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Introduction

JFreeChart is a free (LGPL) chart library for the Java platform.  It supports bar charts, pie charts, line charts, time series charts, scatter plots, histograms, simple Gantt charts, Pareto charts, bubble plots, dials, thermometers and more.

The current version is 1.0.13 and was released April 20, 2009 and is provided at www.jfree.org/jfreechart.  JFreeChart is the first open source, Java-based charting library to reach the 1.0 milestone.
It can generate charts that appear on Swing canvases, charts that create PNGs for inclusion on web pages, and charts that are PDF files for inclusion on reports.  This is a considerable level of flexibility.  In addition the entire package is built using objects, such as Axis, Legend, and DataSeries, so that details of the chart can be confiugred at a fine level of detail.  Plus, charting objects can be combined to create a char with multiple axies, overlaid datasets, and combined types.  Or you can even create a chart with multiple drawing areas, but having shared domain axes.  There are examples of all of these in the demo set.

The samples are created using programs that are available for download (the complete source code) when you purchase the JFreeChart Developer Guide.  This costs $39.95.  The Developer Guide is more than 500 pages long.  It has an overview and usage examples of the different types of classes, including each graph type, then discussion about customization, changing the composition of axes, labels, etc.  The final 250 pages are mostly a JavaDoc-like enumeration of classes and methods.

JFreeChart has no commercial support available, but you can solve most problems by visiting the project's forums.  According to JFreeChart’s author, the current user base is around 40,000 to 50,000 developers and many projects have been using this library for years, so it's quite likely that most of the problems you may encounter have already been dealt with.  As a last resort, you can turn to the source code.

Organization of the Libraries

The libraries required are:

jcommon-1.0.16.jar

jfreechart-1.0.13.jar

There is also an “experimental” jar file, which contains the following:
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Some of the examples in the jFreeChart library also use iText.

Examples

XY Chart

An XYDataset can create area, line, and step XY charts.  The following example creates an XYDataset from a series of data containing three XY points.  Next, ChartFactory's createXYLineChart() method creates an area XY chart.  In addition to parameters for title and dataset, createXYLineChart() takes the labels for the X and Y axes, and the chart orientation: 

XYSeries series1 = new XYSeries("Data Set 1");

series1.add(20.0, 10.0);

series1.add(40.0, 20.0);


series1.add(70.0, 50.0);


XYSeries series2 = new XYSeries("Data Set 2");


series2.add(10.0, 25.0);


series2.add(35.0, 30.0);


series2.add(70.0, 55.0);


XYSeriesCollection xyDataset = new XYSeriesCollection();


xyDataset.addSeries(series1);


xyDataset.addSeries(series2);


JFreeChart chart = ChartFactory.createXYLineChart

("Sample XY Chart",   // Title

         "Height",           // X-Axis label

         "Weight",           // Y-Axis label

         xyDataset,          // Dataset

         PlotOrientation.VERTICAL, // Orientation

         true,               // Show legend

         true,               // Show tooltips

         false               // Show urls

       );

Column or Bar Chart

A Bar chart can be arranged in a horizontal (bar) or vertical (column) layout.  There isn’t any class called createColumnChart() in the ChartFactory class.
The data for such a chart is arranged in categories.

DefaultCategoryDataset dataset = new DefaultCategoryDataset();

      dataset.addValue(11.0, "Site1", "C1");

dataset.addValue(-1.0, "Site1", "C2");

dataset.addValue(10.0, "Site1", "C3");

dataset.addValue( 4.0, "Site1", "C4");

dataset.addValue(11.0, "Site2", "C1");

dataset.addValue( 5.0, "Site2", "C2");

dataset.addValue( 6.0, "Site2", "C3");

dataset.addValue( 8.0, "Site2", "C4");

dataset.addValue(11.0, "Site3", "C2");
dataset.addValue(-1.0, "Site3", "C4");
JFreeChart chart = ChartFactory.createBarChart(

"Bar Chart", // title
"Category",  // labeling information
"Value",     // labeling information
dataset,

     

PlotOrientation.VERTICAL, // Orientation

true,           // Show legend

true,           // Show tooltips

false           // Show urls

);
There is a corresponding routine called createBarChart3D(), which creates the 3D counterparts of the renderers for the axes and the items. This enables you to make a chart 3D by changing one call.
Pie Chart
A DefaultPieDataSet holds information for the PieChart.  The following example creates a DefaultPieDataSet for three categories.  Next, ChartFactory's createPieChart() method creates a pie chart. In addition to parameters for title and dataset, createPieChart() takes a few flags to control display of legend, tool tips and urls: 

DefaultPieDataset dataset = new DefaultPieDataset();

dataset.setValue("Category 1", 43.2);

dataset.setValue("Category 2", 27.9);

dataset.setValue("Category 3", 79.5);

JFreeChart chart = ChartFactory.createPieChart(

"Sample Pie Chart",

dataset,

true, // legend?

true, // tooltips?

false // URLs?

);

There is a corresponding routine called createPieChart3D(), which creates the 3D counterparts of the renderers for the axes and the items.  This enables you to make a chart 3D by changing one call.
Drawing Gauges, Meters, and Dials

These have been added in recent releases.

Here is an example of a meter:

** Axis position options. */
protected static final String[] AXIS_OPTIONS = {
    "None", "Right", "Left"};

/** The dataset. */
private DefaultValueDataset data = new DefaultValueDataset(20.0);

/** The meter plot (dial). */
 private MeterPlot meterplot = new MeterPlot(this.data);

/** The meter chart (dial). */
private JFreeChart meterchart = new JFreeChart("Meter Chart",
                                               JFreeChart.DEFAULT_TITLE_FONT,
                                               this.meterplot, false);
Support for Tooltips

The code in JFreeChart will also generate tooltips, which appear when the mouse is over the bars of the bar charts, etc.

However, this requires generation of both the image and the image map for use in the web page, and we don’t currency have any examples in this area.
Limits as Currently Understood

There doesn’t appear to be any “Traffic Light” drawing class.  Since this will be important for status-display dashboards, we will need to create at least one new rendering class.
Integrating JFreeChart

Integrating JFreeChart into a Swing application is relatively easy.   You can use a ChartFrame, as follows:

ChartFrame frame = new ChartFrame("First", chart);

frame.pack();

frame.setVisible(true);

Another approach uses images which can be shown through Swing components.  Just create a BufferedImage from the chart and use the image as an icon for a JLabel: 

BufferedImage image = chart.createBufferedImage(500, 300);

JLabel lblChart = new JLabel();
lblChart.setIcon(new ImageIcon(image));

JFreeChart also includes a class named ChartUtilities that provides several methods for saving charts to files or writing them out to streams in JPEG or PNG format.  For example, the following piece of code can export a chart to a PNG: 

ChartUtilities.saveChartAsPNG(new File("chart.png"), chart, 500, 300);

The methods in the ChartUtilities class can be used to create PNGs for use in a static Webpage, or used in a JSP (JavaServer Pages)/servlet-based application to dynamically stream charts to web pages. 

The package includes encoders for PNG format, and makes use of encoders that are provided in Java 1.4 or later.  Apparently, earlier releases of JFreeChart also used GIFs, but the package has now switched over to using PNG.  See more notes below.

Usage in a Servlet

For this, we use the provided encoders to generate a PNG file.  A PNG file avoids the license issues of GIF, and avoids the lossy compression of JPEG.

Here is an example servlet that generates a chart:
public void doGet(HttpServletRequest request, HttpServletResponse response)

throws ServletException, IOException {

OutputStream out = response.getOutputStream();

try {

DefaultCategoryDataset dataset = new DefaultCategoryDataset();

dataset.addValue(10.0, "S1", "C1");

dataset.addValue(4.0, "S1", "C2");

dataset.addValue(11.0, "S9", "C3");

dataset.addValue(-10.0, "S9", "C4");

JFreeChart chart = ChartFactory.createBarChart(

"Bar Chart",

"Category",

"Value",

dataset,

PlotOrientation.VERTICAL,

true, true, false

);

response.setContentType("image/png");

ChartUtilities.writeChartAsPNG(out, chart, 400, 300);

}

catch (Exception e) {

System.err.println(e.toString());

}

finally {

out.close();
}

}

The important routine here is the writeChartAsPNG call, which is given the chart object and the output stream.

Within the com.incra.controller.MainServlet’s doGet code, we indicate that output is a PNG by using an output type of PNG.  Earlier versions supported GIF.
Using the p: Tags in Seam for charts

As described in our document “Notes on Seam”, these provide a very quick but simple way of creating a chart.  The tags have few parameters, and you cannot override any of the rendering behavior by specifying unique subclasses of Renderers.
Integration into JSF/Seam

Here we are discussing integration at the code level, rather than using the p: tags of Seam.
The most common approach is to have the chart converted to a PNG and the bytes stored, then have an h:graphicImage tag fetch the bytes.  Here is an example:
public class DashboardManager {

  byte[] chart;

  public void init() {

    …

    createChart();

    …

  }

  public byte[] getChart() {

    return chart;

  }

  protected void createChart() {

    JFreeChart jFreeChart = ChartFactory.createBarChart(…);

    chart = ChartUtilities.encodeAsPNG(jFreeChart.createBufferedImage(400, 300));

  }

}
Where the page looks like:

  …
  <h:graphicImage value=”#{dashboardManager.chart}” width=”300px” />

  …

Overriding Default Colors

For the bar chart, we use:

chart.setBackgroundPaint(Color.gray);

chart.getTitle().setPaint(Color.white); 

CategoryPlot p = chart.getCategoryPlot(); 

p.setRangeGridlinePaint(Color.green)

The categoryPlot object is clearly the most important object in this example.

Writing Custom Renderers

The most important objects in the JFreeChart package (other than the data objects) are the Renderers.  These are created by createBarChart(), for example.

If you want to change the appearance of the bar chart, such as to place labels or data values on the bar, you must use a CustomRenderers that extends a provided renderer.  Here is an example of a custom renderer that takes a list of colors to use:
    /**
     * A custom renderer that returns a different color for each
     * item in a single series.
     */
    class CustomRenderer extends BarRenderer {

        /** The colors. */
        private Paint[] colors;

        /**
         * Creates a new renderer.
         *
         * @param colors  the colors.
         */
        public CustomRenderer(final Paint[] colors) {
            this.colors = colors;
        }

        /**
         * Returns the paint for an item.  Overrides the default 
         * behavior inherited from AbstractSeriesRenderer.
         *
         * @param row  the series.
         * @param column  the category.
         *
         * @return The item color.
         */
        public Paint getItemPaint(final int row, final int column) {
            return this.colors[column % this.colors.length];
        }
    }
In this case, we have changed the method to look up color information.

A more common approach is to override drawItem(), which performs the painting.  It is passed the drawing canvas, and the dimensions, and the value.  Typically, you will run the super class method and then draw a label.

To change the colors used in the legend, you must create new legend objects.  Here is an example:

private static LegendItemCollection createLegendItems() {

LegendItemCollection legendItemCollection = new LegendItemCollection();

LegendItem legenditem1 = new LegendItem

("Site1", "-", null, null, Plot.DEFAULT_LEGEND_ITEM_BOX, colors[0]);

LegendItem legenditem2 = new LegendItem

("Site2", "-", null, null, Plot.DEFAULT_LEGEND_ITEM_BOX, colors[1]);

LegendItem legenditem3 = new LegendItem

("Site3", "-", null, null, Plot.DEFAULT_LEGEND_ITEM_BOX, colors[2]);

legendItemCollection.add(legenditem1);

legendItemCollection.add(legenditem2);

legendItemCollection.add(legenditem3);

return legendItemCollection;
}
Composition

A typical chart object is composed of a collection of plot, legend, axis, and rendering objects.  The root object is an instance of JFreeChart.  Rather than having subclasses of this class, the specialization is done by composition.  The combined structure of a typical JFreeChart object is shown below:
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JFreeChart supports the use of multiple axes and datasets in the CategoryPlot and XYPlot classes.  You can use this feature to display two or more datasets on a single chart, while making allowance for the fact that the datasets may contain data of vastly different magnitudes.

Overview of Class Structure

The package is divided into two subpackages: chart and data

Chart Package

The org.jfree.chart.plot package contains:

· The Plot base class

· A range of plot subclasses, including PiePlot, CategoryPlot and XYPlot
· Various support classes and interfaces.

This is an important package, because the Plot classes play a key role in controlling the presentation of data with JFreeChart.

The org.jfree.chart.axis package has Axis facilities.  To add an axis, use the addAxis() method, which takes an index number to indicate the axis placement.
The org.jfree.chart.labels package has classes to display labels.
The org.free.chart.titles package has classes to display titles.
The org.jfree.chart.needle package contains code for rendering the needle of a dial.  This is used in a CompassPlot.  It is not clear what chart handles the drawing of the dial.
The org.jfree.chart.renderer package has rendering facilities.

The org.jfree.chart.servlet contains the utilities for use in a servlet.

The org.jfree.chart.block package contains classes that are used for laying out rectangular items (blocks) within containers. Primarily, the classes in this package are used by the LegendTitle class.

Thje org.jfree.chart.entity package contains classes that represent entities in a chart.  Recall that when you render a chart to a Graphics2D using the draw() method in the JFreeChart class, you have the option of supplying a ChartRenderingInfo object to collect information about the chart’s dimensions.  Most of this information is represented in the form of ChartEntity objects, stored in an EntityCollection.

Data Package

The org.jfree.data package contains the data representation facilities.  A design principle in JFreeChart is that there should be a clear separation between the data (as represented by the classes in this package) and its presentation (controlled by the plot and renderer classes defined elsewhere).  For this reason, you will not find methods or attributes that relate to presentation (for example, series colors or line styles) in the dataset classes.

Sub-packages include

· Contour

· Category

· Gantt
· General

· Statistics

· Time

· XML

· XY
Data Loading

There are classes that help in JDBC data loading of information to put into a chart.  Are they useful to us?

Notes on Specific Classes

JFreeChart – the base class for all chart objects.  Typically created by a method on the ChartFactory class.

XYSeries – a set of x,y pairs

XYSeriesCollection extends XYDataSet – multiple x,y series objects.  What about different legends or scales for these?

ChartFactory.createXYLineChart – this is a factory method that carries out simple creation of an XYChart.  A JFreeChart is returned which has renderers and plots created.  After creating the object, you can access the sub-components, such as the axes and the plot area using the getPlot() and getAxis() methods.

DefaultPieDataset.  Note that dataset is always with a lower case ‘s’

ChartFactory.createPieChart – this is a factory method that carries out simple creation of a PieChart.  A JFreeChart is returned which has renderers and plots attached.
Questions and Issues

What are the classes that are used for overlaying multiple frames on a screen?

How do tooltips work?

How do we integrate into Seam?
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