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1.  INTRODUCTION

The Analysis Engine is a tool for generating tables and plots from ASCII data files. It has three main components: the table application, the plotting engine, and the statistics package. The table application provides the user interface for importing data files into the system and displays the data as rows and columns.  Each data file is shown in its own tab.  The table application can sort, filter, and format the data.  It accesses the statistics package to compute statistics on the data, and it passes subsets of the data to the plotting engine, which creates many types of plots.  
A unique feature of the analysis engine is that it allows the user to save a configuration of the table along with a set of plots.  This configuration can be reloaded at a later time and applied to data files with the same format.  This allows the user to quickly reproduce a table and set of plots in the same form as they were in a previous analysis engine session. This is very useful when the same analyses need to be repeated with new data sets, as is the case for model evaluation and sensitivity and uncertainty studies. 
The Analysis Engine is a Java application that can run on Windows, Macintoshes, Linux, and other versions of Unix. It is provided as part of the U.S. EPA’s Multimedia Integrated Modeling System (MIMS), but does not require any other parts of MIMS to run and can be used as a standalone system. For more information on MIMS, see http://www.epa.gov/asmdnerl/mims/.

2.  SYSTEM COMPONENTS
2.1  The Table Application
The table application provides the interface for loading data into the analysis engine.  It can 
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currently read the following types of files:  

comma separated value (.csv), tab delimited, custom delimited, fixed-width columns, SMOKE report, ARFF files (used by WEKA), and several other specialized formats.

In the table application, data are presented in rows and columns, as shown in Figure 5. When multiple files are loaded, each file is shown in its own tab.  The data in a column can be sorted up or down by clicking on the column header. Oper​ations available from the toolbar include sorting using multiple data columns, showing the top or bottom N rows (based on data from a specific column), filtering out rows (based on the data attributes of multiple columns), hiding columns, formatting columns, creating plots, com​puting statistics (e.g., mean, sum, histogram, per​centiles), and viewing the “analysis configuration.”  
The analysis configuration consists of the table configuration and the plots you have created during your session. Configurations can be saved and applied to data sets in future sessions, there​by allowing an analysis to be quickly repeated on a new data set. After the table is made to appear as the user wants it, the contents of the table can be exported to .csv, .arff, and delimited file formats. Eventually, other formats such as RTF and HTML may be supported.
2.2 The Plotting Engine

The plotting engine consists of a Java inter​face to the statistical package R (see http://www.r-project.org/). The plot icon on the Analysis Engine toolbar provides users with access to the plotting engine. The dialog that appears when this icon is pressed is shown in Figure 1. Programmers can access the plotting engine directly via its application programming interface (API).  
The following types of plots can be created by the Analysis Engine: bar, box and whisker, cumulative density function (CDF), discrete category, histogram, rank order, XY, scatter, line, time series, regression, and tornado. The plots can be shown on the screen and saved to a variety of formats, including PDF, Postscript, JPEG, PNG, and LaTeX. 
Some atypical plots are the rank order and discrete category plots. Rank order plots (Figure 2) rank the data elements in ascending or de​scend​​ing order and then plot them according to their rank. This plot type is useful for screening analyses.  The discrete category plot (Figure 3) is similar to a bar plot in that it has names or “categories” on the X axis and numeric values on the Y axis. However, instead of showing the data values with bars, they are plotted using symbols. This makes it easy to show many data sets on a single plot. 
2.3  Statistics Package
When the statistics icon on the Analysis Engine toolbar is pressed, the table application opens a window (see Figure 6) that allows the user to choose from a set of statistics that can be computed, along with a set of data columns for which they should be computed. Currently, basic statis​tics, histograms, and percentiles are available. The selected statistics are computed for each data column that was selected. After statistics are com​puted, the statistics for each column are shown in new data tabs within the statistics window. Basic statistics, percentiles, and histograms each appear as tables in separate tabs. Currently, all statistics are computed using the Colt package (see http://www-itg.lbl.gov/~hoschek/colt/). 
The available basic statistics are minimum, maximum, sum, mean, median, standard devia​tion, skew, and kurtosis. If percentiles or histo​grams are selected, additional configuration infor​mation can be specified in the statistics window. For example, breakpoints can be specified for the histogram, and the desired percentiles can be specified. Shortcuts are provided in order to make this process as painless as possible. An example of a table that was created by computing percentiles is shown in Figure 7.
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Figure 1. Plot Selection Dialog
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Figure 2. Rank Order Plot of Modeled, Observed, and Error Values.


[image: image3]
Figure 3. Discrete Category Plot of Modeled and Observed SO4 for Selected Observation Sites.

3.  APPLICATIONS FOR THE ANALYSIS ENGINE
The table and plotting tools available from the Analysis Engine can efficiently support many types of analyses, such as model evaluation, sensitivity and uncertainty analysis, and general data analy​sis. Using the table application, data can be sort​ed, filtered, and formatted into a desired state. Then the resulting data sets can be plotted and analyzed with statistics. Figures 2 and 3 are ex​ample plots from a model evaluation study. The rank order plot in Figure 2 allows for modeled, ob​served, and error values of several species to be examined in a summary fashion. Figure 3 shows the comparison of modeled and observed SO4 for a filtered set of sites.

A feature of the table application that is very useful for model evaluation and other types of data analysis is the ability to save the configuration of the table and the plots that were generated to a file called an analysis configuration, discussed in Section 2.1. When an analysis configuration is loaded for a new data set, the same set of plots can be quickly regenerated. This feature can also be accessed from the com​mand line for generating plots in an automated fashion. 
Some special capabilities that support sensitivity and uncertainty analysis have been added to the Analysis Engine. One of these is the ability to compute and plot CDFs and regression lines. An example of a regression plot is shown in Figure 4. Other useful features for sensitivity and uncertainty analysis are new statistical analyses for obtaining tables of regression coefficients and correlation coefficients. These analyses will be implemented by interfacing with the software WEKA (see http://sourceforge.net/projects/weka/). 
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Figure 4. An Example Regression Plot.
4.  FUTURE DIRECTIONS
Some of the enhancements that would be useful to implement in the Analysis Engine table application are:

· adding rows and columns to tables that are the result of functions (e.g., difference, sum);
· creating plots and tables from data obtained from multiple tabs / files;

· copying data onto the clipboard so that they can be pasted into Microsoft Excel or other applications; and
· optionally hiding the header, footer, and file name on each tab.

An up-to-date list of the features that might be added can be found on the requests for enhance​ment (RFEs) page for the MIMS project in Source​Forge at https://sourceforge.net/projects/mimsfw. To see the RFEs specific to the Analysis Engine, click on the RFE link in the list of links under the project title bar, then select Analysis Engine as the Category on the RFE Web page and click on the Browse button.

The project that is currently funding the devel​opment of the Analysis Engine at the Carolina Environmental Program will be completed on October 31, 2004. Some development work on the plotting engine will continue at EPA’s Visual​ization Laboratory in FY2005. Funding for further devel​opment of the table application is dependent upon support from programs that want to use the Analy​sis Engine. For example, the Analysis Engine may become part of an emissions quality assurance tool. 
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Figure 5. Analysis Engine Table Application showing sites with the top 15 values for observed SO4.
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Figure 6. The Statistics Window.
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Figure 7 . A Screen Shot of a Table of Percentiles Generated by the Analysis Engine.
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