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GRAPHEUR: TAKE THE PLUNGE INTO REACTIVE 

BUSINESS INTELLIGENCE 

 

Until recently, the job of analyzing data to produce useful business intelligence has been 
complex, slow and tedious. You had to rely on IT services to obtain data in the way you needed 
for your decisions and the analysis took time and patience and produce d stress.  

Not anymore with Grapheur: import your data and navigate at the speed of light. The tool 
disappears, your preferences and insight come into the spotlight.  

Grapheur takes data that is organized by rows and columns , visualizes them in a variety 
of ways, and helps you to  discovers patterns and similarities, to find causes and 
explanations .  

You can use clustering to identify a set of prototypes from within the larger data set: this 
helps you avoid being confused by too many similar options and conc entrate on the 
alternatives that are relevant.  

You can navigate in the solution space to identify interesting patterns and promising 
alternatives, focus on the most interesting parts of the data space, and build a mental map 
of the possibilities.  

This manual is intended for business users and decision makers; it focuses on how to use the 
software in the most productive and effective way to solve your problems .  

If you are interested in a wider knowledge, including mathematical basis, you may consider 
reading our book òReactive Business Intelligence : From Data to Models to Insight ó 
mentioned in the Bibliography  at the end.  

FIGURE 1: GRAPHEUR'S WELCOME SCREEN 
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GETTING STARTED: HELLO GRAPHEUR! 

 

The fastest way to learn Grapheur is to try the software directly on your data. All you have to do 

is to organize  your chosen data  in rows and columns , like the following example:  

NAME Column1 Column2 Column3 Column4 Column5 

Row1 23 32 22 12 41 

Row2 87 5 11 42 22 

Row3 64 56 19 89 13 

Row4 37 32 91 21 24 

 

 

The meaning of the rows and columns is related to your business and your usage, but if you 

prefer a concrete example, letõs consider a decision problem related to buying a  house. The 

columns identify house characteristics, while each row represents a single specific house.  

NAME Price (Euros) Size (square 

meters) 

Distance from 

city center 

(kilometers)  

Availability of 

garage 

Number of 

rooms 

House1 23000 90 4 0 2 

House2 87000 150 2 1 5 

House3 64000 123 7 1 4 
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Another example is related to marketing. In this case, columns are products and rows collect 

information about individual customers: if they bought the product or not, or how they like each 

product. Imagine a hotel manager asking potential  customers to rank their  room preferences on 

a scale from 0 to 5 (0 meaning òvery bad choiceó and 5 meaning òpreferred choiceó). A 

preference table may look like the following:  

NAME Single room Double room basic Double room with 

view 

Family room 

John Doe 5 2 1 0 

Jack Smith 0 0 0 5 

Paul Mess 0 3 5 3 

 

File Format  

Once you have selected the data  to use with Grapheur, you must save them  in the CSV 

format.  CSV stands for  òcomma separated valuesó and a CSV file contains  one row per line  

where individual cells are separated by commas. The first row usually contains column names; 

the following rows contain data of different types . The row names ð if existent ð are used as 

labels identify ing the various rows , so that they can be easily iden tified in the various displays .  

 

For instance, from the last example above, you can produce a mydata.cvs file containing the 

following content:  

NAME, Price, Size, Distance from city center, Availability of garage, Number of rooms 

House1, 23000, 90,  4,  0,  2 

House2, 87000, 150,  5,  1,  5 

House3, 64000, 123,  7,  1,  4 

 

NOTE: spaces can be added at will to improve human readability.  

Data in Microsoft Excel spreadsheets can be exported from Excel by choosing to save a file in 

CSV format.  

If the amount of data is very large you want to avoid converting it into CSV by hand and instead 

to use automated filters.  Contact our customer service department at info@grapheur.com or 

consider our free Doubting Thomas service for details  about data conversions. 

You are now ready for your first exercise:  Go ahead, start  Grapheur  and open the mydata.cvs 

file  that you just created . 

file:///D:/LocutusOfTrek/Documenti/Lavoro/Reactive%20Search/Manuale/info@grapheur.com
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When you start Grapheur , the first screen you will encounter is the welcome screen . This 

screen shows the latest Grapheur -related news (4. news feed) directly from our company 

website, such as program updates, latest offers and client services (such as Doub ting Thomas), 

examples and tutorials about our software. You can also open a new CSV file (1. open), load the 

default sample file (2. sample), or activate  your license (3. l icense:  l icense data are only 

displayed to insert the activation key needed to transform a  trial vers ions into the version that 

you just bought ).  

 

When you are ready, click the open button  and select your file: the data format s will be 

analyzed by Grapheur  and the program will ask you to check and suggest any format changes if 

necessary, see the following chapter .  

  

1: Open  

2: Sample 

3: License  

4: News       

Feed 

FIGURE 2: GRAPHEUR'S WELCOME SCREEN 
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FIGURE 3: GRAPHEUR'S FILE CONTENTS AND FORMAT IMPORT VIEW 

1: Original  

file  

2: Data grid  

3: Data 

type 

selector  

DATA OF ALL KINDS 

 

The meaning associated to the content of the columns can be very different. They can contain 

numbers, names or categories, dates or geographical coordinates. 

 

As you can see in FIGURE 3, Grapheur discerns the type of da ta automatically even i f the values  

present different format s: for example, you could have dates inserted in the Ameri can or in the 

European format.  

 

 

 

Grapheur proposes the best type for each  column, but you are also allowed to select different 

types, assumed that they are compatible with the contained data. For example, integer numbers 

can be used as numerical values or as categories (names), this is the case if they represent 

customer identifiers, something that you may know but the computer doesnõt know. 
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In the category selector  area (top -right in  the import window) you can select which column you 

want to edit from the dropdown menu column, take a look at the values contained in it and 

then, if Grapheur missed the right type, choose the desired one for the  specified column . 

  

FIGURE 4: SELECTION OF TYPE IN GRAPHEURõS CATEGORY SELECTOR 



                                    P a g e  | 10 

© 2010-2011 Reactive Search Srl - All rights reserved  

INTERACTIVE VISUALIZATION 

 

Choosing and formatting the data you want to analyze is a tedious but a necessary step before 

you are ready to get some real work done.  

Be sure to supply Grapheur with plenty  of data : it is difficult to extract meaningful 

relationship s with a small number of  cases (a small number of rows in your data matrix ). 

Grapheur is speedy and interactive : after our initial tour , you will easily master many 

techniques and quickly identify the ones that are best suite d to your needs.  

This manual explores all features  going from the simplest to the more complex ones , but you 

may want to jump dire ctly to the appropriate section if you already know the type of data 

visualization you need.  
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USER INTERFACE 

 
To continue the tour we suggest that you start Grapheur  and click on the Load sample file  

button on the start page. You will be presented with the following interface . 

 

The sample file currently contains a limited set of  data but you can download more complex 

real-world  use cases from a variety of application domains from  our web site  Grapheur.com. 

 

The key elements of the UI are as follows :  

File  (1) :  to open and save. 

View  (2) :  to decide how many panels you want on the right (one or two), or to open the 

navigation panel.  

Plots (3) :  to save your analysis as images, to be embedded in external presentations.  

Neural networ ks (4): to train a neural network model or to load a previously saved neural 

network  (refer to the neural network training chapte r for more information).  

Data visualization type  (5):  to choose the analysis method, the most important choice.  

  

FIGURE 5: GRAPHEURõS MAIN INTERFACE 

1: File  2: View  

3: Plots 

5: Data 

visualization  

6: Data 

selection  

7: Global 

Aspects 

8: Navigation  

11: Upper 

view  

12: Lower 

view  

9: 7D Plot  

10: Sweep  

4: Neural 

networks  

http://www.grapheur.com/info/cases/
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Data selection  (6) :  to select the appropriate columns in your data matrix (the choices available 

will change according to the visualization type chosen).  

Global aspect  (7):  to choose the color and the size of the data points  of a given column: t he 

different colors and sizes will be visible in the various visualizations . I f you want to set the focus 

of your attention on specific  information (in our sample file you could stick your inter est on the 

price of the car), the data in the visualization will be colored depending on the information (the 

price in our case).  

Navigation  (8):  to choose the clustering technique and start navigati ng the visualization  in two 

or three dimensions (refer to the Bottom -up (agglomerative) clustering  for more information).  

7D Plot ( 9):  to select the options and start the 7D Plot visualization (refer to the 7D plot 

chapter  for more information).  

Sweep (10):  to select the column to sweep and to look at the visualizations as they change 

according to different values of the specified column  (refer to the sweep chapter  for more 

information).  

Upper and lower view ( 11-12):  Grapheur allows you to see two visualizations of the same data 

simultaneously in two vertically stacked panel s. You can export and save the graphs and 

visualizations generated to view them again later or to embed them in a presentation.  

  

FIGURE 6: GRAPHEURõS òABOUTó SCREEN 
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In general, the right click of the mouse can be used to get additional information about 

the item below the pointer.  

To export an image  of the visualization you desire, just select the panel you want to save,  

then right -click and select Save as imageé, or open the Graphs menu and select the same 

command. 

FIGURE 7: GRAPHEUR'S EXPORTED IMAGES 

FIGURE 8: IMAGES CREATED BY GRAPHEUR'S IMAGE EXPORTING TOOL 
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DATA GRID 

 

The data grid  visualization is intended to view the original data  in a matrix form  as a set of 

labeled columns and rows of data. It can be used to verify that the data has been loaded 

correctly.  

Just click on the drop -down menu data visualization type  and select data grid . Make sure that 

the corresponding panel to the right is selected. You can select a panel by clicking on it. Once 

selected, a red border  appears around the panel.  

 

If the data selection  tab is clicked, you can select/deselect individual c olumns for the 

subsequent analysis. This feature can be useful if some column is irrelevant for your analysis.  

In the houses example, if you donõt care about garage availability in your search for a house, 

just deselect the corresponding column  and it will  not be used in further analysis.  

Note that data in one of the columns will color-coded: the values contained in the column are 

represented on a color scale. You can click on the global aspect tab to choose the column whose 

data will be used  for color -coding. 

Data rows can be ordered in ascending or descending order for each column coordinate, just 

click on the column label in the right panel. This is a simple way to get a quick overview of the  

data ranges (maximum and minimum values), as well as to look at  examples of relevant rows.  

FIGURE 9: GRAPHEUR'S DATA GRID VISUALIZATION 
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BAR CHART 

 

A bar chart  consists of rectangular bars with lengths proportional to  the values that they 

represent. The bars can be plotted horizontally or vertically  (as in FIGURE 10), and colors can be 

used to associate additional information with each bar.  

Each bar is characterized by a label and a length . Itõs possible to associate discrete/categorical 

labels on the X axis, and numerical/continuous values on the Y ax is (the length of the bars).  

For example,  a bar chart  can be used for plotting the height of different people, where each 

person name is a label on the X ax is and his height is represented by the length of the 

correspondent bar.  

 

 

To create a bar chart s elect the visualization t ype bar, then choose the val ues or the labels to 

be shown on the X axis (the countries in FIGURE 10) and associate them with a continuous 

variable on the Y ax is (the per capita product ).  

In order for the bars to be clearly visible, their number has to be lim ited to one or two dozen at 

most. In Grapheur, you can use the The active  selectors to filter  a subset of items to be shown.  

In addition to the values shown on the X and Y axis, a thi rd dimension (in our example, the year) 

can be illustrated through different colors : just select the desired variable in the global aspect 

tab. 

Note that ,  if the labels are numeric, or can be immediately assigned  to numbers like dates, and 

there is  a relationship to be illustrated between X and Y values, line charts  connecting the 

points are usually  better  (see the Line chart  chapter ).  

FIGURE 10: GRAPHEURõS BAR CHART 
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PIE CHART 

 

A pie chart , which is only one of many different flavors of the area charts family, is a plot where 

a circular shape, recalling a cake, define s an area where the values are associated with its 

slices, possibly colored.  

Pie charts are widely used in the business world and in the mass media, but they are actually  

cri ticized because comparing different slices can be difficult , in part icular if slices are thin . 

However, they are  useful to show a limited number of percentages  (for example in showing the 

market share of a small number of  competing brands).  

 

 

To create a pie chart , select the pie visualization type: now you are ready to choose the 

variable to be associated with the slices of the cake (the names of the cars in FIGURE 11) and 

the one associated with the area of the pie slices (the price) . 

In our example,  one easily spots the most expensive cars. 

As for the Bar chart , one can associate a third value with  the color of the slices  in the global 

aspect tab, and choose a subset of items to be shown by using the The active  selectors in the 

Parallel coordinate  visualization.  

FIGURE 11: GRAPHEURõS PIE CHART 
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PARALLEL COORDINATES 

 

Now select the visualization type parallel coordinates  and make sure that the corresponding 

panel to the right is selected .  

 

In the parallel coordinates  visualization , the different columns are represented by equally 

spaced parallel vertical lines. Each row in the data matrix is represented by a polyline that 

intersect s the vertical  line at the specific column values for that row . Each line is color coded 

according to the ce ll value in the  column that was chosen for color -coding using the global 

aspect panel.  

FIGURE 12: GRAPHEUR'S PARALLEL COORDINATES VISUALIZATION 
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THE ACTIVE SELECTORS 

 

The visualization  in Grapheur is interactive : by clicking on the active selector  of each column in 

the parallel coordinates visualization you can filter your data by choosing the upper and 

lower  bound s for each individual column. Only rows where all column values lie within the  

bounds selected, if any, will be shown. Rows where any column value lies outside the bounds 

selected for that particular co lumn, will be excluded.  In addition to the filtering, moving the 

selector and reading the value  displayed is also a way to read the precise values along the 

vertical axes.  

If you are using the sample test file you may obtain something like the following ( FIGURE 13): 

note the two active selectors  indicated by the red arrows and also how the filter is 

simultaneously mirrored in the bottom panel that displays  a histogram of the same data.  

 

For categorical types of data (for example the yes or no options for four -wheel drive), clicking 

on a specific value will activate de -activate the correspond ing rows. 

For example, in FIGURE 13 by clicking on yes, the selector becomes red, meaning that rows with 

a value of yes for four -wheel drive will not be considered: you are analyzing only cars with two -

wheel drive.  

  

FIGURE 13: GRAPHEUR'S ACTIVE SELECTORS IN USE 
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RADAR CHART 

 

According to your personal aesthetic preferences, you may want to visualize your data by using a 

radar chart , where the axes or the parallel coordinates are join ed together at their origin  like a 

bunch of flowers: s tarting from the same point  and spreading out in a circular fashion  in 

different directions . 

Because of many other circular shapes in nature, this chart is also  known as web chart, spide r 

chart, star chart, cobweb chart, star plot, irregular polygon, polar chart, etc.  

The radar chart  is very popular and commonly used also for mundane tasks like selecting main 

characters in role -playing games. 

 
 
 

 
 
Select the radar visualization type and choose the variable s (the spreading axes) you want to be 
shown on the chart.  
 
It is always possible to associated colors to a single variable in the global aspect tab.  
  

FIGURE 14: GRAPHEURõS RADAR CHART 
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HISTOGRAM 

 

A histogram displays tabulated frequencies, shown as bars. It shows the proportion of cases  

(rows) that  fall in each category. The categories are automatically selected intervals  of the 

coordinates corresponding to the columns.  

In FIGURE 15, one can observe how the different values are distributed, for the chosen columns. 

This is valid both for numerical and for categorical types of data.  

 

 

As always, the histogram  view can be selected from the data visualization type  drop-down 

menu and be displayed in the desired panel.  

In the data selection  tab, you can select a subset of coordinates, and increase or reduce the 

number of bins  in the histogram,  by selecting the option at the bottom of the tab ( FIGURE 15). 

This is useful if you want to have a more detailed or a more aggregated view. 

If you combine a histogram with a parallel coordinates visualization, The active selectors  can 

again be used to filter data  along each coordinate corresponding to the data columns, and this 

is reflected immediately in the displayed histogram, see FIGURE 13. 

 

FIGURE 15: GRAPHEUR'S HISTOGRAM VISUALIZATION: CHANGING THE NUMBER OF BINS 
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BUBBLE CHART 

 

In a colored bubble chart  the data are displayed as a collection of bubbles, each linking the 

value of the cell in a first selected  column to the position of the points on the X (horizontal) axis 

and the value of the same cell in a second column to the position on the Y (vertical) axis.  The 

color and the size of the  bubble can be used to display the values of two additional columns  

 

The columns associated with  the X and Y axes can be chosen by using the data selection  tab on 

the left. As shown in FIGURE 16, you can also select the single panel view to have a more  

detailed view  (by clicking on View->Two panels).  

A colored bubble chart  can highlight  various kinds of relations hips between  data contained in 

different columns (different dimensions).   

For example, clusters can be visually identified as in figure  above and linear or nonlinear 

relationships between data points can be identified . Even the lack of any structure in the data 

can be identified if the data looks like an unstructured cloud.   

Identifying significant relationships in the data requires considerable trial -and-error , particularly  

in the case of data with many dimensions (data columns ). Grapheur makes this effortless as you 

can change the X and Y coordinates at the click of a button or  even better, you can use the 

Trellis scatterplot  tool described in the next chapter.  

FIGURE 16: GRAPHEUR'S COLORED BUBBLE CHART 
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TRELLIS SCATTERPLOT 

 

A colored scatterplot is a simple form of the colored bubble chart described before, where only 

single colored dots are shown. A t rellis scatterplot  is an organized display of many colored 

scatterplots, for different X and Y coordinates, in the same plot.  

 

You can visualize all the possible scatterplots  at the same time . You can also choose a subset, by 

selecting the subset of columns as coordinates to associate to the X and Y axes in the data 

selection  tab.  

Note that, as shown in FIGURE 17, scatterplots along the diagonal show the data points plotted 

in a straight line , as these plot the same variable against itself .  

After you identify promising scatterplots in the trellis, you can enlarge them by simply clicking 

on them. 

  

FIGURE 17: GRAPHEUR'S TRELLIS SCATTERPLOT 
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SWEEPING THROUGH DATA 

 

Imagine that you want to see the evolution of a process in time, for example to discover how a 

situation changed during the last ten years . Now you can do it with the  sweep tab integrated in 

Grapheur. 

Just select the data column you want to sweep and then click the play icon to generate a movie 

showing how your visualization changes for different values of the chosen column. Time is an 

example;  you can of course sweep through any categorical or time column in your data.  

 

 

The new sweep tool  works as follows:  

1. Select your visualizations as usual (for example a histogram and a bubble -chart, or a 

parallel coordinate display, etc.);  

2. Click on the  sweep tab on the left of the Grapheur window;   

3. Choose your variable to guide the sweep (this is the variable that will change during the 

sweep progress, for example the time , but not only that);  

4. Move the slider or  click the play button to start the sweep. All  visualization active in your 

window will be swept in complete synchronization. For example you can see how a 

histogram and a bubble chart of the same data change as a function of time, or as a 

function of the selected sweep variable.  

  

FIGURE 18: GRAPHEURõS SWEEP TOOL 
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7D PLOT 

 

The 7D Plot enhances the basic bubble chart  visualization with u p to seven different values to be 

selected for a clearer understanding of your data : 

¶ X coordinate; 

¶ Y coordinate; 

¶ Z coordinate; 

¶ Shape (different shapes are associated to different ranges of coordinate s); 

¶ Color; 

¶ Size; 

¶ Blinking: a variable threshold can be selected . The data points with coordinates above 
the selected threshold will blink . 

 
After the three X,Y, and Z coordinates are selected, the d ata items are displayed with in a 
reference frame consisting of  three perpendicular axes . 
 
The automated r otation feature, that can be turned on or off just by pressing A on the 

keyboard, is activated  by default, providing a more intuitive 3D vi ew of the data.  You can 

change the point of view by clicking and dragging the mouse pointer, or by using the navigation 

buttons on the right.   

FIGURE 19: GRAPHEUR'S 7D PLOT 
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TOP-DOWN (DIVISIVE) CLUSTERING: K-MEANS 

 

In the Trellis scatterplot  visualization type all the data points are shown. In some cases, when 

the amount of data grows, cognitive overload  may result . The number of data points chosen 

for analysis can be reduced by using The active selectors  to restrict the range of valid data 

values. This is not always the best choice, as in this case we are filtering data based  on 

individual coordinates, while a global picture may be preferable . 

An automated reduction in the number of points can be obtained through (automated) clustering 

methods. 

Clustering means collecting similar cases together in an intelligent and data -drive n 

manner, so that the decision makerõs attention can be concentrated on a small but relevant set 

of prototypes . These prototypes summarize the information  contained in the subset of cases 

which are clustered around the prototype .  

Clustering is related to the very human activity of collecting similar things together, abstracting  

them and giving names to the classes of objects. Think about categorizing men and women, a 

task we perform  with a high degree of confidence in spite of significant  individual variation . 

There are many algorithms that can be used for  clustering and the appropriate one is typically 

related to the structure of the data. One of the simplest class of clustering algorithms, 

divisive algorithms ,  begin with the whole  set and proceed to divide it into successively smaller 

clusters. One simple method is to decide the number of clusters k at the start and subdivide the 

data set into k subsets . If the results are not satisfactory, one can repeat using a different k 

value.  

In statistics and machine learning, k-means clustering  is a method of cluster analysis which 

aims to partition the observations into k clusters in which each observation belongs to the 

cluster with the nearest mean. 

The method works as follows:  

1. Choose the number of clusters, k.  

2. Randomly generate k clusters and determine the cluster centers, or directly 

generate k random points as cluster centers ( the initial center positions are 

chosen randomly from the original data points in Grapheur ) 

3. Assign each point t o the nearest cluster center  

4. Recompute the new cluster centers  by averaging the points assigned in step 3.  

5. Repeat steps 3 and 4 until some convergence criterion is met: usually when the 

last assignment hasn't changed, or a maximum number of iterations has been 

executed.  

The main advantages of this algorithm are its simplicity and speed which allow it to run on large 

datasets. 
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K-means clustering is activated in Grapheur  by selecting the scatterplot/k -means clustering 

visualizatio n type, and by clicking on the s how clusters  option in the bottom left part  of the tab, 

where also the number of clusters k can be chosen.  

 

 

The k-means results can then be seen on the scatterplot display. The k cluster prototypes are 

marked with large gray circles .  When a prototype  is clicked , the data points associated with  

it are highlighted. They are the data points for which the given prototype is the closest one 

among the k prototypes, the distance being measured as the standard Euclidean distance using 

coordinates normalized w.r.t. to the maximum and minimum along each dimension.  

Note that this is not  the distance between points on the specific bubble chart , where o nly two 

coordinates are used: all the coordinates are used to calculate the distance so that a global 

(holistic) view of the data is obtained.  

FIGURE 20: GRAPHEUR'S K-MEANS SCATTERPLOT 
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FITTING BY POLYNOMIALS 

 

Best fits with a polynomial are a traditional way to analyze Y values as a function of X values. 

One searches for the polynomial of a suitable degree that best describes the data distribution.  

 

In Grapheur , just click on show fit  in the bottom part of the data selection  tab, under 

polynomial fit .  

The coefficients of the polynomial are calculated  by minimizing the sum of the squared errors 

between values predicted by  the polynomial and the actual  Y values. The polynomial fit is shown 

as a red line in the bubble chart . 

By visually comparing the red line and the data points one can sometimes identify interesting 

relationships. When the data appears like a cloud of points in the bubble chart , fitting a 

polynomial is not very useful.  

FIGURE 21: GRAPHEURõS POLYNOMIAL FIT 
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SELF-ORGANIZING MAP 

 

If you have read this far,  you are now familiar with the most basic methods of visualizing data, 

including a basic clustering technique (k -means). 

Although simple, do not underestimate the effectiveness of the previous ly described techniques, 

particularly when coupled with  the most powerful visualization tool:  your eyes.   

Provided that you start with relevant and abundant data, our suggestion is to always start with 

the most basic visualizations, understand the ranges and distributions of data along the different 

dimensions and filter the most relevant options for subsequent analysis.  

But after reaching the limits of what can be accomplished by eyeballing the data i t  becomes 

necessary to look at automated ways of discovering interesting relationships . 

The first too ls we present are related to unsupervised machine learning  mechanisms. They 

are called unsupervised because they do not need a teacher or supervisor to label a set of 

training examples  or provide feedback as to how well the learning is going . Only the orig inal 

data is required to start the analysis.  

If your data ha s complex relationships simple visualization techniques may fail to identify 

relationships. An obvious limitation of our eyes is that we are limited to two or three 

dimensions. And even three dim ensions require some sophistication, like stereoscopic vision or 

rotating displays ; in practice most visualizations are by nature limited to two dimensions , 

corresponding to the two -dimensional nature of our retina.  

The following  example should illustrate this point.  Assume that rows represent speakers of 

different languages, and columns are related to audio measurements of their spoken language 

(such as frequencies, amplitudes, etc.). It may be the case that no apparent structure is 

discovered by considering bubble chart s along any two dimensions. Nonetheless, most people 

can readily identify clusters  of different language speakers based on the audible characteristics 

of the language. We may for example easily distinguish French speakers from Swahili speakers, 

even if we cannot name the language being spoken. 

This human capability of grouping , clustering , identifying structure and distinguish it from 

randomness  is in fact at the basis of our human nature. Even the fact of naming things is 

related to distinguishing classes of objects, event, etc. from other classes.  

Coming back to our tools, the idea is to cluster  data (data rows) while at the same time 

visualizing  this clustered structure on a two -dimensional map. We want a visualization th at is 

at least approximately  coherent  with the clustering .   

Let each cluster be associated with  a representative vector, a prototype  vector to identify a 

cluster of similar entities.  

In the field of  marketing, it is usual to identify different customer types, and describe them 

through prototypes (òwealthy single individualó, òmiddle-class worker with familyó, etc.). A 

prototype will have the same number of dimensions as our entities (the same number of 

columns) and each component of the vector will describe a representative value for the given 

cluster, for example a value related to the average of the entities described by the cluster.  



                                    P a g e  | 29 

© 2010-2011 Reactive Search Srl - All rights reserved  

A coherent visualization demands that similar prototypes are plac ed in nearby positions  in 

the 2D visualization. Of course, for high-dimensional problems (problems with more than two 

columns), no exact solution is available and one aims to arrive at  approximations which are 

sufficient for us to reason about the data .  

A self -organizing map (SOM) is a type of artificial neural network that is trained using 

unsupervised learning to produce a two -dimensional representation of the training samples (the 

rows of our data matrix), called a map. The model was introduced as an art ificial neural 

network by Professor Teuvo Kohonen, and is also called a Kohonen map.  

A self-organizing map consists of components nodes or neurons. Our arrangement of nodes is a 

regular spacing in a hexagonal grid. Associated with each node is a prototype  vector of the 

same dimension as the input data vectors and a position  in the map space.  

The analogy is again with our neural system: the neurons are organized according to a physical 

network of connections in the brain, in practice two or three -dimensional, some neurons are 

tuned by evolution and training to fire electric al signals for particular events. For example, a 

neuron may fire when your mother enters your visual field. The prototype  is in this case given 

by visual features corresponding to your mo ther, the position  is the physical position in the 

brain; see the following image (derived from Wikipedia commons).  

FIGURE 22: HUMAN SYNAPSE (WIKIPEDIA COMMONS) 
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Another principle of our neural systems is that, in many cases,  neurons that are neighbors tend 

to fire for similar input data (a neighbor of the neuron firing for your mother presence may be 

close to one firing for an old photo of your mother ð do not take the analogy too literally of 

course). 

After training, the self -organizing map describes a mapping from a higher dimensional input 

space to a two dimensional map space . Each cell in two dimensions corresponds to a neuron 

and contains a prototype row (a prototype vector).  A generic data point (a row in the matrix) is 

then mapped or associated to the neuron with the prototype vector  which is nearest  to the 

vector describing the data point .  

During training, one can start from a random initial configuration of the prototype vectors and 

then iterate by presenting and mapp ing randomly selected cases. The winning  neuron is 

identified (the one with the prototype closest to the vector describing the current case), and the 

winning prototype is changed to make it more similar to the one of the current case. In addition, 

the prot otypes of nearby vectors are also changed in a similar manner, although by smaller and 

smaller amounts as the distance in the grid increases.  

 

 

In the Grapheur visualization, the color can represent the value of the data point in one 

dimension and the size of each hexagon can represent the value in another  dimension. 

Prototype vectors can be visualized by placing the cursor above the corresponding cell: the 

vector values are presented in the tooltip.  

FIGURE 23: GRAPHEUR'S SELF-ORGANISING MAP 
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It is possible to devise i nteresting new analysis techniques by combining the SOM map with a 

Bubble chart  display, as illustrated  in FIGURE 24.  

 

 

 

When the mouse pointer is moved over the SOM cells, the position of the prototype vector 

associated to each cell is shown in the Bubble chart . In this manner relevant places in the 

original plot can be identified for a further analysis. 

FIGURE 24: GRAPHEUR'S SOM WITH SCATTERPLOT DISPLAY 
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LINE CHART 

 

In some cases, columns contain data that must be compared  and linked, for example time 

series. In the following example, average marks for different discipli nes are reported  for  

different years:  

Year Math Geography History 

2003 25.4 22.2 24.3 

2004 23.3 23.2 24.7 

2005 24.5 20.1 25.1 

2006 25.6 19.4 25.9 

 

To emphasize time dependence and to compare the different series of data, a line chart  can be 

of help.  Its use makes possible to relate a n X data column (the time period, for example)  to 

multiple Y columns. 

FIGURE 25: GRAPHEURõS LINE CHARTS 
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Line colors and axis scales are set by the program in order to maximize the distinctio n between 

the data series and the occupation of the graph.  The following choices are available in the 

global aspect tab: 

¶ Colors:  different Y series  can be identified by different colors (use colors), by different 
shades of grey (grayscale) or all black ( black and white );  

¶ Lines:  lines can be continuous (solid), or distinguished by different kinds of dashing 
(dashed), or invisible ( none);  

¶ Data points :  they can be shown (show) or not;  

¶ Type:  the type of chart can be normal  (lines show the variation of a coordi nate) or 
stacked (Y columns account for the difference between two consecutive lines);  

¶ Line width :  the thickness of data lines;  

¶ Y axis label :  while the X axis label is determined by the X column title, the Y label can 
be entered by the user because many different Y columns are selected (the individual 
names of the Y columns appear in the key ).  

 

The figures below describe possible combination s of choices applied to the same data series.  

 

  

FIGURE 26: GRAPHEURõS LINE CHARTS, ASPECT SETTINGS 
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BOTTOM-UP (AGGLOMERATIVE) CLUSTERING 

 

As mentioned, clustering  is a basic tool to reduce the information overload caused by too many 

cases to consider. Similar cases are grouped together, and then one prototype  per group can be 

considered when reasoning about the different possibilities.  

 

 

The effectiveness of clustering depends on the similarity metric  and on the clustering method.  

The similarity metric is strongly problem -dependent.  

For example, the traditional Euclidean metric  (square root of the sum of squared differences 

among corresponding coordinates) is in some cases appropriate when the different coordinates 

have a similar range and a comparable level of significance, but not if different units of 

measures are used.  If you are a policeman and want to compare faces, measuring eyes 

distance in millimeters and mouth -nose distance in kilometers will make the Euclidean metric 

almost meaningless. Similarly, if some column in the houses example contains the house color 

given as red, green, and blue components, do not expect that color differences will be 

significant when clustering houses for business purposes. Instead, the same columns can be 

extremely significant when clustering paintings of houses by different artists. So the metric is 

problem-specific.  

  

FIGURE 27: GRAPHEUR'S SELECTION OF COORDINATES 
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SETTING UP NAVIGATION MODE 

 

With this caveat in mind, let us  proceed with the 

Euclidean distance and assume for now that the derived 

similarities are suitable  for this metric . A simple 

modification to the metric would be to  select only the  

relevant subset of the coordinates: the Euclidean 

distance will only be calculated using the selected 

coordinates (in the example, this is a way to eliminate 

the house color if you are interested in the real estate 

market). In FIGURE 28, the coordinates (columns) used 

to calculate distances are selected on the left.  

NOTE: while item similarities are commonly computed 

on the basis of the selected columns, by selecting the 

òUse custom dissimilarities ó option tells the system to 

consider dissimil arities declared in a s pecial column set: 

see chapter Defining custom dissimilarities  for details .  

Some other options available in the navigation  column 

deserve some experimentation:  

¶ Complete with minimum path :  enables a 

method that helps òunfoldingó particularly 

entangled data sets at the cost of a 

preprocessing time which can be large for very 

large datasets. 

¶ Layout method :  different techniques for 

displacing elements in the final layout, with 

different o utcomes and different speed.  

Finally, the display properties  box contains some options 

that can be enabled to help navigation.  

Other aspects of the displayed data are set by the two 

coordinate selection menus: coordinate for shape  and 

coordinate for blinking . If a coordinate for blinking is 

selected, all elements whose coordinate value lies above 

a specified threshold will blink.  

The clustering method requires making many choices. 

One has to decide on the appropriate number of 

clusters . If this number  is equal to the number of 

examples (the number of rows), one is left with the 

original set of cases which is not a very interesting 

result .   

FIGURE 28: GRAPHEURõS NAVIGATION 

SETTING 
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One method consists of building progressively larger clusters, in a hierarchical manner , 

and leaving the choice o f the most appropriate number and size of clusters  to a subsequent 

analysis phase. This is bottom -up, agglomerative clustering .  

Hierarchical algorithms find successive clusters using previously established clusters.  

Agglomerative algorithms begin with eac h element as a separate cluster and merge them into 

successively larger clusters. Merging happens by uniting the most similar clusters.  

In Grapheur , bottom -up clustering is selected in the navigation -clustering tab, and results can 

be analyzed by clicking on Go! to enter navigation mode .  

Navigation and clustering are among the most effective data -analysis and business 

intelligen ce tools within  Grapheur. The entire set of tools is large and extremely 

flexible  and we strongly suggest navigating and experimenting  with the program to learn 

more .   

Letõs start from some simple examples according to our òlearn by doingó philosophy. 

When first activated , navigation  shows an overlay with the available commands, take a moment 

to read all explanations before clicking on and removing the overlay, and remember that you 

will find the various commands by moving the mouse to the right side of your screen. Many 

controls can be activated either by using the keyboard shortcuts or by moving the pointer to the 

right border of the screen.  

  

FIGURE 29: GRAPHEUR'S NAVIGATION MODE 
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HOW TO NAVIGATE 

Let us see the most important shortcuts in the navigation screen:  

¶ Movement:  

o Arrows : pan 

o Shift -Arrows : rotate  

o PgUp/PgDown: zoom 

¶ Visualization:  

o C: show/hide clusters  

o +/ -: more or less cluster visualized  

o E: show/hide edges  

o G: show/hide grid  

o 2/3 : toggle between 2D and 3D mode 

o ?: show only points containing a specified string 

(useful to look for a specific value or a specific item 

in the matrix) , terminate search by putting a second 

question mark.  

o A: Activate the automatic rotation around the 

barycentre  of the data (used to provi de a better 3D 

view), A again to terminate rotation  

o > / < : Enlarge / reduce the size of spheres  

¶ Layout: 

o L: start/stop continuous layout. Allow the user to 

freeze the 3D/2D environment in order to focu s and 

analyze a specific layout  

o H: show/hide the help screen 

o P: show/hide interactive parallel coordinates panel 

o F: toggle fullscreen/window mode  

¶ Mouse: 

o Mouse OVER a NODE: see the info rmation  related to 

that specific node  

o CLICK ON a NODE: see more detailed information (if 

any) related to the node  

o DOUBLE-CLICK: see a list of action s connected to the 

node 

o RIGHT-CLICK: flag the node  

The screen shows a two or three-dimensional projection of your 

data, which can be freely navigated  by clicking on the appropriate 

controls. The display can be customized in many diffe rent ways, by 

activating / deactivating a grid ( G), by using two or three dimensions 

(2 or 3), searching for an specific string in the matrix (numerical or 

alphabetical - ?), toggling between full  screen and window mode 

(F), by locking -unlocking the layout ( L), or by cycling through 

different displays of clusters (no cluster, clusters  and clusters 

identified by ellipsoids with only cluster prototypes visualized ð C).  

  

FIGURE 30: GRAPHEUR BOTTOM-UP 

CLUSTERIZATION 
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To see the entire hierarchy produced by the bottom -up clustering approach you can now use 

either the button on the right or click + or ð on the keyboard. Note that the merging process is 

shown with a short animation: the two participating clusters are prog ressively modified to 

become a single larger cluster (or vice versa when proceeding from the larger to the smaller 

clusters in the hierarchy). Navigate up and down the clustering hierarchy until you identify the 

suitable number of clusters for your analysi s. Examine prototypes to get a summarized version of 

your data.  

Among the tools, a particularly useful one to use while navigating is the parallel coordinates 

display. It can be seen in navigation mode as an overlay by clicking on the letter P of the 

keyboard (toggle). By moving The active selectors , the number of points displayed in navigation 

can be reduced to concentrate on the most interesting one s.  

FIGURE 32: GRAPHEUR'S NAVIGATION MODE, ACTIVE SELECTORS FUNCTIONALITY 

FIGURE 32: GRAPHEUR'S NAVIGATION, LAYOUT LOCK AND INFO 












































