a new line\n- 
To view List of Chat Members enter /view amd follow the 
instructions.\n\n"); 
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       for(int i=0; i<t.size(); i++) 

     { 

 if(t.get(i)!=this) 

                                    { 

  (t.get(i)).os.println("*** A new user "+name+" entered the chat room 
***\n\n"); 

                                     } 

} 

selectDestClient(); 

     while (true) { 

  line = is.readLine(); 

 

                if(line.startsWith("/view")) 

{ 

selectDestClient(); 

continue; 

} 

                if(line.startsWith("/quit")) break;  

 

 if(t.size()>1) 

 { 

     for(int i=0; i<t.size(); i++) 

        { 

if((t.get(i))!=this) 

{ 

  if((t.get(i)).clientIdentity.equalsIgnoreCase(destClient)) 

                                   { 

                                       (t.get(i)).os.println("\n\n<From 
"+this.clientIdentity+"> "+line);  

          break; 

      } 

 

} 

         } 
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 } 

 

     } 

 

 if(t.size()>1) 

 { 

     for(int i=0; i<t.size(); i++) 

        { 

  if(t.get(i)!=this) 

                        (t.get(i)).os.println("*** The user "+name+" left the 
chat room***" );  

 

 } 

} 

     os.println("*** Bye "+name+" ***");  

     t.remove(this); 

     is.close(); 

     os.close(); 

     clientSocket.close(); 

 } 

 catch(IOException e){}; 

    } 

} 

 

Client.java 

import java.io.*; 

import java.net.*; 

public class Client implements Runnable{ 

    static Socket clientSocket = null; 

    static PrintStream os = null; 

    static DataInputStream is = null; 

    static BufferedReader inputLine = null; 
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    static boolean closed = false; 

        public static void main(String[] args) { 

 int port_number=1111; 

        String host="localhost"; 

 try { 

            clientSocket = new Socket(host, port_number); 

            inputLine = new BufferedReader(new 
InputStreamReader(System.in)); 

            os = new PrintStream(clientSocket.getOutputStream()); 

            is = new DataInputStream(clientSocket.getInputStream()); 

        } catch (Exception e) { 

            System.err.println("Exception occurred : "+e.getMessage()); 

        } 

        if (clientSocket != null && os != null && is != null) { 

            try { 

                new Thread(new Client()).start(); 

    while (!closed) { 

                    os.println(inputLine.readLine()); 

                } 

  os.close(); 

  is.close(); 

  clientSocket.close(); 

            } catch (IOException e) { 

                System.err.println("IOException:  " + e); 

            } 

        } 

    }            

        public void run() {   

 String responseLine; 

 try{  

     while ((responseLine = is.readLine()) != null) { 

 System.out.println(responseLine); 

  if (responseLine.indexOf("*** Bye") != -1) break; 
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     } 

            closed=true; 

 } catch (IOException e) { 

     System.err.println("IOException:  " + e); 

 } 

    } 

} 

Output: 
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1.5 SUMMARY 

A remote procedure call is an inter-process communication technique that 
is used for client-server-based applications. It is also known as a 
subroutine call or a function call. A client has a request message that the 
RPC translates and sends to the server. This request may be a procedure 
or a function call to a remote server. When the server receives the request, 
it sends the required response back to the client. The client is blocked 
while the server is processing the call and only resumed execution after 
the server is finished. 

1.6 PRACTISE QUESTIONS 

1) Write an RPC code for implementing simple calculator to perform 
basic calculation. 

2)  Write an RPC code for performing string functions. 
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3) Write an RPC code for implementing Matrix calculation. 

4) Write an RPC code for implementing currency conversion based on 
user input. 

5) Write an RPC code for implementing scientific calculator to perform 
basic calculation. 

1.7 REFERENCES 

1. Core Java2 Volume I & II – Horstmann, Cornell. 

2. Complete Reference – Herbert Schildt.    

3. Distributed computing system and concepts – Andrew Tanenbaum    

4. Distributed OS - Pradeep K. Sinha, PHI   

5. Cloud Computing unleashing next gen infrastructure to application – 
Dr. Kumar Saurabh, Willey    

6. Cloud Computing insights into new-era infrastructure – Dr. Kumar 
Saurabh, Willey 
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Module 2 

2 
REMOTE PROCEDURE CALL 

Unit Struture : 

2.1  Objective 

2.2  Aim 

2.3  Concept 

2.4  Program Code 

2.5  Summary 

2.6  Practise Questions 

2.7  References 

2.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

2.2  AIM 

Implementation of Remote Procedure Call  

2.3 CONCEPT 

This application will demonstrate the remote procedure communication. 

a) Implement a Server calculator containing ADD(), MUL(), SUB() etc. 

b) Implement a Date Time Server containing date() and time() 

The sequence of events in a remote procedure call are given as follows - 

● The client stub is called by the client. 

● The client stub makes a system call to send the message to the server 
and puts the parameters in the message. 

● The message is sent from the client to the server by the client’s 
operating system. 
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● The message is passed to the server stub by the server operating 
system. 

● The parameters are removed from the message by the server stub. 

● Then, the server procedure is called by the server stub. 

A diagram that demonstrates this is as follows - 

 

2.4 PROGRAM 

a) Implement a Server calculator containing ADD(), MUL(), SUB() 
etc. 

Calculator.java: 

import java.rmi.*; 

public interface Calculator extends Remote 

{ 

public int sum(int a, int b)throws RemoteException; 

public int sub(int a, int b)throws RemoteException; 

public int mul(int a, int b)throws RemoteException; 

} 

CalculatorClient.java: 

import java.rmi.*; 

import java.io.*; 

public class CalculatorClient 

{  

public static void  main(String args[]) 

{ 
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try{ 

BufferedReader br=new BufferedReader(new 
InputStreamReader(System.in)); 

Calculator p=(Calculator)Naming.lookup("Cal"); 

System.out.println("Enter fisrt number"); 

String strFirst=br.readLine(); 

System.out.println("Enter second number"); 

String strSecond=br.readLine(); 

System.out.println("Sum : 
"+p.sum(Integer.parseInt(strFirst),Integer.parseInt(strSecond))); 

System.out.println("Sub : 
"+p.sub(Integer.parseInt(strFirst),Integer.parseInt(strSecond))); 

System.out.println("Mul : 
"+p.mul(Integer.parseInt(strFirst),Integer.parseInt(strSecond))); 

} 

catch(Exception e) 

{ 

System.out.println("Exception occurred : "+e.getMessage()); 

} 

} 

} 

CalculatorServer.java: 

import java.rmi.*; 

import java.rmi.server.*; 

public class CalculatorServer extends UnicastRemoteObject implements 
Calculator 

{ 

public CalculatorServer()throws RemoteException 

{ 

System.out.println("Server is Instantiated"); 

} 

public int sum(int first,int Second) throws RemoteException  

{ 

return first+Second; 

}  
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public int sub(int first,int Second) throws RemoteException  

{ 

return first-Second; 

}  

public int mul(int first,int Second) throws RemoteException  

{ 

return first*Second; 

}  

public static void main(String arg[]) 

{ 

try{ 

CalculatorServer p=new CalculatorServer(); 

Naming.rebind("Cal",p); 

}catch(Exception e) 

{ 

System.out.println("Exception occurred : "+e.getMessage()); 

} 

} 

} 

Output: 
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b) Implement a Date Time Server containing date() and time() 

prac2i.java 

import java.rmi.*; 

public interface prac2i extends Remote 

 { 

 public String showdate()throws RemoteException; 

 public String showtime()throws RemoteException; 

  

 } 

 

prac2s.java 

 

import java.rmi.*; 

import java.rmi.server.*; 

import java.util.*; 

 

public class prac2s extends UnicastRemoteObject implements prac2i 

 { 

 public prac2s()throws RemoteException 

 { 

System.out.println("Server created"); 

 } 

 

 public String showdate() throws RemoteException  

  { 

 Date d=new Date(); 

 return d.toString(); 

  } 

 public String showtime() throws RemoteException  

  { 

 Date d=new Date(); 

 String s=d.getHours()+":"+d.getMinutes()+":"+d.getSeconds(); 

 return s; 

  } 
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 public static void main(String arg[]) 

 { 

  try{  

  prac2s p=new prac2s(); 

  Naming.rebind("xyz",p); 

  

  }catch(Exception e){} 

 } 

} 

 

prac2c.java 

import java.rmi.*; 

 public class prac2c 

 {  

 public static void  main(String args[]) 

 { 

 try{ 

 prac2i p=(prac2i)Naming.lookup("xyz"); 

 System.out.println(p.showdate()); 

 System.out.println(p.showtime()); 

  }catch(Exception e){e.printStackTrace();} 

 } 

 } 

Output: 
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2.5 SUMMARY 

A remote procedure call is an inter-process communication technique that 
is used for client-server-based applications. It is also known as a 
subroutine call or a function call. A client has a request message that the 
RPC translates and sends to the server. This request may be a procedure 
or a function call to a remote server. When the server receives the request, 
it sends the required response back to the client. The client is blocked 
while the server is processing the call and only resumed execution after 
the server is finished. 

2.6 PRACTISE QUESTIONS 

1) Write an RPC code for implementing simple calculator to perform 
basic calculation. 

2)  Write an RPC code for performing string functions. 

3) Write an RPC code for implementing Matrix calculation. 

4) Write an RPC code for implementing currency conversion based on 
user input. 

5) Write an RPC code for implementing scientific calculator to perform 
basic calculation. 
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2.7 REFERENCES 

1. Core Java2 Volume I & II – Horstmann, Cornell. 

2. Complete Reference – Herbert Schildt.    

3. Distributed computing system and concepts – Andrew Tanenbaum    

4. Distributed OS - Pradeep K. Sinha, PHI   

5. Cloud Computing unleashing next gen infrastructure to application – 
Dr. Kumar Saurabh, Willey    

6. Cloud Computing insights into new-era infrastructure – Dr. Kumar 
Saurabh, Willey 
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Module 3 

3 
REMOTE METHOD INVOCATION 

Unit Structure: 

3.1  Objective 

3.2  Aim 

3.3  Concept 

3.4  Program 

3.5  Summary 

3.6  Practise Questions 

3.7  References 

3.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

3.2 AIM 

To understand Remote Method Invocation supporting the distributed 
computing in java. 

3.3 CONCEPT 

Create a client and server application where the client invokes methods via 
an interface. These methods are implemented on the server side. Create 
the necessary STUBS and SKELETONS. 

a) Design a Graphical User Interface (GUI) based calculator (scientific or 
standard). Operations should be performed using both mouse and 
keyboard. 

b) Retrieve time and date function from server to client. This program 
should display server date and time. 

c) Equation solver. The client should provide an equation to the server 
through an interface. The server will solve the expression given by the 
client. 

(a-b)2 = a2 –2ab + b2; If a = 5 and b = 2 then return value = 52 – 2.5.2 + 
22 = 9. 
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3.4 PROGRAM 

a) Design a Graphical User Interface (GUI) based calculator (scientific or 
standard). Operations should be performed using both mouse and 
keyboard. 

ICalc.java 

import java.rmi.*; 

public interface ICalc  

 extends java.rmi.Remote 

 { 

  public float calculate(float num1,float num2,String op) 

 throws java.rmi.RemoteException; 

 } 

 

ICalcImpl.java 

import java.rmi.*; 

import java.math.*; 

 public class ICalcImpl 

  extends java.rmi.server.UnicastRemoteObject 

   implements ICalc 

 { 

public ICalcImpl() throws java.rmi.RemoteException{} 

public float calculate(float num1,float num2,String op) throws 
java.rmi.RemoteException 

 { 

    if(op.equals("+")) 

 { 

 return num1+num2; 

 } 

  

   if(op.equals("-")) 

 { 

 return num1-num2; 

 } 

   if(op.equals("*")) 
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 { 

 return num1*num2; 

 } 

    if(op.equals("/")) 

 { 

 return num1/num2; 

 } 

   if(op.equals("1/x")) 

 { 

 return 1/num1; 

 } 

   if(op.equals("s")) 

 { 

 return (float)(Math.sqrt(num1)); 

 } 

  else 

       return 0; 

  

  } 

 } 

 

ICalcServer.java 

 

import java.rmi.*; 

 

public class ICalcServer 

{ 

public ICalcServer() 

{ 

      System.out.println("Server created"); 

 

     try 

{ 
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      ICalc dt = new ICalcImpl(); 

        Naming.rebind("abc",dt); 

}  

catch(Exception e){ 

    System.out.println("Trouble:"+e); 

} 

} 

public static void main(String args[]) 

{ 

new ICalcServer(); 

} 

} 

ICalcClient.java 

 

import java.rmi.*; 

import java.net.MalformedURLException; 

import java.awt.*; 

import javax.swing.*; 

import java.awt.event.*; 

public class ICalcClient extends JFrame implements ActionListener 

{ 

ICalc dt; 

JTextField txtScr; 

JButton cmdBack, cmdClr, cmdEnter, cmdSign, cmdPlus, cmdMinus, 

cmdMult, cmdDiv, cmdSqrt,cmdRecipro,cmdDot; 

JButton cmdOne, cmdTwo, cmdThree, cmdFour, cmdFive, cmdSix, 

cmdSeven, cmdEight,cmdNine,cmdZero; 

Float num1,num2,ans; 

String op; 

char ch; 

int asc; 

Container cp; 

ICalcClient() 
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{ 

cp=getContentPane(); 

cp.setLayout(null); 

try 

{ 

dt=(ICalc) Naming.lookup("abc"); 

} 

catch(Exception e) 

{} 

txtScr=new JTextField(); 

txtScr.setBounds(10,10,200,30); 

//txtScr.addKeyListener(this); 

cp.add(txtScr); 

cmdBack= new JButton("<<"); 

cmdBack.setBounds(10,50,50,40); 

cp.add(cmdBack); 

cmdBack.addActionListener(this); 

cmdClr=new JButton("C"); 

cmdClr.setBounds(70,50,50,40); 

cp.add(cmdClr); 

cmdClr.addActionListener(this); 

cmdSeven=new JButton("7"); 

cmdSeven.setBounds(10,100,50,40); 

cp.add(cmdSeven); 

cmdSeven.addActionListener(this); 

cmdEight=new JButton("8"); 

cmdEight.setBounds(70,100,50,40); 

cp.add(cmdEight); 

cmdEight.addActionListener(this); 

cmdNine=new JButton("9"); 

cmdNine.setBounds(130,100,50,40); 

cp.add(cmdNine); 

cmdNine.addActionListener(this); 
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cmdDiv=new JButton("/"); 

cmdDiv.setBounds(190,100,50,40); 

cp.add(cmdDiv); 

cmdDiv.addActionListener(this); 

cmdSqrt=new JButton("s"); 

cmdSqrt.setBounds(250,100,50,40); 

cp.add(cmdSqrt); 

cmdSqrt.addActionListener(this); 

cmdFour=new JButton("4"); 

cmdFour.setBounds(10,150,50,40); 

cp.add(cmdFour); 

cmdFour.addActionListener(this); 

cmdFive=new JButton("5"); 

cmdFive.setBounds(70,150,50,40); 

cp.add(cmdFive); 

cmdFive.addActionListener(this); 

cmdSix=new JButton("6"); 

cmdSix.setBounds(130,150,50,40); 

cp.add(cmdSix); 

cmdSix.addActionListener(this); 

cmdMult=new JButton("*"); 

cmdMult.setBounds(190,150,50,40); 

cp.add(cmdMult); 

cmdMult.addActionListener(this); 

cmdOne=new JButton("1"); 

cmdOne.setBounds(10,200,50,40); 

cp.add(cmdOne); 

cmdOne.addActionListener(this); 

cmdTwo=new JButton("2"); 

cmdTwo.setBounds(70,200,50,40); 

cp.add(cmdTwo); 

cmdTwo.addActionListener(this); 

cmdThree=new JButton("3"); 
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cmdThree.setBounds(130,200,50,40); 

cp.add(cmdThree); 

cmdThree.addActionListener(this); 

cmdMinus=new JButton("-"); 

cmdMinus.setBounds(190,200,50,40); 

cp.add(cmdMinus); 

cmdMinus.addActionListener(this); 

cmdRecipro=new JButton("1/x"); 

cmdRecipro.setBounds(250,200,60,40); 

cp.add(cmdRecipro); 

cmdRecipro.addActionListener(this); 

cmdZero=new JButton("0"); 

cmdZero.setBounds(10,250,50,40); 

cp.add(cmdZero); 

cmdZero.addActionListener(this); 

cmdSign=new JButton("+-"); 

cmdSign.setBounds(70,250,50,40); 

cp.add(cmdSign); 

cmdSign.addActionListener(this); 

cmdDot=new JButton("."); 

cmdDot.setBounds(130,250,50,40); 

cp.add(cmdDot); 

cmdDot.addActionListener(this); 

cmdPlus=new JButton("+"); 

cmdPlus.setBounds(190,250,50,40); 

cp.add(cmdPlus); 

cmdPlus.addActionListener(this); 

cmdEnter=new JButton("="); 

cmdEnter.setBounds(250,250,50,40); 

cp.add(cmdEnter); 

cmdEnter.addActionListener(this); 

 

setSize(500,500); 
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setVisible(true); 

}//constructor 

public void actionPerformed(ActionEvent ae) 

{ 

try 

{ 

if(ae.getActionCommand().equals("0")) 

txtScr.setText(txtScr.getText()+"0"); 

else if(ae.getActionCommand().equals("1")) 

txtScr.setText(txtScr.getText()+"1"); 

else if(ae.getActionCommand().equals("2")) 

txtScr.setText(txtScr.getText()+"2"); 

else if(ae.getActionCommand().equals("3")) 

txtScr.setText(txtScr.getText()+"3"); 

else if(ae.getActionCommand().equals("4")) 

txtScr.setText(txtScr.getText()+"4"); 

else if(ae.getActionCommand().equals("5")) 

txtScr.setText(txtScr.getText()+"5"); 

else if(ae.getActionCommand().equals("6")) 

txtScr.setText(txtScr.getText()+"6"); 

else if(ae.getActionCommand().equals("7")) 

txtScr.setText(txtScr.getText()+"7"); 

else if(ae.getActionCommand().equals("8")) 

txtScr.setText(txtScr.getText()+"8"); 

else if(ae.getActionCommand().equals("9")) 

txtScr.setText(txtScr.getText()+"9"); 

else if(ae.getActionCommand().equals(".")) 

txtScr.setText(txtScr.getText()+"."); 

if(ae.getActionCommand().equals("C")) 

{ 

txtScr.setText(""); 

txtScr.grabFocus(); 

} 
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if(ae.getActionCommand().equals("<<")) 

{ 

int len=(txtScr.getText()).length(); 

String str=txtScr.getText(); 

txtScr.setText(""); 

 

if(len>0) 

{ 

for(int i=0;i<len-1;i++) 

{ 

txtScr.setText(txtScr.getText()+""+(str).charAt(i)); 

} 

} 

} 

 

if (ae.getActionCommand().equals("+")) 

{ 

num1=Float.parseFloat(txtScr.getText()); 

op="+"; 

 

txtScr.setText(""); 

txtScr.grabFocus(); 

 

} 

else if(ae.getActionCommand().equals("-")) 

{ 

num1=Float.parseFloat(txtScr.getText()); 

op="-"; 

txtScr.setText(""); 

txtScr.grabFocus(); 

} 

else if(ae.getActionCommand().equals("*")) 

{ 
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num1=Float.parseFloat(txtScr.getText()); 

op="*"; 

txtScr.setText(""); 

txtScr.grabFocus(); 

} 

else if(ae.getActionCommand().equals("/")) 

{ 

num1=Float.parseFloat(txtScr.getText()); 

op="/"; 

txtScr.setText(""); 

txtScr.grabFocus(); 

} 

else if(ae.getActionCommand().equals("1/x")) 

{ 

num1=Float.parseFloat(txtScr.getText()); 

num2=(float)(0.0); 

op="1/x"; 

 

txtScr.grabFocus(); 

txtScr.setText(String.valueOf(dt.calculate(num1,num2,op))); 

} 

else if(ae.getActionCommand().equals("s")) 

{ 

num1=Float.parseFloat(txtScr.getText()); 

num2=(float)(0.0); 

op="s"; 

txtScr.grabFocus(); 

txtScr.setText(String.valueOf(dt.calculate(num1,num2,op))); 

} 

else if(ae.getActionCommand().equals("+-")) 

{ 

if(Float.parseFloat(txtScr.getText()) > 0) 

txtScr.setText("-"+txtScr.getText()); 



  

 

Open Source System 
For ADC Lab 

 

30 

else 

txtScr.setText(Math.abs(Float.parseFloat(txtScr.getText()))+""); 

} 

 

if(ae.getActionCommand().equals("=")) 

{ 

num2=Float.parseFloat(txtScr.getText()); 

System.out.println(num1  + "" +num2); 

txtScr.setText(String.valueOf(dt.calculate(num1,num2,op))); 

} 

 

} 

catch(Exception eee) 

{} 

 

}//actionPerformed 

public static void main(String[]rgs) 

 { 

new ICalcClient(); 

} 

} 

Output: 

 

b) Retrieve time and date function from server to client. This program 
should display server date and time. 
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Intf.java 

import java.rmi.*; 

public interface DateTime extends Remote 

{ 

public String getDateTime() throws RemoteException; 

} 

Impl.java 

import java.rmi.*; 

import java.rmi.server.*; 

import java.util.*; 

 public class DateTimeImpl extends UnicastRemoteObject implements 
DateTime 

{ 

public DateTimeImpl() throws RemoteException{} 

public String getDateTime() throws RemoteException 

{ 

return (new Date()).toString(); 

} 

  

} 

 

Client.java 

import java.rmi.*; 

import java.net.*; 

public class DateTimeClient{ 

public static void main(String[] args) 

{ 

try{ 

DateTime d=(DateTime) 
Naming.lookup("rmi://localhost/DateTimeService"); 
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System.out.println(d.getDateTime()); 

} 

catch(Exception e) 

{ 

System.out.println("Exception occurred : "+e.getMessage()); 

} 

 

} 

} 

Server.java 

 

import java.rmi.*; 

 

public class DateTimeServer 

{ 

public DateTimeServer() 

{ 

System.out.println("Server is Instantiated"); 

try 

{ 

DateTime d=new DateTimeImpl(); 

Naming.rebind("rmi://localhost:1099/DateTimeService",d); 

}  

catch(Exception e) 

{ 

System.out.println("Exception occurred :"+e.getMessage()); 

} 

} 

public static void main(String args[]){ 
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new DateTimeServer(); 

} 

} 

Output:  

   

   

    

c) Equation solver. The client should provide an equation to the server 
through an interface. The server will solve the expression given by the 
client. 

(a-b)2 = a2 –2ab + b2; If a = 5 and b = 2 then return value = 52 – 2.5.2 
+ 22 = 9. 

Equation.java 

import java.rmi.*; 

public interface Equation extends Remote 

{ 

public double getEquationResult(double a,double b) throws 
RemoteException; 

} 

EquationImpl.java 

import java.rmi.*; 

import java.rmi.server.*; 
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public class EquationImpl extends UnicastRemoteObject implements 
Equation 

{ 

public EquationImpl() throws RemoteException{} 

public double getEquationResult(double a, double b)throws 
RemoteException 

{ 

return((a*a)-(2*a*b)+(b*b)); 

} 

} 

EquationClient.java 

import java.rmi.*; 

public class EquationClient 

{ 

public static void main(String args[]){ 

try{ 

Equation i =(Equation) 
Naming.lookup("rmi://localhost:1099/EquationService"); 

double ans=i.getEquationResult(5,2); 

System.out.println(ans); 

}catch(Exception e) 

{ 

System.out.println("Exception occurred : "+e.getMessage()); 

} 

} 

}  

EquationServer.java 

import java.rmi.*; 

public class EquationServer 

{ 
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public EquationServer(){ 

System.out.println("Server is Instantiated"); 

try{ 

Equation i = new EquationImpl(); 

Naming.rebind("rmi://localhost:1099/EquationService",i); 

}catch(Exception e){ 

System.out.println("Exception occurred : "+e.getMessage()); 

} 

} 

public static void main(String args[]) 

{ 

new EquationServer(); 

} 

} 

 

 

Output: 
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3.5 SUMMARY 

The RMI (Remote Method Invocation) is an API that provides a 
mechanism to create distributed application in java. The RMI allows an 
object to invoke methods on an object running in another JVM. The RMI 
provides remote communication between the applications using two 
objects stub and skeleton. 

3.6 PRACTISE QUESTIONS 

1) Write an RMI code for implementing simple calculator to perform 
basic calculation. 

2) Write an RMI code for performing string functions. 

3) Write an RMI code for implementing Matrix calculation. 

4) Write an RMI code for implementing currency conversion based on 
user input. 

5) Write an RMI code for implementing scientific calculator to perform 
basic calculation. 

3.7 REFERENCES 

1. Core Java2 Volume I & II – Horstmann, Cornell. 

2. Complete Reference – Herbert Schildt.    

3. Distributed computing system and concepts – Andrew Tanenbaum    

4. Distributed OS - Pradeep K. Sinha, PHI   

5. Cloud Computing unleashing next gen infrastructure to application – 
Dr. Kumar Saurabh, Willey    

6. Cloud Computing insights into new-era infrastructure – Dr. Kumar 
Saurabh, Willey 
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Module 4 

4 
MEMORY MANAGEMENT 

Unit Structure : 

4.1  Objective 

4.2  Aim 

4.3  Concept 

4.4  Introduction 

4.5  Program Code 

4.6    Summary 

4.7  Practise Questions 

4.8  References 

4.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

4.2 AIM 

Implementation of Shared Memory 

4.3 CONCEPT 

Write a program to increment counter in Shared memory 

4.4 INTRODUCTION 

Shared memory is a memory shared between two or more processes. 
However, why do we need to share memory or some other means of 
communication? 

To reiterate, each process has its own address space, if any process wants 
to communicate with some information from its own address space to 
other processes, then it is only possible with IPC (inter process 
communication) techniques. As we are already aware, communication can 
be between related or unrelated processes. 
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Usually, inter-related process communication is performed using Pipes or 
Named Pipes. Unrelated processes (say one process running in one 
terminal and another process in another terminal) communication can be 
performed using Named Pipes or through popular IPC techniques of 
Shared Memory and Message Queues. IPC techniques of Pipes and 
Named pipes and now it is time to know the remaining IPC techniques 
viz., Shared Memory, Message Queues, Semaphores, Signals, and 
Memory Mapping. 

 

Inter Process Communication through shared memory is a concept where 
two or more process can access the common memory. And 
communication is done via this shared memory where changes made by 
one process can be viewed by another process. 

The problem with pipes, fifo and message queue – is that for two process 
to exchange information. The information has to go through the kernel. 

● Server reads from the input file. 

● The server writes this data in a message using either a pipe, fifo or 
message queue. 

● The client reads the data from the IPC channel,again requiring the data 
to be copied from kernel’s IPC buffer to the client’s buffer. 

● Finally the data is copied from the client’s buffer. 

A total of four copies of data are required (2 read and 2 write). So, shared 
memory provides a way by letting two or more processes share a memory 
segment. With Shared Memory the data is only copied twice – from input 
file into shared memory and from shared memory to the output file. 

SYSTEM CALLS USED ARE: 

ftok(): is use to generate a unique key. 

shmget(): int shmget(key_t,size_tsize,intshmflg); upon successful 
completion, shmget() returns an identifier for the shared memory segment. 
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shmat(): Before you can use a shared memory segment, you have to attach 
yourself 
to it using shmat(). void *shmat(int shmid ,void *shmaddr ,int shmflg); 
shmid is shared memory id. shmaddr specifies specific address to use but 
we should set 
it to zero and OS will automatically choose the address. 

shmdt(): When you’re done with the shared memory segment, your 
program should 
detach itself from it using shmdt(). int shmdt(void *shmaddr); 

shmctl(): when you detach from shared memory,it is not destroyed. So, to 
destroy 
shmctl() is used. shmctl(int shmid,IPC_RMID,NULL); 

In this assignment you are implementing support to enable two processes 
to share a memory page. This is implemented by having an entry in both 
process page tables point to the same physical page. 

Start by looking at the user program shm_cnt.c. In this program we fork a 
process, then both processes open a shared memory segment with the 
same id using: 

shm_open(1,(char **)(&counter)); 

For this system call, the first parameter gives an id for the shared memory 
segment, and the pointer is used to return a pointer to the shared page. By 
having this pointer be of type shm_cnt, we can access this struct off of this 
pointer and we would be accessing the shared memory page. 

The code then proceeds to have both processes go through a loop 
repeatedly incrementing the counter in the shared page (acquiring a user 
level spin lock to make sure we don’t lose updates; test your program 
without the lock and see if it makes a difference). The uspinlock is 
implemented in the starter code in uspinlock.c and uspinlock.h – take a 
look. 

At the end, each process prints the value of the counter, closes the shared 
memory segment and exits using shm_close(1). One of them should have 
a value of 20000 reflecting updates from both the processes. Check your 
code without the spinlock to see if you lose updates. 

Your task is to implement shm_open and shm_close. They are already 
added as system calls; you should write your code in shm.c 

shm_open looks through the shm_table to see if this segment id already 
exists. If it doesn’t then it needs to allocate a page and map it, and store 
this information in the shm_table. Don’t forget to grab the lock while you 
are working with the shm_table (why?). If the segment already exists, 
increase the reference count, and use mappages to add the mapping 
between the virtual address and the physical address. In either case, return 
the virtual address through the second parameter of the system call. 
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shm_close is simpler: it looks for the shared memory segment in 
shm_table. If it finds it it decrements the reference count. If it reaches 
zero, then it clears the shm_table. You do not need to free up the page 
since it is still mapped in the page table.  

4.5 PROGRAM CODE 

/* Filename: shm_write.c */ 

#include<stdio.h> 

#include<sys/ipc.h> 

#include<sys/shm.h> 

#include<sys/types.h> 

#include<string.h> 

#include<errno.h> 

#include<stdlib.h> 

#include<unistd.h> 

#include<string.h> 

 

#define BUF_SIZE 1024 

#define SHM_KEY 0x1234 

 

struct shmseg { 

   int cnt; 

   int complete; 

   char buf[BUF_SIZE]; 

}; 

int fill_buffer(char * bufptr, int size); 

 

int main(int argc, char *argv[]) { 

   int shmid, numtimes; 

   struct shmseg *shmp; 
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   char *bufptr; 

   int spaceavailable; 

   shmid = shmget(SHM_KEY, sizeof(struct shmseg), 0644|IPC_CREAT); 

   if (shmid == -1) { 

      perror("Shared memory"); 

      return 1; 

   } 

    

   // Attach to the segment to get a pointer to it. 

   shmp = shmat(shmid, NULL, 0); 

   if (shmp == (void *) -1) { 

      perror("Shared memory attach"); 

      return 1; 

   } 

    

   /* Transfer blocks of data from buffer to shared memory */ 

   bufptr = shmp->buf; 

   spaceavailable = BUF_SIZE; 

   for (numtimes = 0; numtimes < 5; numtimes++) { 

      shmp->cnt = fill_buffer(bufptr, spaceavailable); 

      shmp->complete = 0; 

      printf("Writing Process: Shared Memory Write: Wrote %d bytes\n", 
shmp->cnt); 

      bufptr = shmp->buf; 

      spaceavailable = BUF_SIZE; 

      sleep(3); 

   } 

   printf("Writing Process: Wrote %d times\n", numtimes); 

   shmp->complete = 1; 

 



  

 

Open Source System 
For ADC Lab 

 

42 

   if (shmdt(shmp) == -1) { 

      perror("shmdt"); 

      return 1; 

   } 

 

   if (shmctl(shmid, IPC_RMID, 0) == -1) { 

      perror("shmctl"); 

      return 1; 

   } 

   printf("Writing Process: Complete\n"); 

   return 0; 

} 

 

int fill_buffer(char * bufptr, int size) { 

   static char ch = 'A'; 

   int filled_count; 

    

   //printf("size is %d\n", size); 

   memset(bufptr, ch, size - 1); 

   bufptr[size-1] = '\0'; 

   if (ch > 122) 

   ch = 65; 

   if ( (ch >= 65) && (ch <= 122) ) { 

      if ( (ch >= 91) && (ch <= 96) ) { 

         ch = 65; 

      } 

   } 

   filled_count = strlen(bufptr); 
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   //printf("buffer count is: %d\n", filled_count); 

   //printf("buffer filled is:%s\n", bufptr); 

   ch++; 

   return filled_count; 

} 

Compilation and Execution Steps 

Writing Process: Shared Memory Write: Wrote 1023 bytes 

Writing Process: Shared Memory Write: Wrote 1023 bytes 

Writing Process: Shared Memory Write: Wrote 1023 bytes 

Writing Process: Shared Memory Write: Wrote 1023 bytes 

Writing Process: Shared Memory Write: Wrote 1023 bytes 

Writing Process: Wrote 5 times 

Writing Process: Complete 

Following is the code for read process (Reading from the Shared 
Memory and writing to the standard output – File: shm_read.c) 

/* Filename: shm_read.c */ 

#include<stdio.h> 

#include<sys/ipc.h> 

#include<sys/shm.h> 

#include<sys/types.h> 

#include<string.h> 

#include<errno.h> 

#include<stdlib.h> 

 

#define BUF_SIZE 1024 

#define SHM_KEY 0x1234 

 

struct shmseg { 

   int cnt; 

   int complete; 
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   char buf[BUF_SIZE]; 

}; 

 

int main(int argc, char *argv[]) { 

   int shmid; 

   struct shmseg *shmp; 

   shmid = shmget(SHM_KEY, sizeof(struct shmseg), 0644|IPC_CREAT); 

   if (shmid == -1) { 

      perror("Shared memory"); 

      return 1; 

   } 

    

   // Attach to the segment to get a pointer to it. 

   shmp = shmat(shmid, NULL, 0); 

   if (shmp == (void *) -1) { 

      perror("Shared memory attach"); 

      return 1; 

   } 

    

   /* Transfer blocks of data from shared memory to stdout*/ 

   while (shmp->complete != 1) { 

      printf("segment contains : \n\"%s\"\n", shmp->buf); 

      if (shmp->cnt == -1) { 

         perror("read"); 

         return 1; 

      } 

      printf("Reading Process: Shared Memory: Read %d bytes\n", shmp-
>cnt); 

      sleep(3); 

   } 
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   printf("Reading Process: Reading Done, Detaching Shared Memory\n"); 

   if (shmdt(shmp) == -1) { 

      perror("shmdt"); 

      return 1; 

   } 

   printf("Reading Process: Complete\n"); 

   return 0; 

} 

4.6  SUMMARY 

Memory is often the primary resource limiting the overall processing 
capacity of a node or an entire distributed system; it is common to see a 
system’s CPU, disk, and network running below capacity because of either 
actually or artificially limited memory use. At the opposite extreme, 
overcommitment of memory can cause instability of individual nodes or 
the cluster as a whole. To ensure predictable and reliable performance and 
maximize throughput in a multi-tenant distributed system, effective 
memory handling is critical. Operators can use existing software solutions 
to increase cluster utilization while maintaining reliability. 

4.7 PRACTISE QUESTIONS 

1. What are the different header files used in shared memory program? 

2. What are the different system calls used in shared memory program? 

3. Explain the use of following sytem calls: 

i.   ftok() 

ii.  shmget()    

iii. void *shmat(int shmid ,void *shmaddr ,int shmflg); 

iv.  int shmdt(void *shmaddr); 

v.  shmctl(int shmid,IPC_RMID,NULL); 

4. What is the concept of shared memory? 

5. Explain the code segment used to implement shared memory. 
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4.8 REFERENCES 
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Module 5 

5 
REMOTE OBJECT COMMUNICATION 

Unit Structure :  

5.1  Objective 

5.2  Aim 

5.3  Concept 

5.4  Introduction 

5.5  Program Code 

5.6  Summary 

5.7  Practise Questions 

5.8  References 

5.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

5.2 AIM 

Remote objects for database access. 

5.3 CONCEPT 

Pass remote objects from the server to the client. The client will receive 
the stub object (through remote interfaces) and saves it in an object 
variable with the same type as the remote interface. Then the client can 
access the actual object on the server through the variable. Make use of 
JDBC and RMI for accessing multiple data access objects. 

a) Retrieve the students information from the college database.     

b) Retrieve the list of books available in the library.     

c) Retrieve the MTNL billing information from the MTNL database 
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5.4 PROGRAM CODE 

a) Retrieve the students information from the college database.     

StudentIntf.java 
import java.rmi.*; 
import java.net.*; 
import java.sql.*; 
interface StudentIntf extends Remote 
{ 
 public String[] getResult()throws RemoteException; 
 public int getCount()throws RemoteException; 
} 
 
StudentImpl.java 
 
import java.rmi.*; 
import java.net.*; 
import java.rmi.server.*; 
import java.sql.*; 
import java.io.*; 
 
class StudentImpl extends UnicastRemoteObject implements 
StudentIntf,Serializable 
{ 
 Connection con=null; 
 Statement stmt=null; 
 ResultSet rs=null; 
 ResultSetMetaData rsmd; 
  
 int cnt=0; 
 public StudentImpl()throws RemoteException 
 { 
  try 
  { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
  con=DriverManager.getConnection("jdbc:odbc:mydsn"); 
  stmt=con.createStatement(); 
  } 
  catch (Exception ar) 
  { 
  } 
   
 } 
 
 int getCounty() 
 { 
  int count=0; 
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  try 
  { 
   ResultSet rs1=stmt.executeQuery("Select * From Stud"); 
    
    while(rs1.next()) 
   { 
      count++; 
   } 
  } 
  catch (Exception att) 
  { 
  } 
    
   return count; 
 } 
 public String[] getResult() 
 { 
  int county=getCounty(); 
  String str[]=new String[county]; 
  try 
  { 
   rs=stmt.executeQuery("Select * From Stud"); 
   //stmt.executeUpdate("Insert into Stud values 
('abc',45,'hhh')"); 
   rsmd=rs.getMetaData(); 
   int col=rsmd.getColumnCount(); 
    
   int j=0; 
   int count=0; 
    
   String temp=""; 
   while(rs.next()) 
   { 
    cnt++; 
    str[j]=""; 
    for(int i=1;i<=col;i++) 
    { 
     temp=rs.getString(i); 
     str[j]=str[j]+temp+"\t"; 
    } 
    j++; 
     
   } 
  } 
  catch (Exception ass) 
  { 
  } 
  return str; 
 } 
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 public int getCount() 
 { 
  return cnt; 
 } 
} 
 
StudentClient.java 
 
import java.rmi.*; 
import java.net.*; 
import java.sql.*; 
import java.io.*; 
class StudentClient implements Serializable 
{ 
 public static void main(String args[]) 
 { 
  try 
  { 
   ResultSet rs1; 
   ResultSetMetaData rsmd; 
   System.out.println("This is client screen"); 
 
   StudentIntf ob=(StudentIntf)Naming.lookup("Student"); 
   String str[]=ob.getResult(); 
   int colcnt=ob.getCount(); 
   for(int i=0;i<colcnt;i++) 
   { 
    System.out.println(str[i]); 
     
   } 
 
  
  } 
  catch (Exception att) 
  { 
   System.out.println(att.toString()+""); 
  } 
 } 
} 
 
StudentServer.java 
 
import java.rmi.*; 
import java.net.*; 
import java.rmi.server.*; 
import java.io.*; 
class StudentServer implements Serializable 
{ 
 public static void main(String args[]) 
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 { 
  try 
  { 
    StudentImpl ob1=new StudentImpl(); 
    Naming.rebind("Student",ob1); 
  } 
  catch (Exception ar) 
  { 
  } 
  
 } 
} 
 
 
Output: 

  

 

b) Retrieve the list of books available in the library.     

LibraryIntf.java 
import java.rmi.*; 
import java.net.*; 
import java.sql.*; 
interface LibraryIntf extends Remote 
{ 
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 public String[] getResult()throws RemoteException; 
 public int getCount()throws RemoteException; 
} 
 
LibraryImpl.java 
import java.rmi.*; 
import java.net.*; 
import java.rmi.server.*; 
import java.sql.*; 
import java.io.*; 
class LibraryImpl extends UnicastRemoteObject implements 
LibraryIntf,Serializable 
{ 
 Connection con=null; 
 Statement stmt=null; 
 ResultSet rs=null; 
 ResultSetMetaData rsmd; 
  
 int cnt=0; 
 public LibraryImpl()throws RemoteException 
 { 
  try 
  { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
  con=DriverManager.getConnection("jdbc:odbc:mydsn1"); 
  stmt=con.createStatement(); 
  } 
  catch (Exception ar) 
  { 
  } 
   
 } 

int getCounty() 
 { 
  int count=0; 
  try 
  { 
   ResultSet rs1=stmt.executeQuery("Select * From 
Book"); 
    
    while(rs1.next()) 
   { 
      count++; 
   } 
  } 
  catch (Exception att) 
  { 
  } 
    
   return count; 
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 } 
 public String[] getResult() 
 { 
  int county=getCounty(); 
  String str[]=new String[county]; 
  try 
  { 
   rs=stmt.executeQuery("Select * From Book"); 
   //stmt.executeUpdate("Insert into Stud values 
('abc',45,'hhh')"); 
   rsmd=rs.getMetaData(); 
   int col=rsmd.getColumnCount(); 
    
   int j=0; 
   int count=0; 
    
    
   String temp=""; 
   while(rs.next()) 
   { 
    cnt++; 
    str[j]=""; 
    for(int i=1;i<=col;i++) 
    { 
     temp=rs.getString(i); 
     str[j]=str[j]+temp+"\t"; 
    } 
    j++; 
     
   } 

} 
  catch (Exception ass) 
  { 
  } 
  return str; 
 } 
 public int getCount() 
 { 
  return cnt; 
 } 
} 
 
LibraryClient.java 
 
import java.rmi.*; 
import java.net.*; 
import java.sql.*; 
import java.io.*; 
class LibraryClient implements Serializable 
{ 
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 public static void main(String args[]) 
 { 
  try 
  { 
   ResultSet rs1; 
   ResultSetMetaData rsmd; 
   System.out.println("This is client screen"); 
 
   LibraryIntf ob=(LibraryIntf)Naming.lookup("Lib"); 
   String str[]=ob.getResult(); 
   int colcnt=ob.getCount(); 
   for(int i=0;i<colcnt;i++) 
   { 
    System.out.println(str[i]); 
     
   } 
 
  
  } 
  catch (Exception att) 
  { 
   System.out.println(att.toString()+""); 
  } 
 }} 
LibraryServer.java 
 
import java.rmi.*; 
import java.net.*; 
import java.rmi.server.*; 
import java.io.*; 
class LibraryServer implements Serializable 
{ 
 public static void main(String args[]) 
 { 
  try 
  { 
    LibraryImpl ob1=new LibraryImpl(); 
  Naming.rebind("Lib",ob1); 
  } 
  catch (Exception ar) 
  { 
  } 
  
 } 
} 
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Output:  

 

c) Retrieve the MTNL billing information from the MTNL     
database 

MtnlIntf.java 

import java.rmi.*; 

import java.net.*; 

import java.sql.*; 

interface MtnlIntf extends Remote 

{ 

 public String[] getResult()throws RemoteException; 

 public int getCount()throws RemoteException; 

} 

 

MtnlImpl.java 

import java.rmi.*; 

import java.net.*; 

import java.rmi.server.*; 

import java.sql.*; 

import java.io.*; 

class  MtnlImpl extends UnicastRemoteObject implements  
MtnlIntf,Serializable 

{ 
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 Connection con=null; 

 Statement stmt=null; 

 ResultSet rs=null; 

 ResultSetMetaData rsmd; 

  int cnt=0; 

 public  MtnlImpl()throws RemoteException 

 { 

  try 

  { 

  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 

  con=DriverManager.getConnection("jdbc:odbc:mydsn2"); 

  stmt=con.createStatement(); 

  } 

  catch (Exception ar) 

  { 

  } 

   

 } 

 

 int getCounty() 

 { 

  int count=0; 

 

  try 

  { 

   ResultSet rs1=stmt.executeQuery("Select * From 
MTNLTab"); 

    

    while(rs1.next()) 

   { 
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      count++; 

   } 

  } 

  catch (Exception att) 

  { 

  } 

    

   return count; 

 } 

 public String[] getResult() 

 { 

  int county=getCounty(); 

  String str[]=new String[county]; 

  try 

  { 

   rs=stmt.executeQuery("Select * From MTNLTab"); 

   //stmt.executeUpdate("Insert into Stud values 
('abc',45,'hhh')"); 

   rsmd=rs.getMetaData(); 

   int col=rsmd.getColumnCount(); 

    

   int j=0; 

   int count=0; 

    

   String temp=""; 

   while(rs.next()) 

   { 

    cnt++; 

    str[j]=""; 

    for(int i=1;i<=col;i++) 
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    { 

     temp=rs.getString(i); 

     str[j]=str[j]+temp+"\t"; 

    } 

    j++; 

     

   } 

    

  } 

  catch (Exception ass) 

  { 

  } 

  return str; 

 } 

 

 public int getCount() 

 { 

  return cnt; 

 } 

} 

 

MtnlClient.java 

import java.rmi.*; 

import java.net.*; 

import java.sql.*; 

import java.io.*; 

class MtnlClient implements Serializable 

{ 

 public static void main(String args[]) 
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 { 

  try 

  { 

   ResultSet rs1; 

   ResultSetMetaData rsmd; 

   System.out.println("This is client screen"); 

 

   MtnlIntf ob=(MtnlIntf)Naming.lookup("mtnl"); 

   String str[]=ob.getResult(); 

   int colcnt=ob.getCount(); 

   for(int i=0;i<colcnt;i++) 

   { 

    System.out.println(str[i]); 

     

   } 

 

  

  } 

  catch (Exception att) 

  { 

   System.out.println(att.toString()+""); 

  } 

 } 

} 

MtnlServer.java 

import java.rmi.*; 

import java.net.*; 

import java.rmi.server.*; 

import java.io.*; 
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class MtnlServer implements Serializable 

{ 

 public static void main(String args[]) 

 { 

  try 

  { 

    MtnlImpl ob1=new MtnlImpl(); 

  Naming.rebind("mtnl",ob1); 

  } 

  catch (Exception ar) 

  { 

  } 

  

 } 

} 

Output: 
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5.6  SUMMARY 

The RMI (Remote Method Invocation) is an API that provides a 
mechanism to create distributed application in java. The RMI allows an 
object to invoke methods on an object running in another JVM. 

The RMI provides remote communication between the applications using 
two objects stub and skeleton. 

5.7 PRACTISE QUESTIONS 

1) Write an RIM-JDBC Application to retrieve passenger details from 
Reservation Database. 

2) Write an RIM-JDBC Application to retrieve citizen details from census 
Database. 

3) Write an RIM-JDBC Application to retrieve Customer details from EIS 
Server CRM Database. 

4) Write an RIM-JDBC Application to retrieve book details from ISBN 
Database. 

5) Write an RIM-JDBC Application to retrieve payment details from 
Billing Database. 

5.8  REFERENCES 
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Module 6 

6 
ENTERPRISE JAVA BEANS 

Unit Structure : 

6.1  Objective 

6.2  Aim 

6.3  Concept 

6.4  Program Code 

6.5  Summary 

6.6  Practise Questions 

6.7  References 

6.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

6.2 AIM 

 To understand the concept of Enterprise Java Bean in Distributed  
Application. 

6.3 Concept 

1) Sample program for basic arithmetic operations implemented in session 
bean. 

2) Sample program on message bean demonstration. 

3) Sample program to Book Information using Entity bean 

4) Demonstrate a program on Statefull and Stateless Bean. 
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6.4 PROGRAM CODE 

1) Sample program for basic arithmetic operations implemented in 
session bean. 

My Session Bean.java 

package com.ejb; 
import javax.ejb.Stateless; 
@Stateless 
public class MySessionBean implements MySessionBeanRemote 
{ 
public int add(int a, int b) { 
return a+b; 
} 
public int sub(int a, int b) { 
return a-b; 
} 
public int mul(int a, int b) { 
return a*b; 
} 
public int div(int a, int b) { 
return a/b; 
} 
} 

MySessionBeanRemote.java :- 
package com.ejb; 
import javax.ejb.Remote; 
@Remote 
public interface MySessionBeanRemote 
{ 
int add(int a, int b); 
int sub(int a, int b); 
int mul(int a, int b); 
int div(int a, int b); 
} 

index.jsp :- 
<%@page contentType=”text/html” pageEncoding=”UTF-8″%> 
<html> 
<head> 
<meta http-equiv=”Content-Type” content=”text/html; charset=UTF-8″> 
<title>Page</title> 
</head> 
<body> 
<form action=”test” method=”post”> 
<table border=”1″> 
<thead> 
<tr> 
<th colspan=”2″>Calculator</th> 
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</tr> 
</thead> 
<tbody> 
<tr> 
<td>Enter 1st number </td> 
<td><input type=”text” name=”t1″ value=”” /></td> 
</tr> 
<tr> 
<td>Enter 2nd number </td> 
<td><input type=”text” name=”t2″ value=”” /></td> 
</tr> 
<tr> 
<td colspan=”2″> 
<input type=”radio” name=”rdogrp” value=”Add” checked=”checked” 
/>Add 
<input type=”radio” name=”rdogrp” value=”Subtract” />Subtract 
<input type=”radio” name=”rdogrp” value=”Multiply” />Multiply 
<input type=”radio” name=”rdogrp” value=”Divide” />Divide </td> 
</tr> 
<tr> 
<td colspan=”2″ align=”center”> 
<input type=”submit” value=”Click to see the result” name=”b1″ 
align=”center” /> </td> 
</tr> 
</tbody> 
</table> 
</form> 
</body> 
</html> 

test.java 
import com.ejb.*; 
import java.io.IOException; 
import java.io.PrintWriter; 
import javax.servlet.ServletException; 
import javax.servlet.http.HttpServlet; 
import javax.servlet.http.HttpServletRequest; 
import javax.servlet.http.HttpServletResponse; 
public class test extends HttpServlet { 
protected void processRequest(HttpServletRequest request, 
HttpServletResponse response) 
throws ServletException, IOException { 
response.setContentType(“text/html;charset=UTF-8”); 
PrintWriter out = response.getWriter(); 
try { 
MySessionBean bean = new MySessionBean(); 
int a = Integer.parseInt(request.getParameter(“t1”)); 
int b = Integer.parseInt(request.getParameter(“t2”)); 
String s = request.getParameter(“rdogrp”); 
out.println(“<h3>”); 
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if(s.equals(“Add”)) 
out.println(“Result :- ” + bean.add(a, b)); 
else if(s.equals(“Subtract”)) 
out.println(“Result :- ” + bean.sub(a, b)); 
else if(s.equals(“Multiply”)) 
out.println(“Result :- ” + bean.mul(a, b)); 
else if(s.equals(“Divide”)) 
out.println(“Result :- ” + bean.div(a, b)); 
out.println(“</h3>”); 
} finally { 
out.close(); 
} 
} 
} 

2) Sample program on message bean demonstration. 

The simplemessage application has the following components: 

● SimpleMessageClient: An application client that sends several 
messages to a queue 

● SimpleMessageBean: A message-driven bean that asynchronously 
receives and processes the messages that are sent to the queue 

Figure 25-1 illustrates the structure of this application. The application 
client sends messages to the queue, which was created administratively 
using the Administration Console. The JMS provider (in this case, the 
GlassFish Server) delivers the messages to the instances of the message-
driven bean, which then processes the messages. 

 

Figure: The simplemessage Application (Source: 
https://docs.oracle.com/)  

The simplemessage Application Client 

The SimpleMessageClient sends messages to the queue that 
the SimpleMessageBean listens to. The client starts by injecting the 
connection factory and queue resources: 

@Resource(mappedName="jms/ConnectionFactory") 

private static ConnectionFactory connectionFactory; 

@Resource(mappedName="jms/Queue") 

private static Queue queue; 
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Next, the client creates the connection, session, and message producer: 

connection = connectionFactory.createConnection(); 

session = connection.createSession(false, 
Session.AUTO_ACKNOWLEDGE); 

messageProducer = session.createProducer(queue); 

Finally, the client sends several messages to the queue: 

message = session.createTextMessage(); 

for (int i = 0; i < NUM_MSGS; i++) { 

    message.setText("This is message " + (i + 1)); 

    System.out.println("Sending message: " + message.getText()); 

    messageProducer.send(message); 

} 

The Message-Driven Bean Class 

The code for the Simple Message Bean class illustrates the requirements 
of a message-driven bean class: 

● It must be annotated with the @Message Driven annotation if it does 
not use a deployment descriptor. 

● The class must be defined as public. 

● The class cannot be defined as abstract or final. 

● It must contain a public constructor with no arguments. 

● It must not define the finalize method. 

It is recommended, but not required, that a message-driven bean class 
implement the message listener interface for the message type it supports. 
A bean that supports the JMS API implements 
the javax.jms.MessageListener interface. 

Unlike session beans and entities, message-driven beans do not have the 
remote or local interfaces that define client access. Client components do 
not locate message-driven beans and invoke methods on them. Although 
message-driven beans do not have business methods, they may contain 
helper methods that are invoked internally by the onMessage method. 

For the GlassFish Server, the @MessageDriven annotation typically 
contains a mappedName element that specifies the JNDI name of the 
destination from which the bean will consume messages. For complex 
message-driven beans, there can also be an activationconfig element 
containing @ActivationConfigProperty annotations used by the bean. 

A message-driven bean can also inject a MessageDrivenContext resource. 
Commonly you use this resource to call the setRollbackOnly method to 
handle exceptions for a bean that uses container-managed transactions. 

Therefore, the first few lines of the SimpleMessageBean class look like 
this: 
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@MessageDriven(mappedName="jms/Queue", activationConfig =  { 

        @ActivationConfigProperty(propertyName = "acknowledgeMode", 

                                  propertyValue = "Auto-acknowledge"), 

        @ActivationConfigProperty(propertyName = "destinationType", 

                                  propertyValue = "javax.jms.Queue") 

    }) 

public class SimpleMessageBean implements MessageListener { 

    @Resource 

    private MessageDrivenContext mdc; 

    ... 

NetBeans IDE typically creates a message-driven bean with a default set 
of @ActivationConfigProperty settings. You can delete those you do not 
need, or add others. Table below lists commonly used properties. 

Table: @ActivationConfigProperty Settings for Message-Driven 
Beans 

Property Name Description 

Acknowledge Mode Acknowledgment mode; see Controlling Message 
Acknowledgment for information 

destinationType Either javax.jms.Queue or javax.jms.Topic 

Subscription 
Durability 

For durable subscribers, set to Durable; see Creating Durable 
Subscriptions for information 

Client Id For durable subscribers, the client ID for the connection 

Subscription Name For durable subscribers, the name of the subscription 

Message Selector A string that filters messages; see JMS Message Selectors for 
information, and see An Application That Uses the JMS API with 
a Session Bean for an example 

Address List Remote system or systems with which to communicate; see An 
Application Example That Consumes Messages from a Remote 
Server for an example 

 

The onMessage Method 

When the queue receives a message, the EJB container invokes the 
message listener method or methods. For a bean that uses JMS, this is 
the onMessage method of the MessageListener interface. 

A message listener method must follow these rules: 

● The method must be declared as public. 

● The method must not be declared as final or static. 
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The onMessage method is called by the bean’s container when a message 
has arrived for the bean to service. This method contains the business 
logic that handles the processing of the message. It is the message-driven 
bean’s responsibility to parse the message and perform the necessary 
business logic. 

The onMessage method has a single argument: the incoming message. 

The signature of the onMessage method must follow these rules: 

● The return type must be void. 

● The method must have a single argument of type javax.jms.Message. 

In the SimpleMessageBean class, the onMessage method casts the 
incoming message to a TextMessage and displays the text: 

public void onMessage(Message inMessage) { 
    TextMessage msg = null; 
    try { 
        if (inMessage instanceof TextMessage) { 
            msg = (TextMessage) inMessage; 
            logger.info("MESSAGE BEAN: Message received: " + 
                msg.getText()); 
        } else { 
            logger.warning("Message of wrong type: " + 
                inMessage.getClass().getName()); 
        } 
    } catch (JMSException e) { 
        e.printStackTrace(); 
        mdc.setRollbackOnly(); 
    } catch (Throwable te) { 
        te.printStackTrace(); 
    } 
} 
 
Running the simplemessage Example 

You can use either NetBeans IDE or Ant to build, package, deploy, and 
run the simplemessage example. 

Administered Objects for the simplemessage Example 

This example requires the following: 

● A JMS connection factory resource 

● A JMS destination resource 
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To Run the simplemessage Application Using NetBeans IDE 

1. From the File menu, choose Open Project. 

2. In the Open Project dialog, navigate to tut-install/examples/ejb/ 

3. Select the simplemessage folder. 

4. Select the Open as Main Project check box and the Open Required 
Projects check box. 

5. Click Open Project. 

6. In the Projects tab, right-click the simplemessage project and choose 
Build. 

     This task packages the application client and the message-driven bean, 
then creates a file named simplemessage.ear in the dist directory. 

7. Right-click the project and choose Run. 

This command creates any needed resources, deploys the project, returns a 
JAR file named simplemessageClient.jar, and then executes it. 

The output of the application client in the Output pane looks like this 
(preceded by application client container output): 

Sending message: This is message 1 

Sending message: This is message 2 

Sending message: This is message 3 

To see if the bean received the messages, 

 check <install_dir>/domains/domain1/logs/server.log. 

The output from the message-driven bean appears in the server log 
(domain-dir/logs/server.log), wrapped in logging information. 

MESSAGE BEAN: Message received: This is message 1 

MESSAGE BEAN: Message received: This is message 2 

MESSAGE BEAN: Message received: This is message 3 

The received messages may appear in a different order from the order in 
which they were sent. 

To Run the simplemessage Application Using Ant 

1. In a terminal window, go to: 

tut-install/examples/ejb/simplemessage/ 

2. To compile the source files and package the application, use the 
following command:  
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ant 

This target packages the application client and the message-driven bean, 
then creates a file named simplemessage.ear in the dist directory. 

By using resource injection and annotations, you avoid having to create 
deployment descriptor files for the message-driven bean and application 
client. You need to use deployment descriptors only if you want to 
override the values specified in the annotated source files. 

2. To create any needed resources, deploy the application, and run the 
client using Ant, use the following command: 

ant run 

Ignore the message that states that the application is deployed at a URL. 

The output in the terminal window looks like this (preceded by application 
client container output): 

Sending message: This is message 1 

Sending message: This is message 2 

Sending message: This is message 3 

To see if the bean received the messages, 

 check <install_dir>/domains/domain1/logs/server.log. 

In the server log file, the following lines appear, wrapped in logging 
information: 

MESSAGE BEAN: Message received: This is message 1 

MESSAGE BEAN: Message received: This is message 2 

MESSAGE BEAN: Message received: This is message 3 

The received messages may appear in a different order from the order in 
which they were sent. 

3) Sample program to Book Information using Entity bean 

SQL Schema for the Book table mapped from the Book bean:  
CREATE TABLE BOOKBANK (  
  ID int(11) NOT NULL auto_increment,  
  TITLE varchar(50) NOT NULL,  
  AUTHOR varchar(50) NOT NULL,  
  PRICE decimal(12,2) NOT NULL,  
  PRIMARY KEY  (ID)   
);   
@Entity   
@Table(name="book")   
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@SequenceGenerator(name = "book_sequence", sequenceName = 
"book_id_seq")  
public class Book implements Serializable {  
Long empid; 
    @Id  
  @GeneratedValue  
  public Long getId()  
   { return id; }   
    public void setId(Long id)   
  { this.id = id; }   
} 
 
package entity.library; 
import javax.persistence.Entity; 
import javax.persistence.GeneratedValue;  
import javax.persistence.GenerationType; 
import javax.persistence.Id; 
import javax.persistence.Table; 
import java.util.Collection; 
import javax.persistence.*; 
import java.io.Serializable; 
 
@Entity 
@Table(name="bookbank") 
public class BookBank implements Serializable { 
 
  long id; 
  String title; 
  String author; 
  double price; 
 
  //protected Collection <LineItems> lineitems; 
 
  public BookBank() { 
  super(); 
  } 
 
public BookBank(String title, String author, double price) { 
  super(); 
  this.title = title; 
  this.author = author; 
  this.price = price; 
  } 
 
  @Id 
  @GeneratedValue(strategy=GenerationType.AUTO) 
 
 // Getter and setter methods for the defined properties.. 
 
  public long getId() { 
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  return id; 
  } 
  public void setId(long id) { 
  this.id = id; 
  } 
 
  public String getTitle() { 
  return title; 
  } 
  public void setTitle(String title) { 
  this.title = title; 
  } 
 
  public String getAuthor() { 
  return author; 
  } 
 
  public void setAuthor(String author) { 
  this.author = author; 
  } 
 
  public double getPrice() { 
  return price; 
  } 
  public void setPrice(double price) { 
  this.price = price; 
  } 
 
} 
 
package entity.library; 
 
import javax.ejb.Remote; 
import java.util.Collection; 
@Remote 
public interface BookCatalogInterface { 
  public void addBook 
 (String title, String author, double price); 
  public Collection <BookBank> getAllBooks(); 
} 
 
 
BookCatalogBean 
package entity.library; 
 
import java.util.Iterator; 
import java.util.Collection; 
import javax.ejb.Stateless; 
import javax.persistence.EntityManager; 
import javax.persistence.PersistenceContext; 
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import java.io.Serializable; 
import javax.ejb.Remote; 
@Remote(BookCatalogInterface.class) 
@Stateless 
public class BookCatalogBean implements Serializable, 
BookCatalogInterface { 
  @PersistenceContext(unitName="EntityBean") 
 EntityManager em; 
  protected BookBank book; 
  protected Collection <BookBank> bookList; 
 
 public void addBook(String title, String author, double price) { 
  // Initialize the form 
  if (book == null) 
 book = new BookBank(title, author, price);  
  em.persist(book); 
  } 
 
  public Collection <BookBank>getAllBooks() { 
 bookList=em.createQuery("from BookBank b").getResultList(); 
 return bookList; 
  } 
} 
 
Web Client Code 
<%@ page contentType="text/html; charset=UTF-8" %> 
<%@ page import="entity.library.*, javax.naming.*, java.util.*"%> 
 
 <%! 
  private BookCatalogInterface bci = null; 
  String s1,s2,s3; 
  Collection list; 
   
  public void jspInit() { 
  try { 
   
  InitialContext ic = new InitialContext(); 
  bci = (BookCatalogInterface) 
ic.lookup("book/BookCatalogBean/remote"); 
 
  System.out.println("Loaded Bank Bean"); 
 
  } catch (Exception ex) { 
  System.out.println("Error:"+ 
  ex.getMessage()); 
  } 
  } 
  public void jspDestroy() { 
  bci = null; 
  } 
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%> 
  <% 
  try { 
  s1 = request.getParameter("t1"); 
  s2 = request.getParameter("aut"); 
  s3 = request.getParameter("price"); 
 
  if ( s1 != null && s2 != null && s3 != null) { 
  Double price= new Double(s3); 
  bci.addBook(s1, s2, price.doubleValue()); 
  System.out.println("Record added:"); 
 %> 
  <p> 
  <b>Record added</b>  
  <p> 
   
  <% 
  } 
  list=bci.getAllBooks(); 
  for (Iterator iter = list.iterator(); iter.hasNext();){ 
  BookBank element = (BookBank)iter.next(); 
  %> 
  <br> 
 <p>Book ID: <b><%= element.getId() %></b></p> 
  <p>Title: <b><%= element.getTitle() %></b></p> 
  <p>Author: <b><%= element.getAuthor() %></b></p> 
  <p>Price: <b><%= element.getPrice() %></b></p> 
 
  <% 
  } 
  }// end of try 
  catch (Exception e) { 
  e.printStackTrace (); 
  } 
  %> 
 
index.jsp 
<html> 
<head> 
<title>Library</title> 
</head> 
 
<body bgcolor="pink"> 
<h1>Library</h1> 
<hr> 
 
<form action="WebClient.jsp" method="POST"> 
<p>Enter the Title: 
<input type="text" name="t1" size="25"></p> 
<br> 
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<p>Enter Author name: 
<input type="text" name="aut" size="25"></p> 
<br> 
<p>Enter Price: 
<input type="text" name="price" size="25"></p> 
<br>  
 
<p> 
<input type="submit" value="Submit"> 
<input type="reset" value="Reset"></p> 
 
</form> 
</body> 
</html> 
 
Deploy book application on the Application Server 
jboss-app.xml 
The jboss-app.xml file defines a class loader for this application. It makes 
it simpler for EJB 3.0 to find the default EntityManager. 
<jboss-app> 
  <loader-repository> 
  book:archive=book.ear
  </loader-repository> 
</jboss-app> 
Application.xml 
  
 <?xml version="1.0" encoding="UTF-8"?> 
<application xmlns="http://java.sun.com/xml/ns/javaee"  
mlns:xsi="http://www.w3.org/2001/XMLSchema-instance" version="5"  
xsi:schemaLocation="http://java.sun.com/xml/ns/javaee  
http://java.sun.com/xml/ns/javaee/application_5.xsd"> 
 
 
  <display-name>JPA Example</display-name> 
  <module> 
  <web> 
  <web-uri>book.war</web-uri> 
  <context-root>/book</context-root> 
  </web> 
  </module> 
 
  <module> 
  <ejb>book.jar</ejb> 
  </module> 
 
</application> 
 
persistence.xml 
<persistence> 
  <persistence-unit name="EntityBean"> 
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  <jta-data-source>java:/DefaultDS</jta-data-source> 
  <properties> 
  <property name="hibernate.hbm2ddl.auto" 
  value="create-drop"/> 
<property name="hibernate.dialect"  
   value="org.hibernate.dialect.HSQLDialect"/>  
 </properties> 
  </persistence-unit> 
</persistence> 
 
Put this files in the EntityBean\code\deploymentdescriptors\jar directory. 
 
web.xml 
 
<?xml version="1.0" encoding="UTF-8"?> 
 
<!DOCTYPE web-app PUBLIC "-//Sun Microsystems, Inc.//DTD Web 
Application 2.3//EN" "http://java.sun.com/dtd/web-app_2_3.dtd"> 
<web-app > 
</web-app> 
 
Start command prompt, and go to the EntityBean\code directory. Then 
type the command as: 
C:\ EntityBean\code>ant build.xml 
 
The Ant tool will deploy the book.ear file to the jboss-
4.2.0.GA\server\default\deploy directory. 
 
  Running the book application 
 
  Open the web browser and type the following URL to run the 
application: 
 
http://localhost:8080/book 
 
4) Demonstrate a program on Stateful and Stateless Bean. 
BankRemote.java 
package com.javatpoint;   
import javax.ejb.Remote;   
@Remote   
public interface BankRemote {   
    boolean withdraw(int amount);   
    void deposit(int amount);   
    int getBalance();   
}   
 
Bank.java 
package com.javatpoint;   
import javax.ejb.Stateful;   
@Stateful(mappedName = "stateful123")   
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public class Bank implements BankRemote {   
    private int amount=0;   
    public boolean withdraw(int amount){   
        if(amount<=this.amount){   
            this.amount-=amount;   
            return true;   
        }else{   
            return false;   
        }   
    }   
    public void deposit(int amount){   
        this.amount+=amount;   
    }   
    public int getBalance(){   
        return amount;   
    }   
}   
 
 
index.jsp 
<a href="OpenAccount">Open Account</a>   
 
operation.jsp 
<form action="operationprocess.jsp">   
Enter Amount:<input type="text" name="amount"/><br>   
  Choose Operation:   
Deposit<input type="radio" name="operation" value="deposit"/>   
Withdraw<input type="radio" name="operation" value="withdraw"/>   
Check balance<input type="radio" name="operation" 
value="checkbalance"/>   
<br>   
<input type="submit" value="submit">   
</form>   
 
operationprocess.jsp 
<%@ page import="com.javatpoint.*" %>   
<%   
BankRemote remote=(BankRemote)session.getAttribute("remote");   
String operation=request.getParameter("operation");   
String amount=request.getParameter("amount");   
   
if(operation!=null){   
       
    if(operation.equals("deposit")){   
        remote.deposit(Integer.parseInt(amount));   
        out.print("Amount successfully deposited!");   
    }else   
        if(operation.equals("withdraw")){   
            boolean status=remote.withdraw(Integer.parseInt(amount));   
            if(status){   
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                out.print("Amount successfully withdrawn!");   
            }else{   
                out.println("Enter less amount");   
            }   
        }else{   
            out.println("Current Amount: "+remote.getBalance());   
        }   
}   
%>   
<hr/>   
<jsp:include page="operation.jsp"></jsp:include>   
 
OpenAccount.java 
package com.javatpoint;   
import java.io.IOException;   
import javax.ejb.EJB;   
import javax.naming.InitialContext;   
import javax.servlet.ServletException;   
import javax.servlet.annotation.WebServlet;   
import javax.servlet.http.HttpServlet;   
import javax.servlet.http.HttpServletRequest;   
import javax.servlet.http.HttpServletResponse;   
@WebServlet("/OpenAccount")   
public class OpenAccount extends HttpServlet {   
    //@EJB(mappedName="stateful123")   
    //BankRemote b;   
    protected void doGet(HttpServletRequest request, HttpServletResponse 
response)   
                throws ServletException, IOException {   
        try{   
            InitialContext context=new InitialContext();   
            BankRemote b=(BankRemote)context.lookup("stateful123");   
               
            request.getSession().setAttribute("remote",b);   
            request.getRequestDispatcher("/operation.jsp").forward(request, 
response);   
           
        }catch(Exception e){System.out.println(e);}   
    }   
}  
  

6.5 SUMMARY 

EJB (Enterprise Java Bean) is used to develop scalable, robust and 
secured enterprise applications in java. Unlike RMI, middleware services 
such as security, transaction management etc. are provided by EJB 
Container to all EJB applications. The current version of EJB is EJB 3.2. 
The development of EJB 3 is faster than EJB 2 because of simplicity and 
annotations such as @EJB, @Stateless, @Stateful, @ModelDriven, 
@PreDestroy, @PostConstruct etc. 
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6.6 PRACTISE QUESTIONS 

1) Write a EJB program for implementing scientific calculator using 
session bean. 

2) Write a program to implement message bean demonstration. 

3) Write a program to store Customer Information using Entity bean 

4) Implement a Shopping cart using Stateful Bean. 

5) Implement a currency converter bean using Stateless Bean. 
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Module :7 

7 
MUTUAL EXCLUSION 

Unit Structure :  

7.1  Aim 

7.2  Objective 

7.3  Theory 

7.4  Program 

7.5  Output 

7.6  Questions 

7.1 AIM 

Implementation of mutual exclusion using Token Ring Algorithm in 
distributed system. 

7.2 OBJECTIVE 

The objective of this module is to give understanding of mutual exclusion 
in distributed system and various technique to achieve mutual exclusion. 

7.3 THEORY 

Mutual exclusion is a concurrency control property which makes sure 
that the processes access the shared resources or data in a serialized way. 

In other words, it is the requirement that a process cannot enter its critical 
section while another concurrent process is currently present or executing 
in its critical section i.e., only one process is allowed to execute the critical 
section at any given instance of time. 

Critical section is a section that is accessible to only one process at a time. 

Requirements of any Mutual exclusion Algorithm: 

1. No Deadlock: 

     Two or more processes should not wait for any message that will never 
arrive. That means no deadlock situation should be there in the 
distributed system. 
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2. No Starvation: 

     Every process who wants to execute critical section should get an 
opportunity to execute it in finite time. Any process should not wait 
indefinitely to execute critical section while other process is repeatedly 
executing critical section 

3. Fairness: 

     Each process should get a fair chance to execute critical section. Any 
request to execute critical section must be executed in the order they 
are made i.e Critical section execution requests should be executed in 
the order of their arrival in the system. 

4. Fault Tolerance: 

    In case of failure, it should be able to recognize it by itself in order to 
continue functioning without any disruption. 

The different algorithms to implement mutual exclusion in distributed 
system are: 

1. Centralized Algorithm 

2. Distributed Algorithm 

3. Token Ring Algorithm  

Centralized Algorithm 

● In centralized algorithm, one processor is elected as a coordinator.  

● Whenever a process wants to access a shared resource it sends a request 
message to the coordinator saying which resource it wants to access 
and asking for permission. 

●  If no other process is currently accessing that resource, the coordinator 
sends back a reply message granting permission.  

● when the reply arrives the requesting process can go ahead. 

●  Now if another process asks for permission to access the same 
resource, the coordinator knows that a different process is already using 
the resource. 

● So, it cannot grant permission. The coordinator just doesn’t reply, thus 
blocking another process which is waiting for a reply. The coordinator 
puts the second process in queue. 

● When the first process is finished with the resource, it sends a release 
message to the coordinator. 

● Now the coordinator dequeue first item from the queue and sends the 
grant message to that process (second process). 
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Distributed Algorithm 

● Ricart–Agrawala algorithm is an algorithm to achieve mutual exclusion 
in a distributed system which was proposed by Glenn Ricart and Ashok 
Agrawala. 

● This algorithm is an extension and optimization of Lamport’s 
Distributed Mutual Exclusion Algorithm.  

● Ricart -Agrawala algorithm also follows permission-based approach to 
ensure mutual exclusion just like Lamport’s Algorithm. 

● In this algorithm two type of messages (REQUEST and REPLY) are 
used and communication channels are assumed to follow FIFO order. 

● A timestamp is given to each critical section request using Lamport’s 
logical clock. 

● Timestamp is used to determine priority of critical section requests. 
Smaller timestamp gets high priority over larger timestamp. The 
execution of critical section request is always in the order of their 
timestamp. 

The working of Ricart-Agrawala algorithm is as follows: 

● When a process wants to enter a critical section, it sends a request 
message to all other processes. The message contains the following 
information: 

1. The process identifier of the process. 

2. The name of the critical section that process wants to enter. 

3. A unique timestamp generated by the process for the request 
message. 

● On receiving a request message, a process either immediately sends 
back a reply message to the sender or postpones sending a reply based 
on the following rules:  

1. If the receiver is not in the critical section nor is waiting for its turn 
to enter the critical section, it sends back an OK message to the 
sender. 

2. If the receiver process is itself currently in the critical section, it does 
not reply    instead it queues the request message. 

3. If the receiver process wants to enter the critical and is waiting for 
its turn to enter the critical section, it compares the timestamp in the 
incoming message with the timestamp in its own request message 
that it has sent to other processes. The lowest one wins. If the 
incoming message is lower than the receiver, the receiver sends back 
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an OK message. If its own message has a lower timestamp, the 
receiver queues the incoming requests and sends nothing. 

● After requests are sent for permission to enter a critical region, a 
process sits back and waits until all processes have given permissions 

● It enters the critical section as soon as it has received reply messages 
from all processes. After it finishes executing in the critical section, it 
sends OK message to all processes in its queue and deletes them from 
its queue. 

Token Ring Algorithm 

● In this algorithm it is assumed that all the processes in the system are 
organized in a logical ring. The figure blow shows the token ring 
structure. 

 

● The ring positions may be allocated in numerical order of network 
addresses and is unidirectional means that all messages are passed only 
in clockwise or anti-clockwise direction. 

● When the ring is initialized, process 0 is given a token. 

● The token circulates around the ring. 

● It passes from process k to process k + 1 in point-to-point messages. 

● When a process receives the token from its neighbor, it checks whether 
it needs to access the shared resource. If so, the process go ahead does 
all the work it need to do and release the resource after it has finished, 
it passes the token to the next process in the ring. 

● If a process is handed the token by its neighbor and is not interested in 
the resource it just passes the token to the next process. As a 
consequence, when no process needs the resource, the token just 
circulates at high speed around the ring. 
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7.4 PROGRAM 

In this practical we are going to create three java files: 

1. TokenServer.java 

2. TokenClient1.java 

3. TokenClient2.java 

TokenServer.java 

This java file will only display the message typed by the client in the 
critical section. 

import java.io.*; 
import java.net.*; 
public class TokenServer 
{ 
    public static void main(String agrs[])throws Exception 
        { 
            
            while(true) 
            { 
            Server sr=new Server(); 
            sr.recPort(8000); 
            sr.recData(); 
            } 
        } 
} 
 
class Server 
{ 
    
    boolean hasToken=false; 
    boolean sendData=false; 
    int recport; 
    
    void recPort(int recport) 
    { 
        this.recport=recport; 
    } 
 
    void recData()throws Exception 
    { 
        byte buff[]=new byte[256]; 
        DatagramSocket ds; 
        DatagramPacket dp; 
        String str; 
        
        ds=new DatagramSocket(recport); 
        dp=new DatagramPacket(buff,buff.length); 
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        ds.receive(dp); 
      
        str=new String(dp.getData(),0,dp.getLength()); 
        System.out.println("The message is "+str); 
          ds.close(); 
    } 
} 
 
TokenClient1.java 
 
import java.io.*; 
import java.net.*; 
public class TokenClient1 
{ 
    public static void main(String arg[]) throws Exception 
        { 
            InetAddress lclhost; 
            BufferedReader br; 
            String str=""; 
            TokenClient12 tkcl,tkser; 
            boolean hasToken; 
            boolean setSendData; 
            
            while(true) 
            { 
            lclhost=InetAddress.getLocalHost(); 
            tkcl = new TokenClient12(lclhost); 
            tkser = new TokenClient12(lclhost);        
            tkcl.setSendPort(9004); 
            tkcl.setRecPort(8002); 
            lclhost=InetAddress.getLocalHost(); 
            tkser.setSendPort(9000); 
 
            if((tkcl.hasToken == true)) 
            { 
                
                System.out.println("Do you want to enter the critical section–---- 
> YES/NO"); 
                br=new BufferedReader(new InputStreamReader(System.in)); 
                str=br.readLine(); 
                if((str.equalsIgnoreCase("yes"))) 
                {   
                   System.out.println("Client One is in Critical Section"); 
                    System.out.println("Ready to send data in critical section"); 
                    tkser.setSendData = true; 
                    tkser.sendData(); 
                    tkser.setSendData = false; 
                } 
                else if((str.equalsIgnoreCase("no"))) 
                { 
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                    tkcl.sendData(); 
                    tkcl.recData(); 
 
                } 
     
 
            } 
            else 
            { 
            System.out.println("WAITING FOR TOKEN"); 
                tkcl.recData(); 
            } 
    } 
} 
 
}        
 
            
class TokenClient12 
{ 
    InetAddress lclhost; 
    int sendport,recport; 
    boolean hasToken = true; 
    boolean setSendData = false; 
    TokenClient12 tkcl,tkser; 
    TokenClient12(InetAddress lclhost) 
    { 
        
        this.lclhost = lclhost; 
    } 
    
    void setSendPort(int sendport) 
    { 
        this.sendport = sendport; 
    } 
 
    void setRecPort(int recport)    
    { 
        this.recport = recport; 
    } 
 
    
void sendData() throws Exception 
        { 
        BufferedReader br; 
        String str="Token"; 
        DatagramSocket ds; 
        DatagramPacket dp; 
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        if(setSendData == true) 
        { 
            
            System.out.println("Enter the Data "); 
            br=new BufferedReader(new InputStreamReader(System.in)); 
            str = "Data send from ClientOne…..." + br.readLine(); 
            System.out.println("Data Sending to server"); 
                    
        } 
            ds = new DatagramSocket(sendport); 
            dp = new 
DatagramPacket(str.getBytes(),str.length(),lclhost,(sendport-1000)); 
            ds.send(dp); 
            ds.close(); 
            setSendData = false; 
            hasToken = false; 
    } 
    
    void recData()throws Exception 
    { 
        String msgstr; 
        byte buffer[] = new byte[256]; 
        DatagramSocket ds; 
        DatagramPacket dp; 
 
        ds = new DatagramSocket(recport); 
        dp = new DatagramPacket(buffer,buffer.length); 
        ds.receive(dp); 
         
        msgstr = new String(dp.getData(),0,dp.getLength()); 
        System.out.println("TOKEN HAS BEEN RECEIVED"); 
        
        if((msgstr.equals("Token"))) 
            { 
                hasToken = true; 
            } 
  
ds.close(); 
    } 
    
} 
 
TokenClient2.java 
import java.io.*; 
import java.net.*; 
public class TokenClient2 
{ 
    static boolean setSendData ; 
    static boolean hasToken ; 
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    public static void main(String arg[]) throws Exception 
        { 
            InetAddress lclhost; 
            BufferedReader br; 
            String str1; 
            TokenClient21 tkcl; 
            TokenClient21 ser; 
            while(true) 
            { 
            lclhost=InetAddress.getLocalHost(); 
            tkcl = new TokenClient21(lclhost); 
            tkcl.setRecPort(8004);        
            tkcl.setSendPort(9002); 
            lclhost=InetAddress.getLocalHost(); 
            ser = new TokenClient21(lclhost); 
            ser.setSendPort(9000); 
            if(hasToken == true) 
            { 
                
                System.out.println("Do you want to enter the critical Section ----
----> YES/NO"); 
                br=new BufferedReader(new InputStreamReader(System.in)); 
                str1=br.readLine(); 
                if((str1.equalsIgnoreCase("yes"))) 
                {    
                   System.out.println("Client Two is in critical section"); 
                   ser.setSendData = true; 
                   ser.sendData(); 
                   ser.setSendData = false; 
                    } 
                else if((str1.equalsIgnoreCase("no"))) 
                { 
                    tkcl.sendData(); 
 
                    hasToken=false; 
                } 
            } 
            else 
            { 
            System.out.println("Waiting for Token");    
            tkcl.recData(); 
            hasToken=true; 
            } 
        } 
    } 
} 
class TokenClient21 
{ 
    InetAddress lclhost; 
    int sendport,recport; 
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    boolean setSendData = false; 
    boolean hasToken = false; 
    TokenClient21 tkcl; 
    TokenClient21 ser; 
 
    
    TokenClient21(InetAddress lclhost) 
    { 
        
        this.lclhost = lclhost; 
    } 
    
    void setSendPort(int sendport) 
    { 
        this.sendport = sendport; 
    } 
 
    void setRecPort(int recport)    
    { 
        this.recport = recport; 
    } 
 
    void sendData() throws Exception 
    { 
        
        BufferedReader br; 
        String str="Token"; 
        DatagramSocket ds; 
        DatagramPacket dp; 
        
        if(setSendData == true) 
        { 
            System.out.println("Enter the Data"); 
            br=new BufferedReader(new InputStreamReader(System.in)); 
            str = "Data Send from ClientTwo….." + br.readLine(); 
            System.out.println("Data Sending to Server"); 
        } 
            ds = new DatagramSocket(sendport); 
            dp = new 
DatagramPacket(str.getBytes(),str.length(),lclhost,sendport-1000); 
            ds.send(dp); 
            ds.close(); 
            setSendData = false; 
            hasToken = false; 
        
    } 
    
   void recData()throws Exception 
    { 
        String msgstr; 
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        byte buffer[] = new byte[256]; 
        DatagramSocket ds; 
        DatagramPacket dp; 
        ds = new DatagramSocket(recport); 
        dp = new DatagramPacket(buffer,buffer.length); 
        ds.receive(dp); 
        ds.close(); 
        msgstr = new String(dp.getData(),0,dp.getLength()); 
        System.out.println("TOKEN HAS BEEN RECEIVED "); 
        if(msgstr.equals("Token")) 
            { 
                hasToken = true; 
            } 
    } 
    
} 
 
 

7.5 OUTPUT 

TokenServer 

 

TokenClient1 
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TokenClient2 

 

 

7.6 QUESTIONS 

1. Which of the following is an example of election algorithm? 

A. Berkley algorithm: 

B. bully algorithm. 

C. Cristian’s algorithm 

D. lamport’s 

2. Which algorithm requires "1 to ∞" messages to enter and leave a 
critical region? 

A. token ring algorithm 

B. centralized algorithm 

C. decentralized algorithm 

D. distributed algorithm 

3. _________ is a process that prevents multiple threads or processes 
from accessing shared resources at the same time. 

A. Deadlock 

B. Critical section 

C. Mutual Exclusion 

D. Message passing 
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4. In the token passing approach of distributed systems, processes are 
organized in a ring structure. 

A. Logically 

B. Physically 

C. Both logically and physically 

D. No specific to any structure 

5. The Ricart & Agrawala distributed mutual exclusion algorithm is 

A. More efficient and more fault tolerant than a centralized algorithm. 

B. Less efficient and less fault tolerant than a centralized algorithm 

C. Less efficient but more fault tolerant than a centralized algorithm. 

D. More efficient but less fault tolerant than a centralized algorithm. 
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Module 8 

8 
CLOUD COMPUTING 

Unit Structure :  

8.1  Objective 

8.2  Aim 

8.3  Concept 

8.4  Introduction 

8.5  Virtualization Technologies. 

8.6  Virtual Machine Technology. 

8.7  Cloud data center. 

8.8  Summary 

8.9  Practise Questions 

8.10  References 

8.1 OBJECTIVE 

1. To Understand Concepts of distributed and cloud computing 

2. To learn open-source technology. 

3. To teach various protection and security mechanisms for data using 
cloud concepts 

8.2 AIM 

 Study of cloud technologies 

8.3 CONCEPT 

1) Virtualization Technologies. 

2) Virtual Machine Technology. 

3) Cloud data center. 
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8.4 INTRODUCTION 

Virtualization is the creation of a virtual -- rather than actual -- version of 
something, such as an operating system (OS), a server, a storage device or 
network resources. 

Virtualization uses software that simulates hardware functionality to create 
a virtual system. This practice allows IT organizations to operate multiple 
operating systems, more than one virtual system and various applications 
on a single server. The benefits of virtualization include greater 
efficiencies and economies of scale. 

OS virtualization is the use of software to allow a piece of hardware to run 
multiple operating system images at the same time. The technology got its 
start on mainframes decades ago, allowing administrators to avoid wasting 
expensive processing power. 

8.5 VIRTUALIZATION TECHNOLOGIES 

Virtualization describes a technology in which an application, guest OS or 
data storage is abstracted away from the true underlying hardware or 
software. A key use of virtualization technology is server virtualization, 
which uses a software layer -- called a hypervisor -- to emulate the 
underlying hardware. This often includes the CPU's memory, input/output 
(I/O) and network traffic. 

Hypervisors take the physical resources and separate them so they can be 
utilized by the virtual environment. They can sit on top of an OS or they 
can be directly installed onto the hardware. The latter is how most 
enterprises virtualize their systems. 

The Xen hypervisor is an open-source software program that is 
responsible for managing the low-level interactions that occur between 
virtual machines (VMs) and the physical hardware. In other words, the 
Xen hypervisor enables the simultaneous creation, execution and 
management of various virtual machines in one physical environment. 

With the help of the hypervisor, the guest OS, normally interacting with 
true hardware, is now doing so with a software emulation of that 
hardware; often, the guest OS has no idea it's on virtualized hardware. 

While the performance of this virtual system is not equal to the 
performance of the operating system running on true hardware, the 
concept of virtualization works because most guest operating systems and 
applications don't need the full use of the underlying hardware. 

This allows for greater flexibility, control and isolation by removing the 
dependency on a given hardware platform. While initially meant for server 
virtualization, the concept of virtualization has spread to applications, 
networks, data and desktops. 
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The virtualization process follows the steps listed below: 

1. Hypervisors detach the physical resources from their physical 
environments. 

2. Resources are taken and divided, as needed, from the physical 
environment to the various virtual environments. 

3. System users work with and perform computations within the virtual 
environment. 

4. Once the virtual environment is running, a user or program can send an 
instruction that requires extra resources form the physical environment. 
In response, the hypervisor relays the message to the physical system 
and stores the changes. This process will happen at an almost native 
speed. 

The virtual environment is often referred to as a guest machine or virtual 
machine. The VM acts like a single data file that can be transferred from 
one computer to another and opened in both; it is expected to perform the 
same way on every computer. 

There are six areas of IT where virtualization is making headway: 

1. Network virtualization is a method of combining the available 
resources in a network by splitting up the available bandwidth into 
channels, each of which is independent from the others and can be 
assigned -- or reassigned -- to a particular server or device in real time. 
The idea is that virtualization disguises the true complexity of the 
network by separating it into manageable parts, much like your 
partitioned hard drive makes it easier to manage your files. 

2. Storage virtualization is the pooling of physical storage from multiple 
network storage devices into what appears to be a single storage device 
that is managed from a central console. Storage virtualization is 
commonly used in storage area networks. 

3. Server virtualization is the masking of server resources -- including 
the number and identity of individual physical servers, processors and 
operating systems -- from server users. The intention is to spare the 
user from having to understand and manage complicated details of 
server resources while increasing resource sharing and utilization and 
maintaining the capacity to expand later. 

The layer of software that enables this abstraction is often referred to as 
the hypervisor. The most common hypervisor -- Type 1 -- is designed to 
sit directly on bare metal and provide the ability to virtualize the hardware 
platform for use by the virtual machines. KVM virtualization is a Linux 
kernel-based virtualization hypervisor that provides Type 1 virtualization 
benefits like other hypervisors. KVM is licensed under open source. A 
Type 2 hypervisor requires a host operating system and is more often used 
for testing and labs. 
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4. Data virtualization is abstracting the traditional technical details of 
data and data management, such as location, performance or format, in 
favor of broader access and more resiliency tied to business needs. 

5. Desktop virtualization is virtualizing a workstation load rather than a 
server. This allows the user to access the desktop remotely, typically 
using a thin client at the desk. Since the workstation is essentially 
running in a data center server, access to it can be both more secure and 
portable. The operating system license does still need to be accounted 
for as well as the infrastructure. 

6. Application virtualization is abstracting the application layer away 
from the operating system. This way, the application can run in an 
encapsulated form without being depended upon on by the operating 
system underneath. This can allow a Windows application to run on 
Linux and vice versa, in addition to adding a level of isolation. 

Advantages of virtualization 

The advantages of utilizing a virtualized environment include the 
following: 

● Lower costs : Virtualization reduces the amount of hardware servers 
necessary within a company and data center. This lowers the overall 
cost of buying and maintaining large amounts of hardware. 

● Easier disaster recovery: Disaster recovery is very simple in a 
virtualized environment. Regular snapshots provide up-to-date data, 
allowing virtual machines to be feasibly backed up and recovered. Even 
in an emergency, a virtual machine can be migrated to a new location 
within minutes. 

● Easier testing : Testing is less complicated in a virtual environment. 
Even if a large mistake is made, the test does not need to stop and go 
back to the beginning. It can simply return to the previous snapshot and 
proceed with the test. 

● Quicker backups : Backups can be taken of both the virtual server and 
the virtual machine. Automatic snapshots are taken throughout the day 
to guarantee that all data is up-to-date. Furthermore, the virtual 
machines can be easily migrated between each other and efficiently 
redeployed. 

● Improved productivity: Fewer physical resources result in less time 
spent managing and maintaining the servers. Tasks that can take days 
or weeks in a physical environment can be done in minutes. This allows 
staff members to spend the majority of their time on more productive 
tasks, such as raising revenue and fostering business initiatives. 
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Benefits of virtualization 

Virtualization provides companies with the benefit of maximizing their 
output. Additional benefit for both businesses and data centers include the 
following: 

● Single-minded servers : Virtualization provides a cost-effective way 
to separate email, database and web servers, creating a more 
comprehensive and dependable system. 

● Expedited deployment and redeployment : When a physical server 
crashes, the backup server may not always be ready or up to date. There 
also may not be an image or clone of the server available. If this is the 
case, then the redeployment process can be time-consuming and 
tedious. However, if the data center is virtualized, then the process is 
quick and fairly simple. Virtual backup tools can expedite the process 
to minutes. 

● Reduced heat and improved energy savings : Companies that use a 
lot of hardware servers risk overheating their physical resources. The 
best way to prevent this from happening is to decrease the number of 
servers used for data management, and the best way to do this is 
through virtualization. 

● Better for the environment : Companies and data centers that utilize 
copious amounts of hardware leave a large carbon footprint; they must 
take responsibility for the pollution they are generating. Virtualization 
can help reduce these effects by significantly decreasing the necessary 
amounts of cooling and power, thus helping clean the air and the 
atmosphere. As a result, companies and data centers that virtualize will 
improve their reputation while also enhancing the quality of their 
relationship with customers and the planet. 

● Easier migration to the cloud : Virtualization brings companies closer 
to experiencing a completely cloud-based environment. Virtual 
machines may even be deployed from the data center in order to build a 
cloud-based infrastructure. The ability to embrace a cloud-based 
mindset with virtualization makes migrating to the cloud even easier. 

● Lack of vendor dependency : Virtual machines are agnostic in 
hardware configuration. As a result, virtualizing hardware and software 
means that a company does not need to depend on a vendor for these 
physical resources. 

Limitations of virtualization 

Before converting to a virtualized environment, it is important to consider 
the various upfront costs. The necessary investment in virtualization 
software, as well as hardware that might be required to make the 
virtualization possible, can be costly. If the existing infrastructure is more 
than five years old, an initial renewal budget will have to be considered. 
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Fortunately, many businesses have the capacity to accommodate 
virtualization without spending large amounts of cash. Furthermore, the 
costs can be offset by collaborating with a managed service provider that 
provides monthly leasing or purchase options. 

There are also software licensing considerations that must be considered 
when creating a virtualized environment. Companies must ensure that they 
have a clear understanding of how their vendors view software use within 
a virtualized environment. This is becoming less of a limitation as more 
software providers adapt to the increased use of virtualization. 

Converting to virtualization takes time and may come with a learning 
curve. Implementing and controlling a virtualized environment demands 
each IT staff member to be trained and possess expertise in virtualization. 
Furthermore, some applications do not adapt well when brought into a 
virtual environment. The IT staff will need to be prepared to face these 
challenges and should address them prior to converting. 

There are also security risks involved with virtualization. Data is crucial to 
the success of a business and, therefore, is a common target for attacks. 
The chances of experiencing a data breach significantly increase while 
using virtualization. 

8.6 VIRTUAL MACHINE TECHNOLOGY 

A virtual machine (VM) is a digital version of a physical computer. 
Virtual machine software can run programs and operating systems, store 
data, connect to networks, and do other computing functions, and requires 
maintenance such as updates and system monitoring. Multiple VMs can be 
hosted on a single physical machine, often a server, and then managed 
using virtual machine software. This provides flexibility for compute 
resources (compute, storage, network) to be distributed among VMs as 
needed, increasing overall efficiency. This architecture provides the basic 
building blocks for the advanced virtualized resources we use today, 
including cloud computing. 

Definition: A VM is a virtualized instance of a computer that can perform 
almost all of the same functions as a computer, including running 
applications and operating systems. 

Virtual machines run on a physical machine and access computing 
resources from software called a hypervisor. The hypervisor abstracts the 
physical machine’s resources into a pool that can be provisioned and 
distributed as needed, enabling multiple VMs to run on a single physical 
machine. 
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VMs are the basic building blocks of virtualized computing resources and 
play a primary role in creating any application, tool, or environment—for 
virtual machines online and on-premises. Here are a few of the more 
common enterprise functions of virtual machines: 

Consolidate servers : VMs can be set up as servers that host other VMs, 
which lets organizations reduce sprawl by concentrating more resources 
onto a single physical machine. 

Create development and test environments : VMs can serve as isolated 
environments for testing and development that include full functionality 
but have no impact on the surrounding infrastructure. 

Support DevOps : VMs can easily be turned off or on, migrated, and 
adapted, providing maximum flexibility for development.  

Enable workload migration : The flexibility and portability that VMs 
provide are key to increasing the velocity of migration initiatives. 

Improve disaster recovery and business continuity :  Replicating 
systems in cloud environments using VMs can provide an extra layer of 
security and certainty. Cloud environments can also be continuously 
updated. 

Create a hybrid environment : VMs provide the foundation for creating 
a cloud environment alongside an on-premises one, bringing flexibility 
without abandoning legacy systems. 
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8.7 CLOUD DATA CENTER  

A cloud data center moves a traditional on-prem data center off-site. 
Instead of personally managing their own infrastructure, an organization 
leases infrastructure managed by a third-party partner and accesses data 
center resources over the Internet. 

Under this model, the cloud service provider is responsible for 
maintenance, updates, and meeting service level agreements (SLAs) for 
the parts of the infrastructure stack under their direct control. The 
migration from an on-premises data center to a cloud data center doesn’t 
mean moving everything to the cloud. Many companies have hybrid 
cloud data centers which have a mix of on-premises data center 
components and virtual data centers components. In the figure below we 
see how as-a-service models are shifting ownership of data center and 
infrastructure components from a fully owned and operated on-premises 
facility towards a commodity service model. 

   

Nearly all organizations now have at least some of their infrastructure 
hosted in the cloud. The reason for this is that cloud data centers offer a 
number of advantages over maintaining an on-prem data center.  Some of 
the pros and cons of cloud-based vs. on-premises data centers include: 

 Scalability: In an on-premises data center, resource scalability is limited 
by the infrastructure that the company has purchased and deployed. In the 
cloud, additional resources can be quickly and easily spun up as needed. 

● Flexibility: In an on-premises data center, resource flexibility is limited 
by the need to acquire, provision, or update appliances. In the cloud, a 
customer can spin up or take down resources quickly to meet business 
needs. 

● Cost: Maintaining an on-prem data center is more expensive than a 
cloud-based one.  On-prem, an organization pays full price for all of 
their infrastructure. In the cloud, resources can be shared, and cloud 
service providers can take advantage of economies of scale. 
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● Availability: In an on-premises data center, an organization has 
complete control over their infrastructure, which can be good or bad.  
In the cloud, availability is protected by service level agreements, 
which may provide better guarantees than an organization can in-house. 

● Security: In the cloud, the cloud service provider is responsible for 
securing part of an organization’s infrastructure stack and is likely 
more practiced at doing so. However, some customers may want 
additional security of their cloud-based data centers that are not 
natively provided by the cloud service provider. 

● Accessibility: In an on-prem data center, the organization has complete 
control over the systems that it deploys and uses. In the cloud, the 
organization is limited to what is offered by the service provider. 

● Elastic resources  

 Expand and contract resources  

 Pay-per-use  

 Infrastructure on demand  

  Multi-tenancy  

 Multiple independent users  

 Security and resource isolation  

 Amortize the cost of the (shared) infrastructure  

 Flexible service management  

 Resiliency: isolate failure of servers and storage  

 Workload movement: move work to other locations 

Data Center Challenges 

 Traffic load balance  

 Support for VM migration  

 Achieving bisection bandwidth  

 Power savings / Cooling  

 Network management (provisioning)  

 Security (dealing with multiple tenants) 

Data Center Costs 

 Servers: 45%  
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 CPU, memory, disk  

 Infrastructure: 25%  

 UPS, cooling, power distribution  

 Power draw: 15%  

 Electrical utility costs  

 Network: 15%  

 Switches, links, transit  

Traditional DC Topology 

  

DC Network Requirements 

 Scalability  

 Incremental build out?  

 Reliability  

 Loop free forwarding  

 VM migration  

 Reasonable management burden  

 Humans in the loop?  

Management: L2 vs. L3 

 Ethernet switching (layer 2)  

 Cheaper switch equipment  

 Fixed addresses and auto-configuration  
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 Seamless mobility, migration, and failover  

 IP routing (layer 3)   

 Scalability through hierarchical addressing  

 Efficiency through shortest-path routing  

 Multipath routing through equal-cost multipath  

 Data centers often connect layer-2 islands by IP routers 

FAT Tree-Based Solution 

 An all Layer-3 solution  

 Connect end-host together using a “fat-tree” 
topology   

 Infrastructure consist of cheap devices  

 Each port supports same speed as 
endhost  

 All devices can transmit at line speed if 
packets are distributed along existing paths  

 A k-port fat tree can support k3/4 hosts 

  

Data Center Management 

Data center management is a collective term for all of the tasks related to 
managing the operations of an organization’s data centers. This includes 
both managing the infrastructure and securing it against cyber threats. 

Transitioning to the Cloud Poses New Challenges 

In the past, organizations largely operated their own data centers on-site. 
This included managing both the computer systems of the data center and 
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the resources required to keep them operational (heating and cooling, 
uninterruptible power supplies, etc.). 

Now, many organizations have transitioned to using cloud-based 
infrastructure instead of on-prem data centers. Under this model, the cloud 
services provider is responsible for the majority of the infrastructure stack. 

However, this does not mean that customers no longer have any 
responsibility for data center management. Data center managers are 
responsible for maintaining and securing the portions of their 
infrastructure stack that are under their control based upon their chosen 
service model and their cloud service provider’s shared responsibility 
model. 

With a transition to the cloud comes new challenges for data center 
managers and security teams. In order to protect today’s data centers there 
is a need for higher levels of flexibility in order to keep up with the 
migration of application workloads. 

Data Center Management Components and Tasks 

Data Centers are  composed of elements designed to perform three main 
functions: 

Compute: Compute resources provide the memory and processing power 
needed to run applications. 

Storage: Storage resources host enterprise data on a variety of different 
media, including backups. 

Network: Networking resources support communications between the 
various components within the data center and with the outside world. 

 Data center managers need to ensure that data centers are capable of 
meeting service level agreements (SLAs) with regard to all of these types 
of resources. This includes both long-term strategic planning and short-
term monitoring and response to situations that could impact the 
operations of the data center. 

Data Center Security 

The modern data center and network requires the flexibility of a hybrid 
cloud security architecture that uses automation and AI to scale threat 
prevention performance on demand on premise and in the cloud, with a 
simplified and unified management system.  

8.8 SUMMARYS 

Enterprise data centers increasingly incorporate cloud computing 
resources and facilities to secure and protect in-house, onsite resources. As 
enterprises increasingly turn to cloud computing, the boundaries between 
cloud providers' data centers and enterprise data centers become less clear. 
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8.9 PRACTISE QUESTIONS 

1. Define Virtualization. Also explain its concept in brief. 

2. Write a short note on Hypervisor. 

3. What are the steps for implementing hypervisor? 

4. list the six areas of IT where virtualization is applied. 

5. What are the advantages of Virtualization? 

6. What are the benefits of Virtualization? 

7. What are the limitations of Virtualization? 

8. Write a short note on VM technology. 

9. List some common enterprise functions of virtual machines. 

10. Write a note on cloud data centre. 
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9 
GRID SERVICES -STUDY OF GRID 

SERVICES USING VARIOUS TOOLS 

 

Unit Structure : 

9.0  Grid Computing 

9.1  Types of Grid Computing 

9.2  Applications of Grid Computing 

9.3  Grid Service 

9.4   Web Service Architecture 

9.5   Grid Service Tools 

9.6  GANGSIM 

9.7  GRIDSIM 

9.8  Various models in GRIDSIM 

9.9  Comparison of various  GRID Simulators 

9.10  Implementation Process using GRIDSIM 

9.11  References 

9.0 GRID COMPUTING 

Grid computing is defined as a distributed architecture of multiple 
computers connected by networks that work together to accomplish a joint 
task. These tasks are compute-intensive and are difficult to handle by a 
single machine. Several machines on a network collaborate under a 
common protocol and work as a single virtual supercomputer to get 
complex tasks done. This offers powerful virtualization by creating a 
single system image that grants users and applications seamless access to 
IT capabilities. 
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Fig 1: Working of an Grid Computing 

A typical grid computing network consists of three machine types: 

❖ Control node/server 

❖ Provider/grid node 

❖ User 

Key Components of Grid Computing 

A grid computing environment consists of a set of primary grid 
components. As grid designs and their expected usage vary, specific 
components may or may not always be a part of the grid network. These 
components can be combined to form a hybrid component in specific 
scenarios. Although the combination of elements may differ depending on 
use cases, understanding their roles can help you while developing grid-
enabled applications. 

 

Fig 2: Grid Computing – Key Components 
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9.1 TYPES OF GRID COMPUTING  

Grid computing is divided into several types based on its uses and the task 
at hand.  

   

Fig 3: Types of Grid Computing 

9.2 APPLICATIONS OF GRID COMPUTING 

Grid computing acts as an enabling technology for developing several 
applications across diverse fields like science, business, health, and 
entertainment. 

 

Fig 4: Applications of Grid Computing 
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9.3 GRID SERVICE 

A Grid Service is a Web Service which conforms to a set of conventions 
(interfaces and behaviours) that define how a client interacts with a Grid 
service. The basis for Grid Services is Web Services - a network 
accessible functions that can be invoked via a well-defined remote 
interface. 

Web Services enable service-oriented architectures: 

❖ Internet-based applications with loosely-coupled clients and servers 

❖ The most common implementation of web services works in a 
simple Request-Response paradigm using the HTTP for transmitting 
messages 

9.4 WEB SERVICES ARCHITECTURE 

Web Services are layered for transmitting messages 

   

Fig 5: Web Services Architecture 

9.5 GRID SERVICE TOOLS 

The following are the list of tools: 

1. Micro Grid 

2.  Bricks 

3.  SimGrid 

4.  GangSim 

5.  GridSim 
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Fig 6: Generic view of world-wide Grid computing Environment 

Typical view of Grid Environment 

 

Fig 7: Grid Environment 

We will discuss about two tools that are used to perform multi-purpose 
tasks such as virtual infrastructure, scheduling and allocation of various 
resources. 

9.6 GANGSIM 

GangSim is a scheduling simulator for the grid computing that derives 
from an enhancement of the Ganglia monitoring toolkit for virtual 
organizations. It simulates a policy-driven management infrastructure 
where the allocation of individual resource is determined from the 
interactions between allocation policies across virtual organizations.  

 

 

 

 



 

 

Cloud Computing 

 

111 

GANGSIM ARCHITECTURE 

   

Fig 8: VO-Level Architecture 

GangSim simulator simulates a policy-driven management infrastructure 
in which policies conceding the allocation of resources within 
communities (VOs) and the allocation of resources across VOs at 
individual sites interacts to determine the ultimate allocation of individual 
computing resources such as CPU, disk, and network.  

The principal components of the architecture are: 

❖ External Schedulers(ES) 

❖ Local Schedulers(LS) 

❖ Data Schedulers(DS) 

❖ Monitoring Distribution Points(MDP) 

❖ Site Policy Enforcement Points(S-PEP) 

❖ VO Policy Enforcement Points(V-PEP) 

External Schedulers, Local Schedulers, and Data Scheduler: These 
components represent points where various scheduling decisions are 
performed. An ES queues user jobs and selects a best site candidate for 
each job. Once scheduled to a site, a job moves from the ES to the LS 
associated with the chosen site. 

Monitoring Data Points: Represents the monitoring infrastructure 
"nodes" that carry out various metrics for Grid components' consumption.  

Policy enforcement points: Responsible for enforcing policies. They 
gather monitoring metrics and other information relevant to their 
operations, and then use this information to steer resource allocations as 
specified by the usage policy. 



  

 

Open Source System 
For ADC Lab 

 

112 

Site policy enforcement points: Enforce site-specific policies. S-PEPs 
operate in a continuous manner, in the sense that jobs are immediately 
preempted or removed when policy requirements are no longer met.  

VO policy enforcement points: Operates in a similar way to S-PEPs. 
Make decisions on a per-job basis to enforce policies regarding VO 
specifications for resource allocations to VO groups or to types of work 
executed by the VO.  

The Components of GangSim are implemented through simulation 
modules, job allocation rules, and environmental states containers. It also 
performs a periodic evaluation on the components status. It is able to 
capture realistic grids’ behaviour but not for detailed behaviours of local 
scheduler and local users’ job. 

Job flow: Jobs are submitted by users to ES queues according to its 
specific policy. Following the site selection, they are moved to LS queues. 
A job may be rejected at the LS, in which case the job is returned to the 
ES queue to re-enter the planning process.  

Costs: The simulator associates different time costs with each successful 
or failed operation. Overall, the following time intervals are counted 
during a job submission. 

❖ time to enter the planner queue  

❖ time for site assignment: queue computations  

❖ time for site transfer: network allocation and transfer 

❖ for the executable  

❖ time for node assignment: queue computations  

❖ time for job transfer 

Simulator steps: GangSim is a discrete simulator, which means that every 
X seconds the simulator evaluates the state of all components in the 
system. Each operation takes place only during the evaluation steps. If a 
jobs has a running time of n*X + X/2, the job will actually occupy a 
computational node for (n+l)*X seconds, but will use only n*X + X/2 
CPU power seconds. As a consequence, the smaller the value of X, the 
higher the accuracy of the simulator. 

Site Usage Policies: UPs are expressed as tuples. Under commitment 
policy, an UP statement considers two upper limits, the epoch limit Rpoch 
and the burst limit Rbu,St. For each limit, there is associated a time 
interval, Tepoh and, respectively, TbUm,t. A job is admitted if and only if 
(a) the average resource utilization for its VO is less than the 
corresponding Repoch over the preceding Tepoch, or (b) there are idle 
resources and the average resource utilization for the VO is less than 
RbU,rt over the preceding Tb,t.  
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ES task assignment strategies: The effectiveness of a specific UP may 
also depend on the strategies used by ES components.  

9.7 GRIDSIM 

GridSim toolkit is an open source platform to simulate the grid computing 
environments and able to model heterogeneous resources. It includes an 
extensible information system which is able to store and query information 
about resource properties to design a resource discovery system. 

The GridSim has a multi-layered and modular architecture. The first layer 
is concerned with the scalable Java interface and the runtime machinery, 
called JVM (Java Virtual Machine), whose implementation is available for 
single and multiprocessor systems. In the second layer, there is a basic 
discrete-event infrastructure built using the interfaces provided by the first 
layer. 

Modelling and simulation of core grid entities such as resources, 
information services, and so on are handled by the third layer and the 
fourth layer is concerned with the simulation of resource aggregators 
called grid resource brokers.  

The interaction between entities is able by using events. The resource 
entities register themselves with the Grid Information Service (GIS) entity, 
by sending events. The classes Input and Output define ports to receive 
and send data in between the entities. 

    

 

Fig 9: Modular architecture for GridSim platform and components 
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9.8 VARIOUS MODELS IN GRIDSIM 

Application Model: 

GridSim does not explicitly define any specific application model. We 
have experimented with a task-farming application model and we believe 
that other parallel application models such as process parallelism, DAGs 
(Directed Acyclic Graphs), divide and conquer etc., described in, can also 
be modeled and simulated using GridSim. In GridSim, each independent 
task may require varying processing time and input files size. Such tasks 
can be created and their requirements are defined through Gridlet objects. 
A Gridlet is a package that contains all the information related to the job 
and its execution management details such as job length expressed in 
MIPS, disk I/O operations, the size of input and output files, and the job 
originator. The GridSim toolkit supports a wide range of Gridlet 
management protocols and services that allow schedulers to map a Gridlet 
to a resource and manage it through out the life cycle. 

Interaction Protocols Model: 

The protocols for interaction between GridSim entities are implemented 
using events. In GridSim, entities use events for both service request and 
service delivery. The events can be raised by any entity to be delivered 
immediately or with specified delay to other entities or itself. The events 
that are originated from the same entity are called internal events and 
those originated from the external entities are called external events. 
Entities can distinguish these events based on the source identification 
associated with them. The GridSim protocols are used for defining entity 
services. Depending on the service protocols, the GridSim events can be 
further classified into synchronous and asynchronous events. An event is 
called synchronous when the event source entity waits until the event 
destination entity performs all the actions associated with the event. An 
event is called asynchronous when the event source entity raises an event 
and continues with other activities without waiting for its completion. 
When the destination entity receives such events or service requests, it 
responds back with results by sending one or more events, which can then 
take appropriate actions. It should be noted that external events could be 
synchronous or asynchronous, but internal events need to be raised as 
asynchronous events only to avoid deadlocks. 
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Fig 10: An event diagram for interaction between a time -shared resource and 
other entities 

Resource Model – Simulating Multitasking and Multiprocessing : 

We can create Processing Elements with different speeds (measured in 
either MIPS or SPEC-like ratings). Then, one or more PEs can be put 
together to create a machine. Similarly, one or more machines can be put 
together to create a Grid resource. Thus, the resulting Grid resource can be 
a single processor, shared memory multiprocessors (SMP), or a distributed 
memory cluster of computers. These grid resources can simulate time - or 
space-shared scheduling depending on the allocation policy. A single PE 
or SMP type grid resource is typically managed by time-shared operating 
systems that use round robin scheduling policy for multitasking. The 
space-shared systems use resource allocation policies such as first-come-
first-served (FCFS), back filling, shortest-job-first served (SJFS), and so 
on. It should also be noted that resource allocation within high-end SMPs 
could also be performed using the space-shared schedulers. Multitasking 
and multiprocessing systems allow concurrently running tasks to share 
system resources such as processors, memory, storage, I/O, and network 
by scheduling their use for very short time intervals. A detailed simulation 
of scheduling tasks in the real systems would be complex and time 
consuming.. The GridSim resources can send, receive, or schedule events 
to simulate the execution of jobs. It schedules self-events for simulating 
resource allocation depending on the scheduling policy and the number of 
jobs in queue or in execution.  
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Fig 11: Modeling time -shared multitasking and multiprocessing based on 
an event scheme 

Steps to install GridSim on Windows:- 

1. Click on the Download button on our website. This will start the 
download from the website of the developer. 

2. Once the GridSim: A Grid Simulation Toolkit is downloaded click on it 
to start the setup process (assuming you are on a desktop computer). 

3. When the installation is finished you should be able to see and run the 
program. 

9.9 COMPARISON OF VARIOUS GRID SIMULATORS:- 

   Table 1: Comparison of various Grid Simulators 

Grid 
Simulator 

Coding Designing 
Environment 

Application 

MicroGri
d 

C Language To handle virtualization and global coordination 

Bricks Java Language To reproduce the results of various structures/workload scheduling 

SimGrid C Library To schedule multiple servers in dynamic and heterogeneous grids 

GangSim Java Library To handles usage constraints for sites and virtual organizations 

GridSim Java Library To handle scheduling, resource discovery and allocation 

 

   Table 2: Listing of network functionalities and features for each grid 
simulator 

Simulation 
Tools 

Routing 
Table Entry 

Type of Transport Protocol Data 
Packetization 

Runtime 
Network Status 

Network QoS 

GridSim Automatic A datagram oriented protocol similar to UDP Supported Supported Supported 

MicroGrid Automatic TCP and UDP Supported Supported Not supported 

SimGrid Manual TCP Not supported Supported Not supported 

OptorSim Manual Not supported Not supported Not supported Not supported 
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9.10 IMPLEMENTATION PROCESS USING GRIDSIM 

Peer-to-Peer/Grid computing has emerged as a potential next generation 
platform for solving large-scale problems in science, engineering, and 
commerce. It is expected to involve millions of (heterogenous) resources 
scattering across multiple organizations, administrative domains, and 
policies. To understand the whole GridSim mechanism, Load  balancing 
algorithm has been implemented in the GridSim as a reference using 
following steps: 

1. Creating Grid Users : 

For an application to have more than one user, unique, User ID needs to be 
considered. In the next step, when the Gridlets (jobs) are created at that 
time we need to specify the User ID to which the Gridlet (job) belongs, 
therefore Grid user creation precedes Gridlet (job) creation. The steps to 
create a Grid User are as follows and also shown in Figure 12. 

i. Create an object of type ResourceUserList. 

ResourceUserListuserList = new ResourceUserList(); 

ii. The above class will create a user list, that will contain the list if users 
who are active. Add to this list Grid users specifying a unique ID, first 
user has to have ID equal to 0. Just keep on adding Grid users to this list if 
we wish to create to more of them. We need to give the user id for each of 
the users, with the following command. 

userList.add (0); 

    

 

Fig 12: Grid resource Creation in GridSim 

2. Creating Gridlets (jobs) : 

After the creation of Grid Resource we create Gridlets in the GridSim and 
then submitted. The job which can run on a Grid resource is called as 
Gridlet. Every Gridlet has a unique ID, which is different from another. 
The user provides the number of Gridlets that needs to be created, then for 
each Gridlet its length, file size, output file size needs to be specified. We 
need to specify the length of Gridlet, its output file size, its input file size, 
its unique ID for simulation. Gridlet creation can be done in two modes, 
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first is the manual option to take care of the statistical needs of highly 
unpredictable Grid environment simulation. Gridlets can be created in a 
manual way and secondly randomly generated. The steps to create 
Gridlets are shown in Figure 13. 

First of all we need to create a list of Gridlets and for this we use the 
method 

GridletList list = createGridlet (); 

Now to create a container to store the Gridlets by using 

GridletList list = new GridletList (); 
 The steps to create Gridlet(s) in manual modes are as follows and also 
shown in Figure 3. 

Manual Steps to Create Gridlets 

Step 1: 

Firstly, specify the file size, output file size, and length of the Gridlet 

Gridlet Gridlet1 = new Gridlet(id, length, file_size,output_size) 

Step 2: 

Then use Queue to keep the list of Gridlets. 

GridletList list = new GridleList () 

   

 

Fig 13. Creating Grid User in GridSim 

 

Fig 14: Gridlets and Grid Users Creation 
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Step 3: 

Store the Gridlets into a Linked-list to keep the Gridlets together. 

list.add(Gridlet1) 

Randomly Steps to Create GridLets 

Step i: 

An object of type random is required 

Step ii: 

An object of Gridlet List is required. 

GridletList list = new GridleList(); 

Step iii: 

GridSimStandardPE needs to be set. 

Step iv: 

Randomly generate the length of the jobs, by using the standard PE to 
MIPS. 

Step v: 

Minimum and Maximum range of the file has to be set. 

Step vi: 

Following are the values that are created by GridSim 

Length = GridSimStandardPE.toMIs(random. Next Double()*output_size) 

file_size = (long) GridSimRandom.real(100, min_range,max_range, 
random.nextDouble()) 

output_size = (long) GridSimRandom.real(250, min_range, max_range, 
random. next Double()) 

Gridlet Gridlet = new Gridlet(id, length, file_size,output_size) 

3. Creating a Grid Resource : 

A Grid Resource simulated in GridSim contains one or more machines. 
Similarly, a machine contains one or more PEs. Below are the steps to be 
followed to create a Grid Resource. 

i. Create an object of type MachineList to store one or more Machines 

MachineListmList = new MachineList (); 

ii. A Machine contains one or more PEs. So, create an object of type 
PEList to store this PEs before creating a Machine. 

PEList peList1 = new PEList (); 



  

 

Open Source System 
For ADC Lab 

 

120 

iii. Create PEs and add these into the object of PEList created in step 2. 
Specify the unique ID of the PE as first parameter and its MIPS (Millions 
of Instruction per Second) rating as second parameter. 

peList1.add (new PE (0, 377)); 

iv. Create a Machine with its unique ID and the PE List associated with it. 

mList.add (newMachine (0, peList1)); 

v. Repeat the steps from step 2 to step 4 to create additional number of 
machines. 

vi. Create a Resource Characteristics object which will store the properties 
of a Grid Resource, its architecture, Operating System, List of Machines, 
Allocation Policy which can be Time Shared or Space Shared, Time Zone 
and Cost of the Resource in terms of $ per PE Time Unit. 

Resource Characteristics resConfig = new Resource Characteristics (arch, 
os, mList, ResourceCharacteristics. TIME_SHARED, time_zone, cost); 

vii. In the final step, create an object of Grid Resource specifying its name, 
communication speed, peak load, off-peak load, holiday load and list of 
holidays along with the Resource Characteristics object which was created 
in the step vi. 

GridResourceGridRes= new GridResource (name,baud_ rate, seed, 
resConfig, peak Load, offPeakLoad, holidayLoad, Weekends, Holidays); 

4. Creating Grid Entities : 

To actually start the simulation in GridSim, we need to create GridSim 
entity, without this we get a Null pointer Exception at runtime. Hence, we 
use the method GridSim.init() which takes parameters as: Calendar Type 
Instance, Trace Boolean Flag with which we can control the tracing of 
GridSim Events, List of files or processing names to be excluded from any 
statistical measures and report name. Figure 15 describes the resultant 
Figure. 

   

Fig 15: Grid Entity Creation in GridSim 
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Fig 16: Gridlet Submission in GridSim 

String [] exclude_from_file = {"" }; 

String [] exclude_from_processing = {"" }; 

String report_name = null; 

GridSim.init (num_user, calendar, trace_flag,exclude_from_fi le, 
exclude_from_processing, 

report_name); 

5. Submission of Gridlet(s) to Grid Resource(s) : 

The steps to be followed to submit the Gridlets to the Grid 

Resources also shown in Figure 16: 

❖ Since GridSim package uses multi-threaded environment the request 
for list of Grid Resources might arrive earlier before one or more 
Grid Resource Entities manage to register themselves to Grid 
Information Service (GIS) entity. Therefore we wait for some micro 
seconds using the Hold method of GridSim Class. 

❖ The GIS will return only the Grid Resource IDs. 

❖ Using the ID obtained in step 2 retrieve Resource Characteristics 
from Resource Entity. 

super.send (resourceID, GridSimTags.SCHEDULE_NOW, 
GridSimTags.RESOURCE_CHARACTERISTICS,this.ID_); 

resChar = (ResourceCharacteristics) super.receiveEvent Object(); 

resourceName = resChar.getResourceName (); 

❖ From the Gridlet list take a Gridlet at a time and then submit to the 
Grid 

❖ Resource Entity with the Grid Resource ID to which intends to 
submit. The last parameter in the method call below signifies that 
need an acknowledgement for Gridlet successful submission. 

SuperGridletSubmit(Gridlet, resourceID[id], 0.0,true); 
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❖ Record the statistics in the GridSim report. 

❖ Repeat the steps 5 and 6 according to the number of Grid Resources 
and Gridlets. 

❖ Create a list of type Gridlet List to keep a record of Gridlets 
submitted. 

  

 

Fig 17: Gridlet Retrieval in GridSim 

    

 

Fig 18: Gridlet Info Retrieval in GridSim 

 

Fig 19: GridSim packages 
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6. Retrieving Back of Gridlet(s) from Grid Resource(s) : 

Figure 17 and Figure 18 shown to receive back finished Gridlets from 
Grid Resources in the following steps: 

❖ Create empty List of type Gridlet List named as Received list 

❖ For each Gridlet submitted call the method 

Gridlet = (Gridlet) super.receiveEventObject (); 

❖ Add this Gridlet to the received List created in step 1 

❖ Repeat the steps 2 and 3 for all the Gridlets submitted. 

❖ Then compare the received list with the submitted list. 

7. Shutting Down Simulation in GridSim : 

To shut down the simulation in GridSim three methods has been used, 
they internally clear all the buffers, release all the files and written reports. 

GridSim.shutdownGridStatisticsEntity (); 

GridSim.shutdownUserEntity (); 

GridSim.terminateIOEntities (); 

8. How to Use GridSim Package : 

We have discussed about how to create users, Gridlets and resources in 
GridSim, now, need to discuss how to use GridSim packages and how a 
Grid user submits it's Gridlets to Grid resources, shown in Figure 19. 

The steps are as follows: 

Step 1: 

Gets an ID for this entity 

this.ID_ = new Integer( getEntityId(name) ); 

Step 2: 

Create a list of Gridlets or Tasks for this Grid user 

this.list_ = createGridlet( this.ID_.intValue() ); 

Step 3: The method that handles communications among GridSim entities. 
Waiting to get list of resources, Resource list contains list of resource IDs 
not Grid resource objects. 

resourceID[i] = ( (Integer)resList.get(i) ).intValue(); 

Step 4: 

Requests to resource entity to send its characteristics 

Step 5: 

Waiting to get a resource characteristics 
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resChar = (ResourceCharacteristics) super.receive EventObject(); 

 

Fig 20: Workload Window 

 

Fig 21: Resource Window 

9. Workload and Grid Resource Entities 

The Workload entity sends Gridlets to a particular Grid Resource entity. 
The steps are as follows: 

Step 1: 

Initialize the GridSim package. It should be called before creating any 
entities. Any program can't run without initializing GridSim otherwise got 
run-time exception error. 

Step 2: 

Creates one or more Grid Resource entities having total number of Grid 
resources, rating of each PE, total number of PEs for each Machine, 
number of Machines etc., and add a resource name into an array 
resArray[i] = resName; 

  

 

Fig 22: PE Level Window 
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Fig 23: Submit Gridlets 

  

 

Fig 24: Move Gridlets 

  

 

Fig 25: Output Window 

Step 3: 

Get the list of trace files. The format should be text, gzip or zip. 
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Step 4: 

Creates one or more Workload trace entities. Each Workload entity can 
only read one trace file and submit its Gridlets to one Grid resource entity. 
 Step 5: 

Starts the simulation by using GridSim.startGridSimulation(); 

Step 6: 

Prints the Gridlets when simulation is over. 
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10.1 THE DISRUPTIVENESS OF TECHNOLOGY: A 
CASE STUDY OF GOOGLE DOMINANCE 

Daryl D Green, Xanshunta L Polk, Katherine Custer, Anna Johnson, Jesse 
Loyd, Joshua Pettijohn, Heidi O’Donnell 

Article  in  Management and Economics Research Journal · June 2020  

DOI: 10.18639/MERJ.2020.1109923 

10.2. INTRODUCTION  
 

In the late 1990s, before Google became a household name, it was a tool 
used by the University of Stanford, which operated under the name of 
“Backrub” because of its “web-crawling nature” and its ability to traverse 
the web (Novack, 2014). Google conducted about 10,000 searches per day 
in the initial days and its average searches per second as on today is more 
than 40,000 (Seo, 2019). Google stands at the heart of technology 
renaissance. Technological advancements and strategies have allowed 
Google to become a mediator and organizer of information so that the 
average user can extract clear and concise information with minimal time 
spent (Oppong, 2015). This case study examines the disruptive nature of 
Google’s strategy in the marketplace to assist researchers and practitioners 
in future projects/works.  
 

10.3. REVIEW OF LITERATURE 

  
Google’s strategy relies on disruptiveness. Disruptive innovation 
addresses potentially harmful disruptive change in the market. Green, 
Taylor, and Ford (2020) argued that disruptive change has a significant 
impact on traditional institutions, producing unpredictability and 
uncertainty. A disruptive innovation helps create a new market and value 
network. The innovation eventually disrupts an existing market and value 
network (Sustaining Innovation vs. Disruptive Innovation, 2017). This 
necessitates large companies to compete in mature markets, while 
concurrently competing in new markets by being flexible and 
experimental (O’Reilly and Binns, 2019). Digital advertising continues to 
be an emerging and vital source of revenue. Digital advertising revenues 
reached $26.2 billion in the United States by the third quarter of 2018 
(Interactive Advertising Bureau, 2019) with an increase of 20.6% from the 
third quarter of 2017 (Interactive Advertising Bureau, 2019). Google 
makes profits through the sale of advertising space on its search engine 
and through Google-owned websites (Gmail, YouTube, etc.). Google 
attacks any disruptions from the inside-out by constantly creating 
innovative ways to attract consumers while being assertive and conducting 
proactive execution. There were 16 million internet users in 1995, and 
there are 4,536,248,808 internet users in 2019 (Budanovic, 2019). 
Predictions indicate there will be 20–50 billion connected devices by 2020 
(Reyna et al., 2018). With the myriad of products and services being 
introduced at an unprecedented pace, along with the development of 



 

 

Case Studies 

129 

countries that are just coming online, the opportunities for Google will 
continue to increase exponentially. Many believe that Google “will change 
our world and become the most powerful business the world has ever 
seen” (Straw and Baxter, 2015). This highly favored action is one strategy 
that keeps Google at the top (Manyika, 2013). Additionally, free apps, 
such as maps and email, have added to Google’s success. Google has 
succeeded in the market for an extended period of time based on market 
research, efficient overall strategy implementation, disruptive innovation, 
and an effective digital advertising cost structure. Cloud computing with 
the Internet of Things (IoT), blockchain, and big data analytics has 
revolutionized the industry and has firmly poised Google for future 
competition with its Google Cloud IoT. 

 

10.3.1. METHOD(S)  

This research uses content analysis to develop and evaluate this 
independent case study specific to Google. com. The organizational 
structure of Google and its ability to exploit strengths and opportunities 
while minimizing weaknesses and threats by using key attributes and facts 
about the business are analyzed (Webster and Webster, 2019). This case 
study also utilizes Porter’s Five Forces theory to explore the organization 
and its foothold in the industry (Lucidchart Content Team, 2018). Through 
this methodology, individuals can attain a better understanding and 
possible insights into the world of Google. 

10.3.1.1 Organizational Background  

Google continues to dominate the digital landscape. Google has a cross-
functional organizational structure that consists of three main components: 
function based, product based, and flatness (Smithson, 2018). The 
function-based branch of the structure is organized based on roles and the 
purpose each serves for the organization. Therefore, Google is divided into 
two distinct groups: global marketing and finance. These groupings 
facilitate communication from the top-down and help navigate through 
any external or internal disruptive changes. By consistently analyzing 
competitors, Google can sustain its place in the market, while identifying 
new ways to evolve their corporate structure and strategies (Smithson, 
2018; Skyler, 2018). The next component is a product-based structure. 
This group creates apps, search entries, and electronic products to target 
businesses and consumers. Lastly, the component of flatness is one of the 
most important and impressive pieces at Google (Thompson, 2018). 
Flatness refers to lines of communication throughout the organization, by 
which the lower levels of the organization can converse openly with the 
upper management. Google uses open communication effectively, thus 
creating an assortment of ideas and innovative strategies from all groups 
in the organization to achieve the same goal. Google prides itself on 
having an innovative and competitive culture. Innovation is a major 
characteristic of Google’s corporate culture. “In relation, the company’s 
organizational structure promotes product development to facilitate high 
performance and competitiveness in the Internet services industry” 
(Smithson, 2018). 
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10.4.  ANALYSIS/FINDINGS  
 

Porter’s Five Forces (Figure 1) and SWOT analysis (Figure 2) were used 
to exam the nature of Google. Both formulas have an emphasis on 
identifying threats to the company by way of substitutions, new entrants, 
and current competitors. While both processes have similarities, they are 
meant to dissect and evaluate different aspects of Google to hopefully 
identify strengths that should be exploited as well as weaker areas. 
 
 

10.4.1. Porter’s Five Forces Buyer Power:  
 

Google customers and users hold a great deal of power. Customers and 
users have many social media, search engines, apps, and email options. 
High buyer power is a significant threat to Google. Buyers can switch to 
other options easily without any personal harm or hindrance incurred 
(Ladd, 2019). 
 

    
 
  
Figure 1: Google Five Forces Analysis 
 

Supplier Power: Supplier power is the firm’s ability to dictate business 
prices, quality, and product diversity within a given industry. Google is 
one of the most visited websites in the world, and as such, its advertising 
space is very attractive (McGinnis 2018; Routley 2019). Ad space for 
Google is a critical factor in determining supplier power because the 
internet offers an over-abundance of advertising opportunities. Utilizing 
the internet for advertising is directly correlated to website traffic. 
Supplier power is high for Google. It is most beneficial for companies to 
advertise on sites that have high levels of web traffic, and Google is at the 
top of that list. Competitive Rivalry: Competitive rivalry occurs when 
firms place pressure on one another to limit profit potential and drive 
innovation. An increased amount of rivalry directly affects the firm’s 
ability to reach and maintain profitable levels. Google has high levels of 
competition because of the increased velocity of the internet and 
technology sector. Google faces many competitors across various aspects 
of its branches, such as search engines (Yahoo and Bing). Thus, Google is 
operating in a highly competitive field with the internet and technology 
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sectors and overextending itself into too many competitive markets. Threat 
of Substitution: Substitutes are products or services that exist in another 
industry that can be used to fulfill the same need of the consumers. The 
threat of substitution is very high for Google because there are many other 
products and search engines that meet the same consumers’ needs, which 
Google targets. Google may be the most trafficked company in the world, 
but many companies are vying for market share (Bendor-Samuel, 2017). 
Threat of New Entrants: Threat of new entrants refers to the possibility 
that a firm could enter the same market and compete with the existing 
firms. Although the possibility for new entrants is very high, new entrants 
will not likely compete well with Google. Google generates billions of 
internet views in one day, and that is not something that could be easily 
replicated by a new entrant. Google holds nearly 80% of global search 
engine market share (Forbes Agency Council, 2017). The barriers to entry 
in the internet ad space sectors are very low, but the barriers to entry in 
other technical fields are much higher. 
 
 

10.4..2. SWOT Analysis Strengths:  
 

The core of Google’s strengths is brand recognition. The term “Googling” 
has become synonymous with internet searches. Of all web searches in 
2016, 75.8% of those searches were done using Google’s search engine. 
Those numbers were predicted to increase to 80.2% by the end of 2019 
(Southern, 2018). Google’s diverse and powerful product ecosystem is 
another strength. Google offers many resources for user productivity. 
However, that percentage is currently closer to 70% for the first half of 
2020 due to the current economic climate. (Associated Press, 2020). 

 

Figure 2: Google SWOT Analysis 

Weaknesses: Google’s heavy reliance on advertising as a revenue stream 
is a weakness. In 3Q of 2018, Google generated $26.24 billion in revenue, 
86% of which came from their advertising business, AdWords (Rodriguez, 
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2018). Many companies are moving their advertising business to 
Facebook and other popular social media outlets. It is becoming more 
apparent that Google needs to find additional revenue streams.  

Opportunities: Google has a jump start on much of the competition when 
it comes to the emerging market of smart home products. Just 5 years ago, 
only 13% of American households utilized smart home products of any 
type. In 2019, it was projected that 38% of households will make the leap 
to a smart home (Shah, 2018). Google entered this arena with the Google 
Home in 2016 and has since expanded into more products that will meet 
consumers’ home needs, such as security and artificial intelligence voice 
assistance.   
 

Threats: Two of the biggest threats are Facebook and Amazon. Facebook 
and Amazon have made a large dent in Google’s market share of digital 
advertisement revenue. Projections show Google’s percentage of US. 
digital ad spending drop from 40.8% in 2016 to a projected 36.3% in 
2020. However, Facebook’s market share has risen from 17.1 to 19.6% 
from 2016 to 2018. Amazon is projected to increase its share by 63.5% to 
$2 billion a year (Koetsier, 2018). Consumers have also turned directly to 
Amazon when searching for products in the marketplace. 
 

10.5. STRATEGIC IMPLICATIONS  
 

From the critical analysis in this research, there are several strategic 
implications to consider, especially to Google, competitors, researchers, 
and practitioners. Google’s success stems primarily from its innovative 
strategies, products, and abundance of resources. If others within the 
technology industry wish to have similar success, they must follow in the 
technology giant’s footsteps. The following strategic implications were 
revealed: A. Consistent Innovation Protects against Disruptive Change: As 
of January 2020, Google accounted for 87.35% of all search engine 
queries (Clement, 2020). Companies that specialize in internet-related 
services and goods must be disruptive innovators. The objective is to drive 
growth through innovation. Google’s consistent development of new 
products, extending the life of existing products, and finding new revenue 
streams shifted the market for all within the industry. Additionally, 
targeting underserved segments and improving product value through 
improved functionality of websites increase the chances of market share 
and revenue growth (Christensen et al., 2015). Most significant is to 
balance the strain between the core business that generates consistent, 
short-term results, and delving into new areas where results may prove to 
be appealing for long-term growth (O’Reilly and Binns, 2019). B. Traffic 
Acquisition Cost (TAC) Increases Digital Advertising Revenue: Nearly 
95% of Google’s revenue comes from advertising (Faktor, 2013). Google 
can continue its ad dominance “by dispersing more of its ads through 
advertising partners and by paying the TAC to those partners” (Krause, 
2018). In 2017, the traffic from Google’s partners (AdSense) cost $12.5 
billion. This accounted for a TAC of 71.9%. Although TAC is high, 
Google’s support of its partners (member sites) and distributors fortifies 
business relationships. To remain competitive, it is imperative that 
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companies which specialize in internet-related services and goods increase 
the number of their strategic partners (member sites) and distributors. C. 
Diversity Through Product Development and Acquisitions Are Vital for 
Growth: New product development and acquisitions permit the sale of 
new products to current and new markets (Kerin and Hartley, 2019). For 
example, Google’s acquisition of Fitbit provides a new platform and 
access to more than 27 million active users (Vynck, 2019). Furthermore, 
“Google acquired Workbench, a Baltimore-based company that provides 
an online library of lessons and projects, organized by subject and grade 
level, that educators can use in their classrooms”. The acquisition gives 
Google access to millions of new users (Wan, 2019). Google continually 
adds to its product mix of smartphones, laptops, smart speakers, and 
wearable operating system (Vynck, 2019). Google’s success is indicative 
of the strategic benefit of product development and acquisition. By 
following Google’s lead, others can improve and strengthen the 
profitability of their company. Moreover, companies can become more 
dominant and increase market share and shareholder wealth (Peavler, 
2019). 
 

10.6 CONCLUSION  
 

Google has had great success. Founders Larry Page and Sergey Brin saw 
“that the sprawling, chaotic mass of material that was cascading onto the 
world wide web could be tamed by ranking search results according to 
their popularity” (Hooker, 2016). Google takes risks to push forward. 
Google strives to “organize the world’s information and make it 
universally accessible and useful” so much so that they bring it into their 
organizational structure (Oppong, 2015). Google uses open lines of 
communication, which becomes an area for creativity and new ideas to 
share. Google’s ability to diversify its revenue streams increases the 
company’s sustainable competitive advantage. Google has managed to 
maintain its competitive edge and shows no signs of losing its foothold in 
the near future. This research is significant because Google’s competitors 
may obtain additional information to level the playing field, thereby 
dethroning Google superiority in the market.  
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10.7 A CASE STUDY ON AMAZON WEB SERVICES 

   

10.7.1 Introduction to cloud computing 
Cloud computing is the on-demand availability of computer system 
resources, especially data storage (cloud storage) and computing power, 
without direct active management by the user. The term is generally used 
to describe data centres available to many users over the Internet. Large 
clouds, predominant today, often have functions distributed over multiple 
locations from central servers. If the connection to the user is relatively 
close, it may be designated an edge server. 
 

There are many Cloud Platforms in the market but AWS is one of the most 
popular clouds. 
 

10.7.2 What is AWS? 

 
Amazon Web Services (AWS) is a subsidiary of Amazon providing on-
demand cloud computing platforms and APIs to individuals, companies, 
and governments, on a metered pay-as-you-go basis. 
 

Amazon Web Services (AWS) is the world’s most comprehensive and 
broadly adopted cloud platform, offering over 175 fully-featured services 
from data centres globally. Millions of customers — including the fastest-
growing startups, largest enterprises, and leading government agencies — 
are using AWS to lower costs, become more agile, and innovate faster. 
 

10.7.2.1. History of AWS 
 

Amazon launched its first cloud computing service, Simple Storage 
Service (S3) in March of 2006. But the idea for the public cloud began 
germinating at the company several years earlier. 
 

A popular myth says that Amazon began selling public cloud computing 
services because it had “excess capacity” from running its eCommerce 
website. Executives have repeatedly contradicted that story, saying that 
Amazon Web Services was designed from the ground up as a service for 
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outside customers. However, the company’s experiences with eCommerce 
did help lay the groundwork for AWS. 
 

In the early 2000s, Amazon.com’s internal development team had a 
problem. They were adding a lot of software engineers, but despite the 
growing headcount, the pace of development was staying about the same. 
The issue was that each developer was setting up new and unique 
compute, storage and database resources for each project. The IT group 
realized that if they could standardize those resources and simplify the 
process of deploying new IT infrastructure, they might be able to speed 
things up. 
 

In 2003, former Amazon employee Benjamin Black and his boss Chris 
Pinkham wrote a paper for Amazon founder and CEO Jeff Bezos. It 
described “a vision for Amazon infrastructure that was completely 
standardized, completely automated, and relied extensively on web 
services for things like storage.” In a blog post, Black explained, “Near the 
end of it, we mentioned the possibility of selling virtual servers as a 
service.” 

 

That idea cropped up again that same year when Amazon executives were 
attending a retreat at Bezos’ house. As current AWS CEO Andy Jassy tells 
the story, the group was working to identify their core competencies when 
they realized they had become pretty good at running IT infrastructure. 
They began to consider the idea of offering those IT services to other 
companies. The idea gained momentum, and in 2004, Black, Pinkham and 
their team began work on the project that eventually became AWS. After 
the launch of S3 in the spring of 2006, AWS followed up by taking its 
Simple Queue Service into production and launching its Elastic Compute 
Cloud (EC2) that summer. By the following year, the company amassed a 
reported 180,000 developers as customers. 

In the years that followed, Amazon’s cloud quickly expanded with 
additional services and more regions. In 2010, Netflix became the first 
company to announce publicly that it would run all of its infrastructure on 
AWS. After that, customers began to sign up even more quickly, and 
AWS developed the market share that put it far ahead of all the other 
competitors who began to offer their own cloud computing services. 
 

10.7.2.2. AWS Regions 
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10.7.2.3. Data Centre of AWS - 

   

10.7.3. Benefits of Amazon Web Services 

      

● Most functionality -AWS has significantly more services, and more 
features within those services, than any other cloud provider–from 
infrastructure technologies like compute, storage, and databases–to 
emerging technologies, such as machine learning and artificial 
intelligence, data lakes and analytics, and Internet of Things. This 
makes it faster, easier, and more cost-effective to move your existing 
applications to the cloud and build nearly anything you can imagine. 
AWS also has the deepest functionality within those services. For 
example, AWS offers the widest variety of databases that are purpose-
built for different types of applications so you can choose the right tool 
for the job to get the best cost and performance. 
 

● The largest community of customers and partners -AWS has the 
largest and most dynamic community, with millions of active 
customers and tens of thousands of partners globally. Customers across 
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virtually every industry and of every size, including startups, 
enterprises, and public sector organizations, are running every 
imaginable use case on AWS. The AWS Partner Network (APN) 
includes thousands of systems integrators who specialize in AWS 
services and tens of thousands of independent software vendors (ISVs) 
who adapt their technology to work on AWS. 
 

● Most secure-AWS is architected to be the most flexible and secure 
cloud computing environment available today. Our core infrastructure 
is built to satisfy the security requirements for the military, global 
banks, and other high-sensitivity organizations. This is backed by a 
deep set of cloud security tools, with 230 security, compliance, and 
governance services and features. AWS supports 90 security standards 
and compliance certifications, and all 117 AWS services that store 
customer data offer the ability to encrypt that data. 
 

● Fastest pace of innovation -With AWS, you can leverage the latest 
technologies to experiment and innovate more quickly. We are 
continually accelerating our pace of innovation to invent entirely new 
technologies you can use to transform your business. For example, in 
2014, AWS pioneered the serverless computing space with the launch 
of AWS Lambda, which lets developers run their code without 
provisioning or managing servers. And AWS built Amazon 
SageMaker, a fully managed machine learning service that empowers 
everyday developers and scientists to use machine learning–without 
any previous experience. 
 

● Most proven operational expertise — AWS has unmatched experience, 
maturity, reliability, security, and performance that you can depend 
upon for your most important applications. For over 13 years, AWS has 
been delivering cloud services to millions of customers around the 
world running a wide variety of use cases. AWS has the most 
operational experience, at greater scale, of any cloud provider. 
 

● Agility- The cloud gives you easy access to a broad range of 
technologies so that you can innovate faster and build nearly anything 
that you can imagine. You can quickly spin up resources as you need 
them–from infrastructure services, such as compute, storage, and 
databases, to the Internet of Things, machine learning, data lakes and 
analytics, and much more. You can deploy technology services in a 
matter of minutes, and get from idea to implementation several orders 
of magnitude faster than before. This gives you the freedom to 
experiment, test new ideas to differentiate customer experiences and 
transform your business. 
 

● Elasticity -With cloud computing, you don’t have to over-provision 
resources upfront to handle peak levels of business activity in the 
future. Instead, you provision the number of resources that you actually 
need. You can scale these resources up or down to instantly to grow 
and shrink capacity as your business needs change 
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. 
● Cost Savings-The cloud allows you to trade capital expenses (such as 

data centres and physical servers) for variable expenses and only pay 
for IT as you consume it. Plus, the variable expenses are much lower 
than what you would pay to do it yourself because of the economies of 
scale. 
 

● Deploy Globally in minutes-With the cloud, you can expand to new 
geographic regions and deploy globally in minutes. For example, AWS 
has infrastructure all over the world, so you can deploy your 
application in multiple physical locations with just a few clicks. Putting 
applications in closer proximity to end users reduces latency and 
improves their experience. 

 
10.7.4. Types of cloud computing 

 
The three main types of cloud computing include Infrastructure as a 
Service, Platform as a Service, and Software as a Service. Each type of 
cloud computing provides different levels of control, flexibility, and 
management so that you can select the right set of services for your needs. 

1. IaaS (Infrastructure as a Service) - IaaS contains the basic building 
blocks for cloud IT. It typically provides access to networking features, 
computers (virtual or on dedicated hardware), and data storage space. 
IaaS gives you the highest level of flexibility and management control 
over your IT resources. It is most similar to the existing IT resources 
with which many IT departments and developers are familiar. 

2. Platform as a Service - PaaS removes the need for you to manage 
underlying infrastructure (usually hardware and operating systems), 
and allows you to focus on the deployment and management of your 
applications. This helps you be more efficient as you don’t need to 
worry about resource procurement, capacity planning, software 
maintenance, patching, or any of the other undifferentiated heavy 
lifting involved in running your application. 

3. Software as a Service-SaaS provides you with a complete product that 
is run and managed by the service provider. In most cases, people 
referring to SaaS are referring to end-user applications (such as web-
based email). With a SaaS offering, you don’t have to think about how 
the service is maintained or how the underlying infrastructure is 
managed. You only need to think about how you will use that particular 
software. 

 

10.7.5. Who is using cloud computing? 

 
Organizations of every type, size, and industry are using the cloud for a 
wide variety of use cases, such as data backup, disaster recovery, email, 
virtual desktops, software development and testing, big data analytics, and 
customer-facing web applications. For example, healthcare companies are 
using the cloud to develop more personalized treatments for patients. 
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Financial services companies are using the cloud to power real-time fraud 
detection and prevention. And video game makers are using the cloud to 
deliver online games to millions of players around the world. 

     

Best Public Cloud Providers 

 
Amazon Web Services 

 
Amazon Web Services (AWS) is the undisputed market leader in cloud 
computing, from overall market share to most expansive cloud offering. It 
has vast resources, allowing it to design and execute new solutions at a 
dizzying pace, sometimes — or often — faster than customers can 
understand or incorporate them. 
 

The company offers a complete range of IaaS and PaaS services. Among 
the best known are its Elastic Compute Cloud (EC2), Elastic Beanstalk, 
Simple Storage Service (S3), Elastic Block Store (EBS), Glacier storage, 
Relational Database Service (RDS), and DynamoDB NoSQL database. It 
also offers cloud services related to networking, analytics and machine 
learning, the Internet of Things (IoT), mobile services, development, cloud 
management, cloud security and more. 
 

Microsoft Azure 

 
Most market analysts put Microsoft squarely in the number two spot 
behind Amazon. Its cloud portfolio is exhaustive: in addition to its Azure 
IaaS and PaaS offerings, Microsoft also has several SaaS offerings, 
including its Office 365 products, the online versions of its Dynamics line 
of enterprise software and its online developer tools. 
 

Naturally, Microsoft’s long legacy in corporate IT helps it grow its cloud 
business. Pundits say that Microsoft has “enterprise IT in its DNA.” Azure 
is leading edge on all the newest cloud technologies, from serverless 
(FaaS) to microservices to containers. It is set up to handle a broad range 
of clients, from SMB to a larger enterprise, from multi-cloud to — 
especially — hybrid cloud. To fill out it’s offering, it has longstanding 
alliances with other legacy vendors, from VMware to Oracle. 
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IBM Cloud 

Although it hasn’t always been considered one of the “big three” cloud 
computing vendors, IBM’s cloud business has been coming on strong. 
Particularly advantageous was IBM’s acquisition of Red Hat, which 
allows it to leverage Red Hat’s OpenShift cloud platform, a PaaS solution 
geared for containers. The company is also strong in hybrid — befitting its 
customer base of large enterprise clients, which in some cases are working 
on a classic lift and shift migration to the cloud, for which IBM is well 
suited. One of IBM’s key cloud service is its Bluemix PaaS, which is 
aimed primarily at enterprise development teams. The company also a lot 
of enterprise software on a SaaS basis, and it sells cloud infrastructure, 
cloud management tools and cloud managed services. 

Google Cloud Platform 

While it may run third behind AWS and Azure, Google is a major 
contender in the cloud market. Its deep strength and data analytics and 
artificial intelligence is only growing, and will likely be a major force in 
the years ahead. Its industry-leading creations with TensorFlow and 
Kubernetes are examples of the sophisticated solutions that earn GCP 
leader status in the cloud market. Some of its best-known cloud offerings 
include Compute Engine, App Engine, Container Engine, Cloud Storage 
and BigQuery. 

Oracle Cloud Infrastructure 

Having invested aggressively after its initial slow start, Oracle has come a 
long way to earn to spot in this leader’s list. Indeed, look to Oracle to 
continue to grow in the cloud sector — the company has certainly 
signalled its intention to be a major cloud vendor in the years ahead. It is 
expanding availability zones both domestically and internationally. 

The Oracle cloud is generally favoured by larger enterprise and existing 
Oracle customers, as opposed to SMB and developers, two cohorts that 
have fueled AWS’s rise. It has a strength in hybrid cloud computing, 
which is a good fit for larger customers that have a legacy investment in 
on-premise IT infrastructure and data centres. The company’s Oracle 
Dedicated Region Cloud Customer solution is an on-prem offering that is 
a well designed, technologically advanced mirror of the cloud version. 
Oracle has a partnership with Microsoft Azure for those cloud 
functionalities it can’t currently support. 

Alibaba Cloud 

The clear leader in the Asian cloud market, Singapore-based Alibaba is 
forecast to grow rapidly as cloud computing continues to grow in a variety 
of Asian countries. The company offers a cloud-based AI service, which 
will almost certainly be a major growth area in the near term future. 
Indeed, Alibaba is well regarded for its data solutions, with 
interoperability with myriad other data platforms. Again, this is a major 
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strength for its e-commerce clients. While the company is currently 
largely an Asian player, it’s entirely possible that it will expand into other 
geographic markets as its cloud and data offerings mature. 

When to Use AWS 

AWS offers something for everyone — whether you are a developer 
working on a hobby project or a Fortune 500 company looking to become 
more agile. As the first and largest cloud provider, AWS has very mature, 
tested offerings. It is unlikely to go out of business anytime soon, and it is 
a solid choice for most cloud computing use cases. 

Additionally, the company is innovating at a breathless pace, and it’s 
reasonable to assume that its product and solution portfolio will expand 
considerably in the years ahead. 

AWS Use Cases 

Millions of customers — including the fastest-growing startups, largest 
enterprises, and leading government agencies — are using AWS to lower 
costs, become more agile, and innovate faster. 

In every field, the AWS service is used. Below are some areas and some 
top companies use AWS. 

● Aerospace (NASA, Maxar, ESA etc.) 

● Gaming (MPL, FanFight, Gammation etc.) 

● Education (Coursera, BYJU’s etc.) 

● Telecommunication (Pinterest, Vodafone, Aircel etc.) 

● Entertainment (Netflix, Hotstar etc.) 

● Media (BBC, The Hindu, Punjab Kesri etc.) 

● Software (Share chat, Slack etc.) 

Cloud Computing Facts 
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By now, it’s obvious that the cloud is widely used and that people spend a 
great deal of money creating, managing, and upgrading their cloud 
computing systems, but you may be wondering how widely used it is 
and how much money the cloud draws. Here are some fascinating facts to 
wrap your mind around: 

Nearly one-half of US Government agencies use the cloud. 

Annually, these agencies spend $2 billion on creating, supporting, 
and maintaining cloud services. Some experts say that the government is 
the largest user of the cloud in the world. Within the different branches of 
the government that use the cloud, commercial clouds, private clouds, and 
shared clouds are all used. Private clouds, specifically, are employed by 
the government in an attempt to maintain security and control over the 
cloud. 

Banking produces the most activity within the cloud. 

This is due in large part to the introduction of widespread mobile banking 
services in 2013. Additionally, the rise of crowdfunding services and 
money management services like PayPal have grown, driving the act of 
paying virtually for goods through the roof. With the rising popularity of 
virtual currencies like Bitcoin, this trend of cloud computing for 
banking is only projected to continue. 

The cloud computing market is projected to reach $106 billion by 
2016. 

This represents a 30% growth rate from 2013. This is especially stark 
when you take into account that the entire enterprise IT industry is only 
expected to experience a 5% growth rate between 2013 and 2018. 
Additionally, experts project that by 2018, 59% of all of the cloud’s 
workload will be the result of Software-as-a-Service This represents a 
41% increase since 2013. 

60% of U.S. IT decision-makers trust the security of the cloud. 

When it comes to storing sensitive data in the cloud, the grand majority of 
IT experts aren’t concerned. Additionally, 80% of enterprises globally use 
the cloud to store their data. What’s more, 82% of companies 
reported saving money when they adopted the cloud, and 14% report 
downsizing their IT department as a result of the presence of the cloud. 

Within the next five years, the public cloud will experience a 44% 
growth. 

This is in contrast to the 9% growth rate that is projected for “on-premise” 
and hard-drive-based forms of computing. 



  

 

Open Source System 
For ADC Lab 

 

144 

80% of companies that adopt the cloud see improvements within their 
IT departments within six months. 

These improvements were generally in the areas of efficiency, quality, and 
security. Additionally, moving to the cloud helped these companies save 
money, cut costs, and use staff more efficiently. After adopting the cloud, 
upwards of 90% of IT, decision-makers saw marked improvements in at 
least one area of the IT department. 

2014 represented the first year when the majority of workloads were 
on the cloud. 

In 2014, 51% of workloads were processed via the cloud. This is 
compared to 49% processed in traditional IT space. Since global data 
center traffic is predicted to increase threefold between 2012 and 2017, 
this number will only continue to go up. 

AWS is so Successful 

Amazon Web Services (AWS), the cloud platform offered by 
Amazon.com Inc (AMZN), has become a giant component of the e-
commerce giant’s business portfolio. In the first quarter of 2020, AWS 
brought in a record $10 billion of revenue, accounting for 13.5% of 
Amazon’s total revenue. Having grown steadily in the 30-per cent range 
the past few quarters, AWS is a frontrunner to other cloud computing 
platforms such as competitor Microsoft Azure. 

CASE STUDIES ON AWS 
 
Netflix AWS Case Study 

 

Netflix was originally a DVD shipping business where they would send 
out DVDs of your chosen programs to you. This was going well until 2008 
where they experienced a major database loss and for 3 days could not 
ship out any DVDs to their customers. That was when the senior 
management at Netflix realized that they had to shift from continuous 
vertical scaling which leads to single points of failure to a more reliable 
and scalable horizontal scaling system. They chose Amazon Web Services 
despite having Amazon as a competitor (Amazon has their own streaming 
service known as Amazon Prime) because AWS provided them with the 
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greatest scaling capabilities and the biggest set of available features. It 
took 7 years of migration for Netflix to shut down their last remaining data 
centres and move completely to the cloud. Moving to the cloud has 
allowed Netflix to keep its existing members well engaged with overall 
viewing growing exponentially. 

      

Netflix itself has continued to evolve rapidly by using many new features 
and relying on ever-growing volumes of data. Supporting this fast growth 
would not be possible earlier using their own in-house data centres. 
Netflix could not have racked the servers fast enough to support their own 
growth. While Cloud brings elasticity, which allows Netflix to add 
thousands of virtual servers and petabytes of storage within minutes which 
makes the whole process easier. 

As of January 2016, Netflix has expanded into 130 new countries. It uses 
multiple AWS Cloud regions which are spread all over the world to create 
a better and more enjoyable streaming experience for Netflix members 
wherever they are. 

Netflix relies on Cloud for all its scalability, computing and storage needs 
(not only video streaming) — Netflix business logic, distributed databases, 
big data processing, analytics, recommendations, transcoding and 
hundreds of other functions that are used by Netflix all go through their 
Cloud infrastructure. Netflix also has its own Content Delivery Network 
(CDN) known as Netflix Open Connect which is used to deliver videos 
globally in an efficient manner. 

When Netflix was using their own data centres, they faced a lot of 
outages. Cloud Computing is not perfect either, even though Netflix has 
hit some rough patches in the cloud, a steady increase in the overall 
availability has been noticed. Failures are ultimately unavoidable in any 
large-scale distribution system, even a cloud one. However, a Cloud-based 
system allows you to create redundancy measures while become quite 
helpful. Cloud Computing has made it possible to survive failures without 
impacting the member experience. 
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Netflix did not shift to cloud for cost reduction reasons, but Netflix’s 
cloud costs ended up being a fraction of their cost which was a pleasant 
surprise. This was due to the elasticity factor of cloud computing, enabling 
Netflix to continuously optimize instances to grow and shrink as per 
requirement without the need to maintain large capacity machines. 
Economies of Scale helps Netflix in this scenario. 

The benefits are very clear, but it still took seven years for Netflix to 
complete the migration. Moving to the cloud is a lot of work and a lot of 
factors need to be considered. Netflix could easily move all of its existing 
systems to AWS but bringing existing systems also brings all the problems 
and limitations that were present. So, Netflix took the cloud-native 
approach, they rebuilt all of their technology and fundamentally changed 
the way they operate the whole company. Netflix migrated from a single 
application to thousands of micro-services. 

10.8 INTEGRATION SOLUTIONS IN MICROSOFT 
AZURE CLOUD - CASE STUDY 

Overview 

In this digital era, one major challenge that most of the CPA firms face 
relates to sourcing and analyzing of data from multiple sources. With an 
increasing number of data sources, complexity in information, and 
increasing regulations with regards to data, there is a need to have a robust 
platform that will make this process of data generation/capture, storage, 
usage, and archival/disposal seamless and secure through automation and 
optimization. XTGlobal’s client was also facing a similar challenge 
wherein it needed access to aggregate financial information from various 
sources. XTGlobal developed a robust and secure solution to handle the 
data lifecycle and analysis process using MS Azure PAAS Solution, the 
leading cloud platform. Microsoft Azure Products provided the client with 
the server, databases, and software licenses with zero capital investment. 
Within a short span of development time, the client was able to launch 
their business services. Thanks to Rapid-Application-Delivery (RAD) 
model, XTGlobal built the custom-solution on the Microsoft Azure 
platform. Integrating the solution with Yodlee, a third-party financial data 
aggregator, helped the client quickly and securely access critical customer 
data. 

About the Client 

The client is a leading CPA firm, offering diverse accounting-based 
consulting services to mid-market customer firms since 1965. They were 
looking for a secure, robust solution to automate the end-to-end data 
delivery with integration to a third-party API. 
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Challenges 

The high volume, velocity and variety of information assets require 
advanced forms of processing if they are to be used as insights for 
decision making. For CPA firms, access to information from multiple 
banks or financial institutions is the key to assessing their customers’ 
financial health and provide advisory or consulting services based on this 
data. Bank statements, information on assets & liabilities, transactions, 
investment holdings, and current account data make up a chunk of this 
data. Apart from a holistic view of their customer’s data, the CPA firm 
also needs regular access to the financial data to do further analysis of 
their customers’ assets and liabilities. The client wanted a customized 
solution that will help them access the required data from Envestnet 
Yodlee, a data aggregator platform, subject to approval from their end 
customers. 

SOLUTIONS OFFERED BY XTGLOBAL  

A. DEVELOPMENT OF CUSTOMER PORTAL 

XTGlobal created a Cloud-Native Solution on Microsoft Azure using 
Azure App Service, Azure SQL Database, and Azure Repos, to make 
the access to data sources both automated as well as on-demand. 

   

B. INTEGRATION SOLUTIONS 

XTGlobal was challenged with integrating the Azure Cloud solutions 
with a third-party API, which was Yodlee in this case. Both Azure and 
Yodlee platforms have enormous capabilities and functions, tied around 
multiple use cases. Picking the best, while meeting the requirement is 
what ideally drives a better solution. In this case, integrating Azure 
services with Yodlee API requires a deep understanding of both to 
design a secure, optimal, effective solution. After an extensive analysis 
of API and Azure, XTGlobal created the perfect integrated solution 
which addresses the client’s current challenges and also scales up in the 
future. 
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C. AUTOMATION OF DATA RETRIEVAL 

XTGlobal developed the Windows Service application to automate the 
retrieval of the financial data from Yodlee API and populate on the 
targeted server of Client. Authentication is performed with Yodlee’s 
JWT token algorithm. It is flexible that it can be configured manually 
to customize the parameters and executed according to the needs of the 
business process. 

 

Results 
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10.9 VIDEO LECTURES 

1. Learn to think like Azure Cloud Architect (with Case Studies). 
https://www.youtube.com/watch?v=xfM3EIQnQfo 

2. Cloud Computing Case Study with a Commercial Cloud-Microsoft 
Azure. https://www.youtube.com/watch?v=Mkuf4pTqIdU 

3. Azure Cloud Networking Customer Case Study. 
https://www.youtube.com/watch?v=wM1sO4b87BE 

4. Case Study: Azure – CloudMunch. 
https://www.youtube.com/watch?v=_z7KWZmVaKw 

5. Microsoft Azure Case Study - AfricaEye by Fernridge Solutions. 
https://www.youtube.com/watch?v=Y5pp2R1OrJY 

6. AWS Case Study: McDonald's Home Delivery. 
https://www.youtube.com/watch?v=-8FK9p_lLy0 

7. AWS Case Study: Pearson reduces RTO/RPO using Amazon FSx 
for NetApp ONTAP. 
https://www.youtube.com/watch?v=4FZpoxN3sJQ 

8. Amazon Case Study | Jeff Bezos. 
https://www.youtube.com/watch?v=nJZGEeDoZHA 

9. AWS Case Study: Alef Education Transforms Learning in a Digital 
World. https://www.youtube.com/watch?v=f2nTb97-YUA 

10. DoHome Case Study for SAP on AWS.     
https://www.youtube.com/watch?v=07x_CTLgWCE 

11. Google Marketing Platform: adidas Case Study. 
https://www.youtube.com/watch?v=lCz0cGIWmlU 

12. How Big Is GOOGLE | Case Study. 
https://www.youtube.com/watch?v=z_pYRp96b8k 

13. The Intellectual Property Case Study of GOOGLE. 
https://www.youtube.com/watch?v=l2FsCtg5fwY 

14. Google Marketing Platform: Deckers Brands Case Study. 
https://www.youtube.com/watch?v=c7tMyjP2vpo 

10.10 REFERENCES 

Associated Press. 2020. Plummeting digital ad market may complicate life 
for Google, Facebook. MarketWatch. Available at: 
https://www.marketwatch.com/story/as-demand-for-digital-advertising-
plummets-google-and-facebookcould-have-shrinking-revenues-2020-04-
28. Accessed March 2, 2020.  

Bendor-Samuel P. 2017. Advertising agencies hit with new competitive 
threat. Blog. Available at: https://www. 
forbes.com/sites/peterbendorsamuel/2017/04/25/advertising-agencies-hit-
with-new-competitivethreat/#6267dc2f2592 



  

 

Open Source System 
For ADC Lab 

 

150 

Budanovic N. 2019. The internet statistics that matter in 2020 and beyond. 
DataProt. Available at: https://dataprot.net/ statistics/internet-statistics/  

Christensen C, Raynor M, McDonald R. 2015. What is disruptive 
innovation? Harvard Business Review. Available at: 
https://hbr.org/2015/12/what-is-disruptive-innovation 

Clement J. 2020. Search engine market share worldwide 2019. Statista. 
Available at: https://www.statista.com/ statistics/216573/worldwide-
market-share-of-search-engines/  

Faktor S. 2013. Deconstructing Google’s strategy: Will Google eat your 
business next? Available at: https://www.forbes. 
com/sites/stevefaktor/2013/05/23/featuredeconstructing-googlersquos-
strategy-will-google-eat-your-businessnext/#4ee379da774b  

Forbes Agency Council. 2017. How Google came to dominate search and 
what the future hold. Blog. Available at: https:// 
www.forbes.com/sites/forbesagencycouncil/2017/06/05/how-google-
came-to-dominate-search-and-what-thefuture-holds/#3d4b63613872  

Green D, Taylor G, Ford V. 2020. Cultivating the entrepreneurial mindset 
in today’s small liberal colleges and universities. Journal of 
Entrepreneurship 4(1): 14-26.  

Hooker L. 2016. How did Google become the world’s most valuable 
company? Available at: https://www.bbc.com/news/ business-35460398  

Interactive Advertising Bureau. 2019. Digital advertising revenues rise to 
$26.2 billion in q3 2018, up 22% year-over-year, according to IAB. 
Business Wire. Available at: 
https://ezproxy.king.edu/login?url=http://search.ebscohost.com/login. 
aspx?direct=true&db=bwh&AN=bizwire.c87995640&scope=site  

Kerin R, Hartley S. 2019. Marketing (14th ed.). McGraw-Hill Education: 
Dubuque, IA. Koetsier J. 2018. Report: Google captures nearly 80% of all 
retail search ad spend. Forbes. Available at: https://www.forbes. 
com/sites/johnkoetsier/2018/03/09/report-google-captures-nearly-80-of-
all-retail-search-ad-spend/#478a46836c38  

Krause R. 2018. Google earnings boom on investment gain, but traffic 
costs boom too. Investors Business Daily, 18. Available at: 
https://ezproxy.king.edu/login?url=http://search.ebscohost.com/login.aspx
?direct=true&db=bwh&AN= 129258622&scope=site  

Ladd B. 2019. Google will never be a threat to Amazon’s retail business 
without a major change to its strategy. Blog. Available at: 
https://www.forbes.com/sites/brittainladd/2019/01/27/google-will-never-
be-a-threat-to-amazon-withouta-major-change-to-its-
strategy/#22345dee192e  



 

 

Case Studies 

151 

Lucidchart Content Team. 2018. How to define strategy using porter’s five 
forces. Available at: https://www.lucidchart. com/blog/what-is-strategy  

Manyika J. 2013. The impact of disruptive technology: A conversation 
with Eric Schmidt. Retrieved from Mckinsey & Company: 
https://www.mckinsey.com/industries/technology-media-and-
telecommunications/our-insights/the-impactof-disruptive-technology-a-
conversation-with-eric-schmidt 

McGinnis T. 2018. 6 undeniable benefits of Google Ads. Inbound 
Marketing Agency St. Cloud, MN | Demand Results. Available at: 
https://www.leightoninteractive.com/blog/benefits-of-google-ads  

Novack M. 2014. Google was originally called backrub. Available at: 
https://gizmodo.com/the-evolution-of-googlesiconic-logo-
1582297667/1605435217  

Oppong T. 2015. Innovate or die: Googles’ 8 innovative principles. Blog. 
Available at: https://medium.com/@alltopstartups/ innovate-or-die-
google-s-8-innovation-principles-b5fef5ba13f7 

O’Reilly C, Binns AJM. 2019. The three stages of disruptive innovation: 
Idea generation, incubation, and scaling. California Management Review 
61(3): 49-71.  

Peavler R. 2019. A beginner’s guide to mergers and acquisitions. The 
Balance. Small Business. Available at: https://www. 
thebalancesmb.com/why-do-companies-merge-mergers-and-acquisitions-
explained-392847  

Reyna A, Martín C, Chen J, Soler E, Díaz M. 2018. On blockchain and its 
integration with IoT, challenges and opportunities. Future Generation 
Computer Systems 88: 173-190. doi:10.1016/j.future.2018.05.046 

Rodriguez A. 2018. It’s not all about advertising at alphabet anymore. 
Quartz Article, Available at: https://ads.google.com/ start/how-it-
works/qz.com/1334369/alphabet-q2-2018-earnings-google-is-more-than-
just-advertising-now/  

Routley N. 2019. Ranking the top 100 websites in the world. Visual 
Capitalist. Available at: https://www.visualcapitalist. com/ranking-the-top-
100-websites-in-the-world/. Accessed February 21, 2020.  

Seo A. 2019. How many Google searches per day on average? Available 
at: https://ardorseo.com/blog/how-many-googlesearches-per-day-2018/  

Shah A. 2018. Smart home industry set for explosive growth in 2019. 
ValueWalk, Article. Available at: www.valuewalk. com/2018/12/smart-
home-industry/  



  

 

Open Source System 
For ADC Lab 

 

152 

Skyler H. 2018. Google’s organizational structure. Bizfluent. Available at: 
https://bizfluent.com/about-6692920-google-sorganizational-
structure.html  

Smithson N. 2018. Google’s organizational structure & its characteristics 
(an analysis). Case Study. Available at: http:// panmore.com/google-
organizational-structure-characteristics-analysis 

Southern M. 2018. Google’s share of search Ad market projected to grow 
to 80% by 2019. Search Engine Journal. Available at: 
www.searchenginejournal.com/googles-share-search-ad-market-projected-
grow-80-2019/189993/#close  

Straw J, Baxter M. 2015. Disrupted everything: How Google will change 
our world. Available at: https://www. 
computerweekly.com/opinion/Disrupted-everything-How-Google-will-
change-our-world 

 Sustaining Innovation vs. Disruptive Innovation. 2017. Campbellsville 
University. Available at: 
https://online.campbellsville.edu/business/sustaining-innovation-vs-
disruptive-innovation/  

Thompson S. 2018. Google’s business leadership and organizational 
structure. Available at: https://smallbusiness.chron. com/googles-business-
leadership-organizational-culture-58108.html  

Vynck GD 2019. Google to buy Fitbit for $2.1 billion to boost hardware. 
Bloomberg. Available at: https://ezproxy.king.edu/ 
login?url=http://search.ebscohost.com/login.aspx?direct=true&db=bsh&A
N=139436484&scope=site 

Wan T. 2019. Google makes a rare education technology acquisition. 
Education Digest 84(7): 63-64.  

Webster V, Webster M. 2019. How to use SWOT analysis – a perfect 
SWOT analysis example. Blog. Available at: https:// 
www.leadershipthoughts.com/how-to-use-a-swot-analysis/ 

https://medium.com/@p.rajeshbabu6666/a-case-study-on-amazon-web-
services-d1ac83565e6 

https://xtglobal.com/wp-content/uploads/MS-Azure-case-study.pdf 



 


