Rational Purify: An intelligent tool to trace memory leaks

In my earlier communication [1] we have discussed about the use of Rational Purify® to detect the memory leaks in one of  the application that was developed using J2EE technology. We have also discussed briefly about the analysis procedure and given some suggestions to avoid  memory leaks.  In this paper (on the basis of the feedback received in my teaching session on purify), we are discussing a hands on exercise (MemoryLeaksAfter.java) to give a close insight to understand memory leaks and their prevention. The program was tested using purify and the results obtained from such a study are discussed here.  
Author(s)  Dr. Sanjay Gupta and Raj Murali Ayen
In my earlier communication [1],  Memory Leaks and Their Prevention in a Java Application using Rational Purify to the sickyminds.com, I have discussed about the beautiful aspects of memory management in Java, how to keep track of memory leaks and their prevention using an automated debugging and software testing tool, Rational Purify®. Rational Purify has several options like toolbar button [image: image1.png]


 Garbage Collect (to force the Java Virtual machine to perform garbage collection), [image: image2.png]


 Snapshot memory profiling data ( to record the data at a particular point of measurement) and tool “Compare Runs” (to compare the data from the two snapshots). The details about these toolbar buttons and their functionality are given elsewhere [1,2,3,4].
During my one seminar on Purify, many participants have asked me to demonstrate a small Java program so that they can run this program using purify and gets a hands-on feeling  to detect and remove the memory leaks. This, motivated us to write this paper so we can share our efforts with other readers.
The Objective of the present Program MemoryLeaksAfter.java (The code of the program is given in appendix 1) is to create a Swing Component to 

demonstrate how it  introduces memory Leaks. The program MemoryLeaksAfter.java creates a Frame with Open and Close control. When Open menu is selected, application creates  an internal Frame with various components like JPanel, JButton, JTextField, JTextArea, JTable with DefaultTableModel, which will occupy considerable amount of memory.  

To give a feeling about the memory leak to the readers, we have deliberately introduced memory leaks by creating objects as in all the Swing based application lot of memory is consumed due to the various renderres & models used for a particular component. In practical scenario the no. of such components used will be more. As a result when the screens are loaded with heavy components it might lead to array.index.outOfBoundsMemory Exception.
We have introduced memory leaks in the code by creating a new Vector and adding elements to it. The creation of the object is done by the following method in the code.

Vector vBytes = new Vector (count);

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

vBytes.addElement (new byte [8196])

}

In the above code the value of count is set as 50 to create 50 Objects, each allocating memory of 8 Kbytes, so that maximum of 400 Kbytes of leak is introduced. 

The present program is tested through purify and the hotspots for memory leaks were identified. These memory leaks can  be avoided by nullifying the created components at the time of closing the internalFrame. This modification is shown by the bold blue color in the code.

In any practical applications before closing the particular frame/internal frame/dialog we have to call a user defined method like destroyEventParametrs() in their event class and similarly  destroyScreen()  in the particular screen class so as to nullify all the components and their respective renderres and models. After this   dispose() method can be called so that it release all of the native screen resources used by this Window, its subcomponents, and all of its owned children. In this code we have not used the above destroyEventParametrs() and  destroyScreen() method as it is not required however the nullification of the objects, components, renderres and models have been done at the internalFrameClosing() method of the InternalFrameEvent, and then the dispose() method is called. 

For simplicity, to explain the concepts we have called the dispose method when internal frame is closed, as a result the entire frame is closed. This is a drawback in this code but we would love to get various modified versions of this program from the readers. At present, the program (MemoryLeaks.java) is able to solve our purpose to give an understanding to show that how Memory leaks can be avoided. Apart from using the Purify tool we have also used the java.lang.Runtime’s freeMemory() and totalMemory() method in our code to identify the free Memory available and the total Memory of the system, from which the user can compute the Memory Consumed by the code .

We have run the code using purify, a typical memory heap usage graph is depicted in Figure 1 (before nullifying the objects) and Figure 2(after nullifying the objects). We have taken four snapshots to analyse the result. First snapshot was taken as soon as the application is loaded by the purify. Second snapshot was taken when we invoked the open button. The third snapshot was taken when we pressed the memory leak button, which allocate memory to 50 objects and finally the fourth snapshot was taken when the application was finally closed. In the first run, when the application is closed all the 50 objects which are created by invoking the memory leak button is not nullified and they fall in the category of resurrectable objects [1]  and so the garbage collector is not capable to free the memory occupied by them. It is now our (developer/programmer’s) responsibility that once we know that which objects have to be nullified before closing the application.
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Figure 1: Memory profile data with memory leaks
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Figure 2: Memory profile data after nullifying the objects 

It can be observed from comparison of the Figures 1 and 2 that before nullification the objects the peak shoots around 1400Kb where as after its value is nearly 1200 Kb. This clearly indicates a reduction in the memory leakage. 
We have taken the difference of 4th and the 1st snapshot to get the information about the memory leak value. A typical difference graph is shown in Figure 3. 
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Figure 3: Memory call graph before modification the application

After noticing the memory bottlenecks, we have modified the program by  nullified the objects before closing the window and did the same run using purify. Both the difference data were saved in the Excel sheet and the total amount of memory leak is calculated after taking the summation of all the leak value. It is important to notice here that the garbage collector itself consumes enough memory so we will suggest that while taking the summation you can filter out the value of memory which is consumed by garbage collector. Both the difference data are given as an excel sheets with the name withleaks.xsl (total memory leaks filtering the system.gc value = 28,3296 bytes) and withoutleaks.xsl (total memory leak value filtering the system.gc value = 17,4332). After compareing the total value of the memoryleaks for both the runs, it is clear that by nullifying  the objects nearly 108 Kbytes memory has been released which can be used by other programs.
In the earlier communication [1], I have discussed about negative value of memory leaks in few of our measurements. This fact can be explained in the following way:

Once the application is run through purify and we take the snapshot, that time the memory represented in the memory heap graph also includes some other resources (may be granted by OS) than designed by the programmer. At the time when we finally close the application and take the snapshot, these external resources are freed by the applications and  so naturally the difference between last and first snapshot will result in the negative value.

Conclusions: 

The program MemoryLeaksAfter.java was tested through Rational Purify to detect the memory leaks and modified to reduce the memory leaks in the application. By the modifications discussed in the paper, nearly 108Kbytes of memory leaks were reduced. We have also discussed about the cause of negative results of memory leaks observed in some of the cases. 
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Appendix 1: 

/*

 *

 * Copyright (c) 2002 , All Rights Reserved

 *

 * Name    :
MemoryLeaksAfter.java

 *

 * Purpose :
This class is a contains a basic frame developed by 



Java swing technology , after nullifying the 




parameters in order to reduce the Memory leaks.

 *

 * Remarks : 
you may first run this program , without nullifying 



the objects represented as bold blue letters
 *

 * Project :
Memory Leaks

 *

 * Language:
Java

 *

 * Author(s) : Raj Murali Ayen and Dr. Sanjay Gupta
 * Created on  :
August 20,2002

 *

 * Changes        :   -

 *

 */

import java.awt.Color;

import java.awt.Font;

import java.awt.Container;

import java.awt.BorderLayout;

import java.awt.GridBagLayout;

import java.awt.Insets;

import java.awt.GridBagConstraints;

import java.awt.Dimension;

import java.awt.Rectangle;

import java.awt.event.ActionEvent;

import java.awt.event.ActionListener;

import java.awt.event.KeyEvent;

import java.awt.event.KeyListener;

import java.awt.event.WindowEvent;

import java.awt.event.WindowListener;

import java.awt.event.WindowAdapter;

import javax.swing.event.InternalFrameAdapter;

import javax.swing.event.InternalFrameListener;

import javax.swing.event.InternalFrameEvent;

import javax.swing.JTable;

import javax.swing.JButton;

import javax.swing.JFrame;

import javax.swing.JInternalFrame;

import javax.swing.JTextField;

import javax.swing.JScrollPane;

import javax.swing.JPanel;

import javax.swing.JMenuBar;

import javax.swing.JMenu;

import javax.swing.JTextArea;

import javax.swing.JMenuItem;

import javax.swing.JOptionPane;

import javax.swing.JComboBox;

import javax.swing.UIManager;

import javax.swing.KeyStroke;

import javax.swing.ScrollPaneConstants;

import javax.swing.DefaultCellEditor;

import javax.swing.table.TableColumnModel;

import javax.swing.table.JTableHeader;

import javax.swing.table.TableColumn;

import javax.swing.table.AbstractTableModel;

import javax.swing.table.DefaultTableModel;

import javax.swing.table.DefaultTableCellRenderer;

import javax.swing.table.TableCellRenderer;

import javax.swing.border.BevelBorder;

import javax.swing.border.TitledBorder;

import javax.swing.border.EtchedBorder;

import java.lang.Runtime;

import java.util.Vector;

public class MemoryLeaksAfter extends JFrame







implements ActionListener {


private JMenuBar menuBar;


private JFrame jInt1
;


private static JComboBox comboBox;


private JButton
yahooUrl,companyUrl;


private JInternalFrame jintFrame;


private JMenu menu1;


private JMenuItem menuItem1;


private JMenuItem menuItem2;


private JMenuBar menuBar1;


private JPanel
 panelMain;


private JPanel
 panelUser;


private JPanel
 panelCompany;


private JPanel
 panelCompany2;


private JPanel
 panelCompany21;


private JPanel
 panelCompany22;


private JPanel
 panelCompany23;


private JTextArea
textAreaBusinessSummary;


private JTextField
panelTextCompany;


private JTextField
companyAdd1;


private JTextField
companyAdd2;


private JTextField
companyAdd3;


private JPanel
 panelCompanyStatus
;


private JPanel
 panelCompany1;


private DefaultTableModel myModel;


private JTable fTable;


private DefaultTableCellRenderer cellRenderer;


private JScrollPane fTableScrollPane,scrollPaneBusinessSummary ;


private Runtime  runTime
=
Runtime.getRuntime ();


private Vector vBytes;


private int count
=
50;


private boolean memButton
=
false;


static
{


        comboBox = new JComboBox();


        comboBox.addItem("------None-----");


        comboBox.addItem("Snowboarding");


        comboBox.addItem("Rowing");


        comboBox.addItem("Chasing toddlers");


        comboBox.addItem("Speed reading");


        comboBox.addItem("Teaching high school");


}


public MemoryLeaksAfter()
{




init();


}


public static void main(String args[]){



MemoryLeaksAfter memoryLeaks = new MemoryLeaksAfter();


}


private void setInternalFrameVisible(boolean b)


{



jintFrame.setVisible(b);


}

// method to  create an InternalFrame on clicking of the menu Open


public JInternalFrame createInternalFrame()
{


JInternalFrame jintFrame1= new JInternalFrame("Company Folder");



jintFrame1.setSize(700,550);



jintFrame1.setClosable(true);



jintFrame1.setMaximizable(true);



jintFrame1.setIconifiable(true);



jintFrame1.setResizable(true);



panelMain
=
 new JPanel();



panelMain.setLayout(new BorderLayout());



panelMain.setBorder(new TitledBorder(new EtchedBorder()));


 
GridBagLayout gridBag = new GridBagLayout();


 
// to store the constraints for the gridbag layout


 
GridBagConstraints gridBagConst = new GridBagConstraints();

// this is the code containing the top panels and all the controls



 panelUser
=
 new JPanel();



 panelUser.setLayout(new BorderLayout());



 panelUser.setMinimumSize(new Dimension(700,100));



 panelUser.setPreferredSize(new Dimension(700,100));



 panelUser.setMaximumSize(new Dimension(700,100));

 panelUser.setBorder(new TitledBorder(new EtchedBorder(),"Company Info"));



 panelCompany
=
 new JPanel();



 panelCompany.setLayout(new GridBagLayout());

 panelCompany.setBorder(new TitledBorder(new EtchedBorder(),"Company Name"));



 gridBagConst.fill = GridBagConstraints.NONE;



 gridBagConst.anchor = GridBagConstraints.WEST;



 gridBagConst.insets = new Insets(0,5,0,5);



 gridBagConst.gridwidth = 1;



 gridBagConst.gridheight = 1;



 gridBagConst.weightx = 0.0;



 gridBagConst.weighty = 0.0;



 gridBagConst.gridx = 0;



 gridBagConst.gridy = 0;



 gridBag.setConstraints(panelCompany, gridBagConst);



 panelTextCompany
=
 new JTextField(25);



 panelTextCompany.setVisible(true);



 panelTextCompany.setMinimumSize(new Dimension(150,22));



 panelTextCompany.setPreferredSize(new Dimension(150,22));



 panelTextCompany.setMaximumSize(new Dimension(150,22));



 panelTextCompany.setEditable(true);



 panelTextCompany.setBackground(Color.white);



 panelCompany.add(panelTextCompany);



 panelUser.add(panelCompany,BorderLayout.WEST);



 panelCompanyStatus
=
 new JPanel();

 panelCompanyStatus.setLayout(new GridBagLayout());

panelCompanyStatus.setBorder(new TitledBorder(new EtchedBorder(),"Listing Status"));



 gridBagConst.fill = GridBagConstraints.NONE;



 gridBagConst.anchor = GridBagConstraints.WEST;



 gridBagConst.insets = new Insets(5,5,5,5);



 gridBagConst.gridwidth = 1;



 gridBagConst.gridheight = 1;



 gridBagConst.weightx = 0.0;



 gridBagConst.weighty = 0.0;



 gridBagConst.gridx = 1;



 gridBagConst.gridy = 0;



 gridBag.setConstraints(panelCompanyStatus, gridBagConst);

String items[] = {"","Prospect","Prospect Under Review","Approved For Listing","Listed","DeListed","Suspended","Pending Removal"};



 JComboBox
listCompany = new JComboBox(items);



listCompany.setMinimumSize(new Dimension(200,22));



listCompany.setPreferredSize(new Dimension(200,22));



listCompany.setMaximumSize(new Dimension(200,22));



panelCompanyStatus.add(listCompany);



panelUser.add(panelCompanyStatus,BorderLayout.EAST);



panelMain.add(panelUser,BorderLayout.NORTH);



 panelCompany1
=
 new JPanel();



 panelCompany1.setLayout(new BorderLayout());



 panelCompany1.setMinimumSize(new Dimension(700,250));



 panelCompany1.setPreferredSize(new Dimension(700,250));



 panelCompany1.setMaximumSize(new Dimension(700,250));

 panelCompany1.setBorder(new TitledBorder(new EtchedBorder(),"Company Details"));



 myModel = new DefaultTableModel();



 fTable = new JTable(myModel);



 cellRenderer = new DefaultTableCellRenderer();



 fTable.setDefaultRenderer(Object.class,cellRenderer);



 setUpComboColumn(fTable.getColumnModel().getColumn(1));



 setUpComboColumn(fTable.getColumnModel().getColumn(5));



 fTableScrollPane = new JScrollPane(fTable);



 fTableScrollPane.setPreferredSize(new Dimension(700,200));



 panelCompany1.add(fTableScrollPane,BorderLayout.NORTH);



 panelMain.add(panelCompany1,BorderLayout.CENTER);



 panelCompany2
=
 new JPanel();



 panelCompany2.setLayout(new BorderLayout());



 panelCompany2.setMinimumSize(new Dimension(700,125));



 panelCompany2.setPreferredSize(new Dimension(700,125));



 panelCompany2.setMaximumSize(new Dimension(700,125));

 panelCompany2.setBorder(new TitledBorder(new EtchedBorder(),"Company Contact"));



 panelCompany21
=
 new JPanel();



 panelCompany21.setLayout(new BorderLayout());



 panelCompany21.setMinimumSize(new Dimension(250,110));



 panelCompany21.setPreferredSize(new Dimension(250,110));



 panelCompany21.setMaximumSize(new Dimension(250,110));

panelCompany21.setBorder(new TitledBorder(new EtchedBorder(),"Business Description"));



textAreaBusinessSummary
=
new JTextArea();

textAreaBusinessSummary.setFont(new Font("SansSerif",Font.PLAIN,12));



textAreaBusinessSummary.setLineWrap(true);



textAreaBusinessSummary.setBorder(new BevelBorder(1));



textAreaBusinessSummary.setWrapStyleWord(true);



textAreaBusinessSummary.setEnabled(true);



textAreaBusinessSummary.setCaretPosition(0);



textAreaBusinessSummary.scrollRectToVisible(new 









Rectangle(0,0));

scrollPaneBusinessSummary = new JScrollPane(textAreaBusinessSummary);



scrollPaneBusinessSummary.setPreferredSize(new 









Dimension(150,100));

scrollPaneBusinessSummary.setVerticalScrollBarPolicy(
JScrollPane.VERTICAL_SCROLLBAR_ALWAYS);



panelCompany21.add(scrollPaneBusinessSummary);



panelCompany2.add(panelCompany21,BorderLayout.WEST);



panelCompany22
=
 new JPanel();



panelCompany22.setLayout(new BorderLayout());



panelCompany22.setMinimumSize(new Dimension(200,110));



panelCompany22.setPreferredSize(new Dimension(200,110));



panelCompany22.setMaximumSize(new Dimension(200,110));

panelCompany22.setBorder(new TitledBorder(new EtchedBorder(),"Company URL"));



companyUrl
 = new JButton("Company URL");



companyUrl.setPreferredSize(new Dimension(175,30));



panelCompany22.add(companyUrl,BorderLayout.NORTH);



companyUrl.addActionListener(this);



yahooUrl
 = new JButton("Memory Leak");



yahooUrl.setPreferredSize(new Dimension(175,30));



panelCompany22.add(yahooUrl,BorderLayout.SOUTH);



yahooUrl.addActionListener(this);



panelCompany2.add(panelCompany22,BorderLayout.EAST);



panelCompany23
=
 new JPanel();



panelCompany23.setLayout(new BorderLayout());



panelCompany23.setMinimumSize(new Dimension(250,110));



panelCompany23.setPreferredSize(new Dimension(250,110));



panelCompany23.setMaximumSize(new Dimension(250,110));

panelCompany23.setBorder(new TitledBorder(new EtchedBorder(),"HeadQuarters Address"));



companyAdd1
 = new JTextField(20);



companyAdd1.setPreferredSize(new Dimension(175,22));



panelCompany23.add(companyAdd1,BorderLayout.NORTH);



companyAdd2 = new JTextField(20);



companyAdd2.setPreferredSize(new Dimension(175,22));



panelCompany23.add(companyAdd2,BorderLayout.CENTER);



companyAdd3
 = new JTextField(20);



companyAdd3.setPreferredSize(new Dimension(175,22));



panelCompany23.add(companyAdd3,BorderLayout.SOUTH);



panelCompany2.add(panelCompany23,BorderLayout.CENTER);



panelMain.add(panelCompany2,BorderLayout.SOUTH);



jintFrame1.getContentPane().add(panelMain);



jintFrame1.setVisible(true);



jintFrame1.addInternalFrameListener(new 









InternalFrameAdapter() {



public void internalFrameClosing(InternalFrameEvent e){



  comboBox    = null;



  yahooUrl    = null;



  companyUrl  = null;



  jintFrame   = null;



  panelMain   = null;



  panelUser   = null;



  panelCompany  = null;



  panelCompany2 = null;



  panelCompany21= null;



  panelCompany22= null;



  panelCompany23= null;



  textAreaBusinessSummary    = null;



  panelTextCompany = null;



  companyAdd1      = null;



  companyAdd2      = null;



  companyAdd3      = null;



  panelCompanyStatus = null;



  panelCompany1      = null;



  myModel     
   = null;



  fTable       = null;



  cellRenderer = null;



  fTableScrollPane           = null;



  scrollPaneBusinessSummary  = null;



 if(memButton) {




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





vBytes.removeElementAt (0);




 }



 }




 vBytes
=
null;



 dispose();


System.out.println("after Closing--"+runTime.freeMemory ());

     
}


});


return jintFrame1;


}


public void addIntFrame()


{



Container g = getContentPane();



g.add(jintFrame, BorderLayout.CENTER);


}


// init method invoked when the constructor is called


public void init() 
{


 try {



//to set the windows look & feel

UIManager.setLookAndFeel("com.sun.java.swing.plaf.windows.WindowsLookAndFeel");


 } catch (Exception e)
{



e.printStackTrace();


 }


 menu1 = new JMenu("File");


 menuItem1 = new JMenuItem("Open");


 menuItem1.setAccelerator(KeyStroke.getKeyStroke(

        

KeyEvent.VK_1, ActionEvent.ALT_MASK));


 menuItem1.addActionListener( new ActionListener() {



public void actionPerformed(ActionEvent e) {




if (jintFrame == null)
{

System.out.println("Before Creating InternalFrame --"+runTime.freeMemory ());





jintFrame = createInternalFrame();





addIntFrame();




}else{





setInternalFrameVisible(true);




}





//setInternalFrameVisible(true);




}


    }


 );


 menuItem2 = new JMenuItem("Close");


 menuItem2.setAccelerator(KeyStroke.getKeyStroke(

        
KeyEvent.VK_2, ActionEvent.ALT_MASK));


 menuItem2.addActionListener(new ActionListener() {



public void actionPerformed(ActionEvent e) {




setInternalFrameVisible(false);



}


    }


 );


 Container g = getContentPane();


 setSize(700,550);


 setTitle("Memory Profiling in Java");


 // Code for MenuBar


 menu1.add(menuItem1);


 menu1.add(menuItem2);


 menu1.setMnemonic(KeyEvent.VK_F);


 menuBar1 = new JMenuBar();


 menuBar1.add(menu1);


 setJMenuBar(menuBar1);


 // Code For MenuBar ends


addWindowListener(new WindowAdapter(){



public void windowClosing(WindowEvent we){




System.exit(0);



}

  
  }


);


setVisible(true);

}

// this action performed method is invoked when the button is clicked

// the memory leak button introduces a memory leak  by allocating some // objects

public void actionPerformed(ActionEvent ae) {

if (ae.getSource()== yahooUrl) {


memButton=true;


 vBytes = new Vector (count);





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






vBytes.addElement (new byte[8196]);





}





System.out.println("after Clicking memory Leak Button--"+runTime.freeMemory ());




JOptionPane.showMessageDialog(this,"You have Clicked Memory Leak Button  which will Allocate Memory",





"Memory Leaks",JOptionPane.INFORMATION_MESSAGE);


} else if (ae.getSource()== companyUrl){



JOptionPane.showMessageDialog(this,"You have Clicked Company URL",




"Memory Leaks",JOptionPane.INFORMATION_MESSAGE);


}

}

// method adds the menu to the menuBar

public void addMenu(JMenu menu){



menuBar.add(menu);


}

// method which sets up the comboBox

public void setUpComboColumn(TableColumn column){

        comboBox.setSelectedIndex(0);

        column.setCellEditor(new DefaultCellEditor(comboBox));



DefaultTableCellRenderer renderer = new DefaultTableCellRenderer();

        renderer.setToolTipText("Click for combo box");

        column.setCellRenderer(renderer);

        TableCellRenderer headerRenderer = column.getHeaderRenderer();

        if (headerRenderer instanceof DefaultTableCellRenderer)



{

            ((DefaultTableCellRenderer)headerRenderer).setToolTipText("Click to see 







a list of choices");

        }

    }

// method which defines the model & properties for the table

class DefaultTableModel extends AbstractTableModel {

        final String[] columnNames = {"Root CUSIP","Status","Active","Visible",

"Trading","Status"};

        final Object[][] data = {

            {"1SA345RT-98", (String)comboBox.getItemAt(0), new Boolean(false),

             new Boolean(true), new Boolean(false), (String)comboBox.getItemAt(0)},

            {"1SA34567T-98", (String)comboBox.getItemAt(0), new Boolean(true),

             new Boolean(true), new Boolean(false), (String)comboBox.getItemAt(1)},


{"345SA34567T-98", (String)comboBox.getItemAt(4), new Boolean(false),

             new Boolean(false), new Boolean(true), (String)comboBox.getItemAt(3)}

        };

        public int getColumnCount() {

            return columnNames.length;

        }

       public int getRowCount() {

            return data.length;

        }

        public String getColumnName(int col) {

            return columnNames[col];

        }

        public Object getValueAt(int row, int col) {

            return data[row][col];

         }

        public Class getColumnClass(int c) {

            return getValueAt(0, c).getClass();

        }

        public boolean isCellEditable(int row, int col) {


return true;

         }

           public void setValueAt(Object value, int row, int col) {

            if (data[0][col] instanceof Integer

                    && !(value instanceof Integer)) {

                try {

                    data[row][col] = new Integer(value.toString());

                    fireTableCellUpdated(row, col);

                } catch (NumberFormatException e) {

                    e.printStackTrace();

                }

            } else {

                data[row][col] = value;

                fireTableCellUpdated(row, col);

            }

            }


}

}

