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Introduction 
This document aims to contextualize the project, and provides a written record of what has been done 
between January and April 2019. It is meant to be a help for anyone who wants to take over and to 
potentially continue the project. We will try to develop the issues raised by the subject and the ways we 
tackled them, the choices that were made during the development and the difficulties encountered. 

In addition, the user is strongly encouraged to read the User Guide available in the GitLab docs 
repository. This guide explains in detail how to use the program, and also includes the installation 
command lines and the procedures for the necessary modules. 

 

Project’s context and aim 
Scientific applications that perform numerical simulations usually produce values during their execution. 
It is interesting for the user to graphically represent some of these data in real time (raw data, 
convergence factor...) in order to have a better comprehension of what is happening. 

This project consists in generating a dashboard, adapted to each potential usage, from a template 
indicating the graphics to use and their respective positions. 

 

Imposed technological constraints 

The code is implemented in the Python environment. Dash and Plotly modules are used for the 
realization of the Dashboard. 

The templates describing the elements displayed in the dashboard and their locations must be written 
in YAML (a human-readable data serialization language that is a superset of JSON supporting the 
presence of comments). 

The values are produced through a text or a CSV file. 

Regular expressions have to be used to select the desired lines and columns. 
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Introducing Plotly Dash 
We started by studying and coding the tutorials on https://dash.plot.ly/ to understand how Dash 
works. 

This module provides many objects, including interactive graphics, buttons, drag-and-drop fields, 
checkboxes, sliders... that being everything needed to build a functional dashboard. 

We strongly encourage any programmer wanting to enhance this project in the future to read this online 
tutorial. However, we want to insist here on an essential point of Dash: the CallBacks. 

A CallBack allows to monitor a certain field of a Python object (called the Input), and to trigger actions 
on the Output if the Input field is modified. Here is an example: 

@app.callback( 
    Output(component_id='my-div', component_property='children'), 
    [Input(component_id='my-id', component_property='value')] 
) 
def update(input_value): 
    return 'You\'ve entered "{}"'.format(input_value) 
 

A CallBack consists of: 

 an Output, which corresponds to the object that will be modified each time the CallBack is 
triggered. This Output is identified by an ID, which corresponds to the name of the target object, 
and by a property, which corresponds to a field of this object. 
Here, the Output is the children field of the my-div object. 

 one or more Input(s), which are identified in the same way.  
Here, the value field of the my-id object is monitored. 

 a function executed if one of the monitored fields is modified. It is always located just below the 
CallBack object. This function takes as parameters as many variables as there are Input(s) in the 
CallBack. The variables taken as arguments can be named as desired, but they correspond to 
the fields of the Inputs - that is why the order of those parameters is critical. The function is 
then executed, and the return of this function is placed in the Output field. 

In this example, each time the value field of the object my-id is modified, the string sentence in the 
return of the function update will be written as the children field of the my-div object. 
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Implementation 
We will now describe the features that we implemented in our program, the technological choices we 
made, the issues that we encountered and how we faced them. 

Graphical display and CallBacks 
We tried throughout the project to implement the features incrementally. The first feature 
implemented was the display of a series of data in a graph. By following the online tutorial, this is 
relatively simple. 

Then, we added Callbacks to allow the user, once the Dashboard app is launched, to modify some 
parameters of the graph: 

- It is therefore possible to choose with checkboxes which data series to use on the abscissa. 
Then, we can choose the series of data to use on the ordinates, among all those remaining 
except the one use for the abscissa. 

- It is also possible for each axe to choose to use a linear or a logarithmic scale. 
- It is possible to choose the size of the points of the graph with a slider. 
- It is possible to choose the type a graph among Points, Linked Points and Bar. 

These features use chained CallBacks. 

The entire code of our program is in a single Python file. As you know, Python is a scripting language 
that executes the code. But the Dash module slightly upsets this organization. Indeed, all the Python 
objects that compose the web page of the DashBoard generated by our program are stored in an object, 
called app.layout. This object’s type is html.Div, which is the equivalent to the HTML tag. A Div object 
contains children, which can be also Div objects, or graphs, tables, sliders… It is therefore this object 
that our program will fulfill, taking into account the YAML template provided and user data, to build the 
final web page. 

 

Regular Expressions 
As required in the subject, our program must take the data file, and treat it at first with a regular 
expression given by the user. Regular expressions require from the user to spend some time to 
understand the way they work. We strongly encourage you to read the appropriate section in the User 
Guide. 

This feature allows to use a regular expression in order to filter data from the provided data file. This is 
useful in the case of a file containing a very large amount of data series, since it eliminates the ones that 
are not useful, according to the user, before they are processed by the program and added to the 
DataFrame. Of course, it is still possible to remove data sets directly from the program, thanks to the 
CallBacks detailed before. 

Regular expressions also allow the user to delete some specific data. For example, the user will be able 
to keep only numeric data, or to delete all rows that contain non-integer numeric data. 

This feature needs the regex Python module to work. Our program only processes the data file row by 
row, using the provided regular expression to erase the data that don’t match. It is important to note 
that the provided regular expression integrates groups defined with the use parentheses. Groups are 
an aggregation of different regular expressions that allows the selection of the different corresponding 
data with only one expression.  Here are some examples of regular expressions used for our project: 
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^([a-zA-Z0-9]*)\s([a-zA-Z0-9]*) : Takes into account every line where there 
are at least 2 columns, separated with a space character, and keeps only the 
1st and 2nd columns. 
 
^([a-zA-Z0-9]*),((?1)) : Same as the previous line, but in a more simplified 
version, and with a comma as a separator. 
 
^[a-zA-Z0-9]*\s[a-zA-Z0-9]*\s([a-zA-Z0-9]*)\s([a-zA-Z0-9]*) : Takes into 
account every line where there are 4 columns at least, separated with a space 
character, and matches only the 3rd and 4th columns. 
 
^([a-zA-Z0-9]*),(?1),((?1)) :  Takes into account every line where there are 
at least 3 columns, separated with a comma, and matches only the 1rd and 3th 
columns. 

 

YAML Templates 
Creation of templates 
As required in the subject, the elements that compose our Dashboard and their position on the output 
HTML page must be described in a YAML template. YAML is a human-readable data serialization 
language that is a superset of JSON supporting the presence of comments introduced by the hash key. 

In order to help any user writing and using its own template, we have chosen to use only a few keywords. 
The keywords available at the time are : 

- div : Creates an html.Div object. As explained in the user guide, the user must use div at least 
one time as the root of this template, and if there are several div at the same level, the user has 
to differentiate them by writing div1, div2... 

- graph : Creates the graph (mandatory and unique) 
- options : Creates the settings panel (mandatory and unique) 
- header : Creates a header that displays the name of the provided data file and the provided 

regular expression 
- table : Creates a table to display the data extracted from the provided data file with the provided 

regular expression 

A YAML file has a hierarchy. The hierarchy used in the YAML template will be the one reproduced to 
organize our HTML page. As explained before in this document, in the part “Implementation of graphical 
display and CallBacks”, a Div object can contain children. Here is an example of a YAML template : 

div: 
  # LOWER BOX 
  div1: 
     graph: 
     table: # Displays data in a table 
  # TOP BOX 
  div2: 
     header: 
     options: 

 

As you can see, a colon hast to be written after each keyword. 

It is important to note that Python, thanks to the yaml package, proposes to create YAML files with the 
function yaml.dump() (an example can be seen in the file generate_template.py in the branch master). 
However, the file created contains Python objects that are made by extension Dash Components and 
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their usage is different from the directly hand-written YAML file objects. That is why it is not 
recommended, in this project, to generate YAML file through this method. 

 

Implementation in the code 
This feature is the one that has been the most difficult to integrate into our program. 

Indeed, without the YAML template, our program always produce the same HTML page, organized in 
the same way. The filling of the app.layout object was not dynamic, so it was hard coded. 

With the YAML template, it is the user who chooses what elements should be displayed, and in what 
order. The filling of the app.layout object must therefore be dynamic and correspond to the order of 
the keywords of the provided YAML template. 

To do that, as the YAML must begin with a Div object, we start by executing a function called 
generate_div. This function takes as arguments the father, which is the object in which we must return 
the Div object (here app.layout), and the part of the YAML tree that contain the children of the div 
object. 

This function generate_div is a recursive function. It is call again if there are more div inside the div root. 
It also calls all the needed functions that correspond to all of the keywords that can be found in the 
provided YAML template: generate_div, generate_graph, generate_table, generate_options, 
generate_header. 

 

Real time display 
As required in the subject, we have implemented a feature that allows real-time refresh of the data 
displayed in the graph, without the need to reload the HTML page. 

To do that, as soon as the graphical object is created with the function generate_graph, it also calls the 
function generate_timer which creates an object Interval. 

This object implements a timer that will, at regular intervals, trigger the CallBack whose Output is the 
graph object. This CallBack reloads the data from the data file. So if the data file has been modified since 
the last check, the new values will be added to the DataFrame, and then displayed on the graph. 

Note that the interval is currently set to 5 seconds. It can be modified in the code if needed. 
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Execution example 
Let’s execute this command line to see what our DashBoard looks like: 

python Prototype7.py Data/TempHum.csv "^([a-zA-Z0-9\-.]*),((?1)),((?1))" 
Templates/template.yaml 

 

To understand how our program processes the data and builds the output HTML page, it is advised to 
consult the sequence diagram available in the appendix.  
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Difficulties 
Throughout the whole project, we encountered some issues, most of them coming from the fact that 
there was some misunderstanding of the system operation. After drawing a sequence diagram and 
having a discussion with our tutor, things became clearer. 

 

Regular expressions 
Using the regular expressions was quite complicated. We needed to input the regular expression into 
the terminal, but the terminal doesn’t accept some “raw” characters like parentheses, space or even 
the interrogation mark, which have peculiar meanings for the terminal. To resolve this issue, the regular 
expression has to be put between quotes. 

At the beginning of the project, we also used the standard module for python called re, but this module 
doesn’t allow some powerful tool like abbreviations. For example, in ([a-z]*)(?1) , the symbol ?1 repeats 
the regular expression ([a-z]*). In order to be able to use such tools, it is mandatory to use the module 
regex. 

 

YAML Templates 
While discovering the operation of YAML files, and the yaml package in Python, we thought that the 
easiest choice of implementation was to create a function to generate templates thanks to yaml.dump(). 
For us, it was a way to automate the creation of YAML templates. However, the use of the object given 
by yaml.load() with the newly created template was far too complicated because of the several levels 
we had to run through in order to get or set a piece of information. Moreover, thinking that users could 
use the generate_template function was a bit delusional. That is why, after several weeks of coding with 
this false thought, we had to rethink entirely our way of processing and creating the YAML files, making 
them more accessible to the user and the programmer. 

 

Real time display 
We faced an issue during the implementation of this feature: whenever the timer was triggered and 
executed the CallBack function of the graph, the graph was reset. This means that if the user had used 
the features of the Graph module of Dash to move the graph or to zoom, all his modifications were 
systematically lost. This made the buttons on the Dash graph unusable. 

To correct this problem, in the CallBack function of the graph, we add the field 'uirevision' : True. It 
preserves the actions that the user has performed with the buttons integrated in the graph Dash. 

 

Others 
Toward the end of the project, a member of the group was forced to upgrade from Python2 to Python3 
for another course. However, the project was thought and coded in Python2. At the time, we didn’t 
think that there were such differences between Python2 and 3, and it took us some time before 
understanding where the bugs he was experimenting were coming from. 
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Known issues 
YAML templates 
About the YAML template, we have to specify that the components added in the root div will be treated 
from the bottom to the top of the YAML file. But the component inside the second Div level will be 
treated from the top to the bottom. In the example provided in the section “YAML Templates” of this 
document, the program will read div2(header,options), and then div1(graph,table). 

We do not know why our program behaves this way during the process of the dictionary, resulting from 
the YAML file. 

This operation does not prevent the use of the program, but we must keep in mind this non-intuitive 
operation when writing the YAML template. 

 

Real time display 
As explained before in this document, in the section “Real time display”, we use the field 'uirevision' : 
True to prevent the reset of the graph. 

However, we noticed a bug: if the user uses the buttons provided by the Graph object of Dash, for 
example to move the graph by dragging it with the mouse, or to create a square to zoom inside by 
dragging the mouse, and if simultaneously the timer is triggered and thus executes the CallBack of the 
Graph, then the graph will be in an inconsistent state. 

If this bug occurs, one way to return to a normal operating state is to wait for the next timer trigger (5 
seconds in the current code state). 

A bug report is available in the appendix of this document. 

 

Possible future improvements 
Using the application from a URL 
The application that is proposed at the moment is functional by using a command line in a shell-like 
terminal. However, during the development phase, it was mentioned that the application could be used 
thanks to a URL. Although this feature is not available in the rendered program, a beginning of solution 
is available on the CGI_server branch, where two eventualities were tested. 

First, we decided to tackle the issue by creating a small local server using a CGI1 (Common Gateway 
Interface). It is a gateway that allows server software to communicate with other softwares running on 
the same computer, in our case Python scripts. However, if the selection of the required data was easily 
done via the cgi.FieldStorage() function, we realized that it was not possible to run the Dashboard 
application on the same server. Dash apps are web applications that use Flask as the web framework. 
However, Flask’s apps are using Flask’s built-in server, that’s why it is not possible to embed our Dash 
application inside the CGI interface. 

This knowledge acquired, it was decided to run the Dash app within a personalized Flask app2. After a 
few tests that were close to be successful, it was discovered that this solution couldn’t work either on 
the current state of the rendered application. Indeed, this solution needs to be coded in a Python3 

                                                           
1 CGI server starter pack : https://pointlessprogramming.wordpress.com/2011/02/13/python-cgi-tutorial-1/ 
2 This link was very useful during the test phase : https://pusher.com/tutorials/live-dashboard-python 
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environment, while our application uses Python2.7. However, the Dash app embedded within a Flask 
app seems to be the most reliable solution at the time, that is why we recommend to translate the code 
in Python3 before trying any addition of feature. 

 

Improving the processing of the YAML templates 
As explained in the dedicated part of this report, YAML templates can only be written thanks to a few 
keywords. However, it is possible to modify the existing code in order to enhance the user experience 
by adding new keywords or by rewriting the dedicated portion of the code to make it more responsive. 

Moreover, by using the Dash app embedded within a Flask app, it will be interesting to find a way to 
cache the different used templates. We can imagine that restarting the program with a YAML file that 
has already been used previously will no longer require you to browse the YAML file and extract a 
dictionary which will then be browsed to fill app.layout. 

 

Updating the data table in real time 
Our program allows the user to add to its DashBoard a table that contains the data that has been 
conserved from the provided data file, after being filtered with the provided regular expression. 

In the current state of our program, the graph is updated in real time, but the data table remains the 
one that was displayed at the launch of the application. 

 

A possible improvement would be to update the table in real time, at the same time as the graph. This 
raises a technical difficulty. The graph is updated in real time using a CallBack, triggered at regular 
intervals by an Interval dash object. For the table to be updated, the same thing should be implemented. 
It's easy to do. However, if we add a CallBack to our code, then all the objects used as Input or Output 
of this CallBack must be present in the app.layout object. This is not a problem for the graph, because 
it is mandatory in our DashBoard. 

At the contrary, the user does not have to use the Table keyword in his YAML template, so the HTML 
output page does not necessarily contain the Table object. If the array is not displayed, then there can 
not be a CallBack associated to this object in our code. But in the current state of our program, the 
CallBack are not created dynamically using the YAML templates, and we can’t add or delete CallBacks 
as we want. 

To implement this feature, it will first be necessary to dynamically manage the addition of CallBacks to 
our code, according to the keywords found in the provided YAML template. 

Once this problem is fixed, it will be easy to update the table in real time with a CallBack. 
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Conclusion 
We are proud to say that we have succeeded in fulfilling all the conditions imposed by the subject. We 
realized in Python a program which takes as arguments a file of data TXT or CSV for example, a regular 
expression allowing to filter the data of this file, and a template YAML written by the user that describes 
the components displayed in the HTML output page and their position. 

As we have detailed throughout this document, we have implemented the features of this program 
incrementally. Some implementations were more difficult to achieve than others or took a very 
important time, but we have managed to find a satisfactory solution. 
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Appendix 1: Sequence diagram 
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Appendix 2: Bug report 
 

BUG NUMBER #0001 
Type : Bug       Status : OPEN 
Priority : Medium      Resolution : UNRESOLVED 
Labels : UIbug 
 
DESCRIPTION 
Summary  
Some actions performed by the user on the graph by using integrated Dash options collide with the 
refreshment feature, ending with the graphic representation being stuck (like an afterimage on the 
retina) while the background containing the axis moves normally until the next refresh occurs. 
 
Steps to reproduce  
Moved graph option : 

 Left-click on the “Pan” button, represented by an arrowed cross 
 Left-click on the graph area 
 Move the graph around without releasing the left button of the mouse, at least until a 

refreshment of the page occurs 
Selected graph option : 

 Left-click on the “Box select” button, represented by a dotted rectangle, or on the “Lasso select” 
button, represented by a lasso 

 Left-click on the graph area 
 Create a selection without releasing the left button of the mouse - the selection is represented 

by a dotted rectangle or a dotted shapeless form moving alongside the cursor -, at least until a 
refreshment of the page occurs 

  
Expected Results 
Moved graph option : 

 The graphic representation and the background containing the axis should move alongside the 
cursor while the left-button of the mouse is pressed 

 When the left-button is released, the graphic representation and the background stay still 
 If the steps are reproduced, the same result should be expected. 

Selected graph option : 
 The selection area (a dotted rectangle or a dotted shapeless form) appears and every point or 

bar that is entirely inside it has the original color, while all the others outside have a faded color  
 When the left-button is released, the selected data have the original color while the unselected 

data have the faded color until a new selection is made by the user 
 If the user decides to then use the option that moves the graph, the color scheme should be 

unchanged and the result described in the Moved graph option should occur smoothly 
 If the steps are reproduced, the same result should be expected. 

 
Actual Results 
Moved graph option : 

 The graphic representation and the background containing the axis should move alongside the 
cursor while the left-button of the mouse is pressed 

 If a page refreshment occurs while the left mouse-button is still pressed, the background will 
stop moving and the graphic representation will continue to move alongside with the cursor 

 If the left-mouse button is released, the graphic representation will go back to its normal place 
according to the position of the axis 
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 If the user left-clicks again with the Moved graph option, moves the graphic representation with 
the background, and releases the left mouse-button, before the next refreshment of the page, 
the background will stay still while the graphic representation will find its last position, before 
the second moving 

Selected graph option : 
 The selection area (a dotted rectangle or a dotted shapeless form) appears and every point or 

bar that is entirely inside it has the original color, while all the others outside have a faded color  
 If a page refreshment occurs while the left mouse-button is still pressed, the selection area 

graphicly disappears but is still in action  
 When the left-button is released, the selected data have the original color while the unselected 

data have the faded color until a new selection is made by the user 
If the user decides to then use the option that moves the graph, the color scheme are unchanged but 
the result described in the Moved graph option occurs. 


