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Background and history

A single run of the CAPRI modeling system will generate easily several hundred thousand numerical values, for a typical production activity in any one region or farm type alone on the range of fifty, and there are about 280 single regions and aggregates of them in EU27, and about fifty production activities. On top, the numbers span several dimensions: regions or even farm type inside regions, inputs/outputs, activities, scenarios and years; in the market model, trading partners are an additional dimension.

It is therefore obvious that only a very small percentage of these numbers will ever be analyzed by users for a specific run, however, the part inspected will depend on the specific focus of each user. Especially during model development and validation, almost every exogenous or endogenous item will once in a while come into focus, so that the only sustainable approach consists in storing all the numbers and leave it up to the users which one he will inspect. The basic problem is hence quite comparable to a data warehouse problem in business administration: to generate efficient, multi-purpose and user-friendly tools to exploit the content of a huge multi-dimensional data cube.

In the early years of CAPRI, the user community consisted entirely of developers, which were familiar with the codes used in the GAMS programs and in the data base management system used by CAPRI, and it seemed sufficient to provide a tool (DAOUT) which allowed to retrieve any selection of results, and show it in a spreadsheet-like table with pivoting and exporting possibilities. In order to exploit the possibilities of the tool, background knowledge about the technical organization of the CAPRI data base management system was necessary as well as to remember all the four character codes used to label the items in the data base. After a few training sessions, it became obvious that such knowledge was hard to teach, not necessary in order to use the CAPRI model for policy impact analysis, and that is was creating an unnecessary burden to handle the system. A second important experience was the fact that users felt helpless to find suitable selections and views in front of the enormous multi-dimensional data cube of results.

The first answer to that observation was the so-called CAPRI mapping tool, whose first version became operational in the second half of 1999 and is in use since then. Given the about 200 regions for EU15, it mostly responded to the fact that neither graphics nor tables allow it quickly capture a picture across regions. Not at least, the tool offered a selection of key results, put together into groups, and suitable for analysis in maps. The tool became a kind of trademark of CAPRI, and was later applied in other modeling systems as the AFMAMOD for South Africa, the RAUMIS system in Germany, the CAPSIM model and the @2030 model of the FAO.

Already in earlier project of the Institute of Agricultural Policy as in the SPEL model, suites of predefined exploitation tables were realized. Almost any agricultural sector model with a longer lifespan features such exploitation tables, prominent examples are the FAPRI projection results.

So the question was not if but how to create such a suite for CAPRI. Given the dimensionality of the results, two features were key: drill-down possibilities to go from general to specific, and some scrolling mechanism through data dimensions. It was quickly decided that HTML based tables combined with some script language would be an easy to develop and maintain solution, and shortly after the mapping tool was in use, HTML table were generated directly from the GAMS code allowing the user to navigate through the results. The tables were quickly accepted by the CAPRI user community, and as with the mapping tool, the basic approach quickly taken over into other modeling systems as the @2030 model at the FAO.

In the very first version of the table tool, the HTML code was generated in GAMS, which severe consequences. Firstly, it resulted in an enormous use of disk space, as both the number and the HTML tags used for formatting had to be stored in text file. Secondly, as the main purpose was to compare results from several scenarios, the results from all the scenarios to compare had to be present at the time of generation of the tables during the GAMS run with severe consequences on the workflow and the technical structure of the CAPRI GAMS programs. And finally, once the run was over and the tables written to disk, it was impossible to add or change anything in the structure and layout of the tables. 

It was obvious that some kind of report generator was necessary which would allow creating tables on demand, based on definitions what tables to generate, what items to load into them, how to pivot them and how to navigate through them via links. In finding a suitable solution, several viewpoints had to be taken into account. Firstly, the tool should allow copying results easily in standard software as spreadsheets. Secondly, a server based solution as Java servlets or Active Server Pager were not a real choice, as they would generate an environment which would render the installation of CAPRI outside the core developing group very cumbersome. Thirdly, the solution should either use license free products which could be installed easily, or even better, should use the tool readily available on a standard Windows PC. Fourthly, it should be sourced when possible with text input file which could be generated from GAMS.

The general experience with the HTML tables was quite positive as the user felt immediately at ease with the browser as an environment for navigating through tables, cascading style sheets (CSS) offered the chance to keep structure and appearance separate as well as to generate a suitable layout for the table, and content and formatting information could be easily ported to standard software via the clipboard. A feature deemed important since the very first version was the drill-down possibility via links. Imagine a table showing quantities produced by an activity and gross margin per ha. The user could then click on the number showing the quantities, and open a table offering yields and activity levels as the elements defining supply, or click the gross margin, to visit a table showing revenues and costs.

With the decision taken to use HTML, the question was left which tool to use to generate dynamic HTML tables. As server-sided solutions were out of the game, the selection became narrow. For simplicity, it was decided to store the table definitions and the data in XML and to use the XSLT inbuilt in the browser processor to generate HTML, enriched to the minimal extent necessary with JavaScript to dynamically reload new tables or change views. Even if the current version only works with Internet Explorer, it could be easily ported to other browsers as well.

A second important question was that of graphical possibilities. Clearly, for graphics in any final product based on CAPRI – be it a scientific paper, a research report or a presentation in front of stake holders – the usage of a graphic program is clearly advisable to allow full flexibility in layout. However, selecting the data in the browser, inserting in a spreadsheet or graphic program and then drawing graph is not a feasible approach when speedily inspecting results during result validation. Here new graphics must be drawn simply by scrolling through selection lists. SVG was chosen as an obvious companion to the XSLT as it offered the nice possibility to generate graphics on the fly via XSLT/Javascript, with the clear perspective of export as a vector graphic.

An unresolved issue until beginning of 2006 was the co-existence of the Java-applet based mapping tool, using specifically formatted text file generated by GAMS; and the XML/XSLT based table tool. Only a very small selection of data was available for mapping. The SVG interface now generate table as well, and the two approaches co-exist. The Java based approach is very fast in reading the data, the SVG offers more flexibility but is much slower when working on NUTS II data.
Overview on the XML/XLST/SVG/JavaScript based table/graph/mapping tool
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The technical structure of the table tool

There are four basic elements in the table tool: a XML file which defines the table layout, a CSS style sheets comprising most of the formatting information, a huge number of small XML-files with the data (one file for each region, year and scenario) and finally, a XSLT program comprising some JavaScript to generate dynamically HTML.

At the core of the table tool stands a XML-file which comprises the lists of tables along with their definitions. Basically, the definition of the table consists of two elements, only:

1. an explicit list of items (e.g. supply, demand, net trade), with their long texts, keys used for addressing, units and an explanatory text and links from specific items to other tables, and

2. a filter to select either from the rows (mainly input, outputs, income indicators) or columns (mainly production activities, market balance positions, prices) of the CAPRI data bases,

Further on, defaults for pivoting and graphic to use can be stored.

Defining the items used in a table

The following example shows the definition of a list of items used to generate a table. The definition is included in the <items> tags whose attribute “table” defines a name under which the list can be addressed.

Each item was up to six fields (see example below):

1. The <name> node which is the text shown to the user in the table (mandatory).

2. The <key> node which define the short cut to locate the item in the XML data files generated by GAMS (mandatory).

3. The <unit> node which defines a text shown next to the <name> in the table, typically used to define pysical units (optional).

4. The longtext> node which is loaded in the “title” attribute of the HTML table cell where <name> is shown, so it is shown on “mouse over”. It can be used to show the user a longer explanation belonging to the item (optional).

5. The <link> node which define a HTML href field to another list of items (optional).

6. The <arith> node which allows to calculate the current item from two other ones  based on multiplication or division.
 (optional)

Several tables may refer to the same block of items, to let the user select different pivots of the same block of items.

An example of block of items used in a table definition

<items table="Product Balances">

<item><name sel="all">Supply</name><key>GROF</key> <unit>1000 t</unit><longtext>quantity produced or used by the agricultural sector</longtext> <link>Supply details</link></item>

<item><name sel="all">Intervention stock change</name> <key>ISCH</key> <unit>1000 t</unit> <link>Feoga</link> </item>

<item><name sel="all">Net trade</name> <key>TRAD</key> <unit>1000 t</unit><longtext>exports minus imports</longtext> <link>Product balances market model</link></item>

<item><name sel="all">Demand</name> <key>DEMD</key> <unit>1000 t</unit> <link>Demand Balances</link> </item>

</items>

Defining a table

A table is the combination of a list of items, a default pivoting and graphic type, a filter and a definition if the filter is applied to columns or rows.

The following example will help to understand the concept. The <items> node will point to a block of items as shown above, whereas the <tablename> tag will be shown as one option in a scroll-down selection list from by which the user can select a table. The <tablename> will also be a possible target of <link> node in items definitions. They are the two mandatory field.

Table definition may comprise the nodes <products>,<regions>,<scenarios>,<activities>, <years> and <dim5s> to filter out only part of the elements in the these lists. If not, all elements from the lists will be selected which carry the “all” in the “sel” attribute.

Further on, a table may comprise a <defview> and <defchart> node to define the default pivoting and default graph, if the user has no chosen explicitly a specific view or chart type.

An example of a table definition

<table><items>Premium groups</items><tablename>Premium groups</tablename>

   <products sel="Prem" text="Premium scheme"/>

   <regions  sel="RS"/>

 </table>

Using the table tool

There are five basic interactive features in the table tool:

1. Selection of the table to view, either via drop-down single selection list or by using pre-defined links across tables,

2. Pivoting the view, i.e. changing the data dimension shown in the columns and rows of the table,

3. Adding comparisons between different scenarios and years to the tables.

4. Scrolling through the data dimension currently not mapped into the viewport, and

5. Making selection for the dimensions in the viewport.

As explained above, the tool uses an XML-file to define the different tables.

An example of a table shown in the table tool
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Navigation inside and between tables

Many of the table will start with a block of rows showing results for aggregates, and clicking of the names of an aggregate will let the table scroll to more dis-aggregated results. The results for the aggregates are repeated in top of the more detailed rows, and clicking on the aggregate name will jump back on top of the table. The table definition may comprise links from specific items to another table, in the example below, all items shown have such pre-defined links. Clicking on the number “total cost” will generate a table showing details of the costs in the example shown below. The link will be shown in the status line of the browser when the mouse is moved over it.
The use of the graphs is explained in more detail below.

Navigation inside the table and between tables
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Using the drop-down and selection lists

The first line of top-down selections
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The first drop down box lets the user select form the list of table defined in the underlying tabled definition file. The last box will determine if the table will show each value the percentage or absolute difference to a compare scenario and/or year, or show only percentage or absolute difference.
The “view” selection may be worth some explanations, as it used for pivoting. There are four dimensions in the viewport: rows, inner rows, columns, innercolumns, as shown below.
In the list of views, rows and columns are separated by a slash ‘/’, and rows from inner rows or columns from inner columns are separated by a comma. “Products/Scenarios, Items” thus means that the table will show the currently selected products in the rows, the currently selected scenarios in the columns of the table, and each column will be broken down to inner columns showing the items of the table. That pivot is shown in the example above. The so-called “default view for table” will choose the pivoting defined as appropriate for that table in the underlying table definition file. It should be mentioned that you may need to manually select all elements in a multiple selection boxes after you changed back from a view where only single selection was possible.

The dimensions in the view port
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The selection boxes for the different data dimensions
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There are two types of selections. In cases where a data dimension is currently not shown in any view port dimension – in the example above the regions -, there is a drop-down single selection list. Choosing a different element will generate a new table with the numbers for the selected element. The second type allows for multiple selections and is used for these data dimensions which are currently in the rows or columns of the tables. In order to apply a new selection, the “go” button needs to be pressed for that type of selection list. In the example above, you may use that feature to hide one of the scenarios to give an example.

Exporting to other programs

As the table is generated in HTML, its content may be exported via clipboard exchange from the browser to other applications. The MS Internet Explorer allows you to either use “select all” from a menu, or cell selection with the mouse, and a copy from there to the clipboard. To what extent a clipboard import will preserve the layout of the table depends in the application. MS EXCEL, to give an example, will import the tables quite nicely, whereas MS Word will not render them in a usable way. Importing into MS Word is hence best done via MS EXCEL.
Using the SVG graphics

Graphic types

The tool offers a few basic graphics types:

1. Charts where the vertical dimension shows numbers, with three sub-types:

a. Bar charts

b. Line charts

c. Point charts

2. Pie charts

3. Spider charts

4. Maps

Using the Adobe SVG viewer 3.0x and copying the graphic

For details, please refer to the help of the viewer. When right clicking on an empty space in the graphic, a menu will be shown which will offer a range of possibility, as zooming in and out. The most important feature to mention is the possibility to export the graphic to the clipboard, right click on an empty space in the graphic and select “copy SVG”. When importing into other programs, it may be necessary to explicitly request the bitmap from the clipboard when the program will show the SVG definitions as text (in MS word, e.g. use the “../insert ..” menu rather then the “insert” short cut). The bitmap will be rendered in screen resolution, if a higher resolution is necessary, a graphic program supporting SVG as vector graphic standard is necessary. It should be mentioned that the “Save SVG as ..” feature does not work as perhaps expected by the user, as not the content currently rendered, but only the content loaded from the underlying SVG-file will be saved. As almost all elements of the graphics are added to SVG via the underlying script, the feature is hence not useful to export the graphics. In order to export to file, you have to first to export to the clipboard, and from there into a text editor, as the editor available in the Windows.
We have tested successfully a freeware graphic tool named “Inscape” which is able to import the SVG generated by the exploitation tool. For there, the graphic may be e.g. exported as an encapsulated postscript file and embedded in a report so that it will be rendered in optimal resolution for the printer. Equally, the graphic program will allow manipulating the graphics generated, e.g. by changing text content and size, changing colors and moving the elements around.

Relation between the dimensions of the tables and the graphics, notes on using the different graphic types

All graphic types besides maps use automatic scaled axes, and the user has no chance to change that scaling. The reasoning is the fact that office package can directly import from the table tool and offer at least the graphical possibilities described below, for any user specific layout or scaling, there are ample features available.

The situation with maps is somewhat different: to find a suitable set of co-ordinates for the current regional break-down of CAPRI can be demanding, and mapping programs are not so widespread. Therefore, the maps offer some more formatting option, especially, they allow to change the classes manually. For details, see below.

Bar charts

For bar charts, each inner row receives its own row of bars with its own vertical axis. All columns and inner columns in one row are shown on the same vertical axis with identical scaling. Bars are blocked by columns, each inner column has the same color.

The name of inner columns are shown on the left hand of the bars next to the rectangles drawn in the same color as the bars related to the column. If there is enough room below the bars, the name of the inner columns are repeated there.

The bars shown in the same colors may be highlighted by moving the mouse over the related legend (e.g. the blue rectangle belonging to supply in the graph below), which will on top let the user see the numbers belonging to the bars. Similarly, moving the mouse over the column heading (e.g. “MTR standard” graph below) will highlight the bars in that columns.

Clicking on the legend rectangle will delete the related bars, clicking on the column heading will delete the column. Clicking on the description of the dimension on top of the legend rectangle will highlight all bars and show all numbers, whereas clicking on a bar will highlight all bars with the same color and show the numbers. The different options are shown with the call-outs in the example below as well.

An example of a bar chart generated by the table tool




Spider charts

For spider chart, each inner column is shown on its own axis, and the numbers per column are connected with each other. The legend shows the columns, moving the mouse over the legend rectangle will highlight the polygon for that column and show the number for it. Moving the mouse over the label at the end of the axis (e.g. supply or yield in the example shown below) will highlight that axis and show the values on it.

Clicking on the label will again work as a delete: an axis may be deleted from the spider by clicking on the label on its end, a polygon deleted by clicking on the related legend rectangle.

To render the highlight permanent so that it is present when exported to the clipboard, either click on one or several of the polygons, or on the label on top of the legend rectangle to highlight all polygons.

If inner rows are present, they will generate several rows of spider charts.

An example of a spider chart generated by the table tool

Pie charts

Inner columns will define the size of the slices and shown in the legend rectangle. Each column will generate a column of pies, each inner row a row of pies. For each row, the radius of the pie in each column reflects the sum of the numbers drawn as slices.

Highlighting and deletion works as in the cases described above: moving the mouse over the legend rectangle will highlight the related slices and show the related numbers. A mouse over event for the columns will highlight all pies in that column. Clicking on a legend rectangle will remove that inner column and thus the related slices from the graph. That may be interesting when graphing imports and exports which include domestic sales which typically account for a large share of total sales or use. A click on the column header will remove the pies in that column.

An example of a pie chart generated by the table tool
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Point and line charts

Point and line charts will plot all numbers in one vertical axis, whereas other graph type will generate different vertical axis scaling for each inner row. The legend rectangles will relate to inner rows, which are drawn in one color.

Deletion and highlighting work similar to the other graphic types. Moving the mouse over a legend rectangle will highlight the related points, and show the numbers. Numbers and plot symbols for each inner column may be highlighted by moving the mouse over the labels on the horizontal axis, an analogue functionality is offered for columns.

An inner row may be deleted by clicking on the legend rectangle, a column deleted by clicking on the label on top of the column.

An example of a line chart generated by the table tool
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Maps in the table tool

The maps are loaded in SVG via paths defined in the underlying SVG document. Whereas loading maps for Member States or a global map for the regions of the market module works fine (loading time may take several seconds), generating maps at NUTS II level is very slow, as all single XML files need to be read by the XML parser. Compared to the mapping tool, there are however several advantages:
1. Several maps using the same coloring may be generated, e.g. to compare several scenarios.

2. The coloring of the map is based on classes with numerical limits, which can be changed interactively by the user.

3. Maps may be drawn in gray or blue scale as well, not only in colors for green to red. On top, the shading or coloring may be reverted, so that small numbers are shown in dark or reds colors.

4. Maps may be exported via a graphic program in an encapsulated postscript file and thus rendered optimally for the printer, not just in screen resolution.

Manually changing the class limits

Working on the classes
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On load, the tool will try to find nice equal distant class limits and define from there a suitable minimal and maximal value so that they cover the spread of the current values. However, the user can change these classes in several ways:

1. Clicking on the left most class rectangle will delete the lowest class. More points will fall in the lowest class. That process may be repeated to reduce the overall number of classes.

2. The lower limits may be reduced by clicking on the second class rectangle from the left, so that a new class is added at the lower end. That process may be repeated to create a suitable number of classes.
3. Clicking on the right most class rectangle will delete the highest class. More points will fall in the highest class.

4. Clicking in the second rectangle from the right will add a new class at the upper end of the scale.

5. Drag and drop individual class limits by operating on the numbers below the legend rectangles.

The stack of rectangle below each map shows the distribution of the regions over the map classes. Moving the mouse over the rectangle will show the numbers. Clicking on the rectangle will remove the stack of rectangles.

Distributional information in the mapping tool
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The small circles on top of the legend show the current distribution of regions over the scale and may help to find an appropriate scaling. The circles may be removed when done by clicking on one of them. Moving the mouse of the circle will highlight the related region and show the name and numerical value for that region 

An example of maps generated by the table tool
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� Currently, the license free SVG-viewer of Adobe is proposed to user to be installed as a browser add-on. Unfortunately, the current MS office package until 2004 did not allow importing SVG as a vector graphic. Fortunately, the Adobe SVG-viewer puts the graphics after a copy operation as well as a bitmap in the clipboard, so that is can be imported into presentations or documents directly.


� That feature is in the beta stage and not documented in here.


� For an intermediate period, the SVG maps will co-exist with the Java based mapping tool in CAPRI for which a separate user guide is available.
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