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Executive Summary
This deliverable finishes T3.4, started by D3.3 and followed by D3.5. The work in this task is
complementary to the one developed in WP5, task 5.1. Thus, the departure point is PoliRural
ed.4 and the experiment designed around it, as explained in the introduction and chapter 2.
Chapter 3 describes the development of the software suite to create “a functioning OS
simulation framework”. The three phases involved are: export, cleaning and transformation
(3.1); design of server application and API (3.2); and design of the end user interface (3.3).
The development process is described in chapter 4. Challenges involving licensing, availability
and distribution are tackled in chapter 5.
Conclusions (chapter 6) include an identification of the challenges ahead, as well as a
preliminary business model, to discuss and integrate as a piece of the whole PoliRural
proposal.

Keywords
System Dynamics Modelling (SDM); rural planning; foresight; scenario evaluation; XMILE

© 818496 PoliRural Project

6

21/01/2022

D3.6 System Dynamics Tool: Final Prototype

1 Introduction
This deliverable is the last of T3.4 Working Prototype Testing & Delivery, a task carried out
since month 17th of the project (October 2020), and reported in deliverables D3.3 and D3.5.
The final goal of the task is “the creation of a functioning OS simulation framework which can
accept PoliRural models developed for and validated by the pilots”.
The work produced takes the initial prototype (D3.5) as its starting point and develops it by
focusing on three aspects:
•
•
•

designing the process to go from the general model to a tool where local panels can
run partial simulations in coherence with the foresight exercise
transforming the models coming from a proprietary commercial software into an OS
executable program
building a user interface and working instructions to make the tool available and
friendly

It is important to remark on the convergent work of WP3 and WP5. The final prototype has
been designed on the basis of the experiment to be run by pilots in WP5, as explained below.
D3.6 together with D5.4 represent this joint point.
This deliverable proceeds to introduce:
•
•
•
•
•

The SD experiment design
The tool that has been built to meet the requirements of the SD experiment
The development process that has led up to the completion of the tool
Licensing strategies for the working SDM-tools
Conclusions and findings including challenges, preliminary business model
considerations and next steps.

This deliverable emphasizes the technology process over the considerations that went into
the development of the models and the extensive interaction with end-users from PoliRural
pilots that work entailed. That part of the work is detailed in D3.5 and must be seen as an
important complement to the technical descriptions provided here.
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2 Designing an experiment based on SDM
From the point of view of modelling, the departure point is PoliRural SDM ed.4. As explained
in D5.4, edition 4 is a set of models adapted from the template to 10 pilot areas. There are
two exceptions to this rule. The Mazowieckie model could not be built because of the lack of
significant data. Due to the very specific dynamics taking place in Flanders, the model did not
come from the template but a small new model was created from scratch dealing with the
land use in the region.
The pattern for the 10 pilot areas has been the same: adapting the template to local dynamics,
filling it with data and calibrating it.
When the models were adapted and calibrated to local data, they were closed and a first
scenario, called Baseline, was produced. Baseline scenario considered no variations in the
working assumptions, so it is a ‘no action scenario’ to compare with the ones that are going
to be produced by users.
The sense of the experiment was to limit the scope of action and so reduce the difficulty of
working with the whole model. The process to design and document the experiment included
two previous phases: Statement of expectations, and Policy Scenarios, and they are included
in the Compendium of Regional Foresight Initiatives.
The statement of expectations had the goal to get the pilots to think about what they wanted
to achieve with the experiment and focus on how they wanted to carry out and document it.
Policy Scenarios consisted of the choice of the list of variables to run the experiment, in
coherence with the action plan and the issues chosen in it.
As a result of the previous phases pilots had control variables to build scenarios and KPIs to
measure the impact and compare with the Baseline. They were ready to use the tool.
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3 The SDM tools
The tool suite developed for the Polirural project relies heavily on the use of the open
interchange format XMILE as a “transport” between proprietary modeling and execution
environments and the open source framework adopted, adapted and improved here.
The three steps that are involved in making an SD model authored in Stella or any other XMILEcompliant modeling environment are:
1. Export, cleaning and transformation of proprietary formats into XMILE.
2. Creation of a server-side API that allows execution of models from a web client.
3. Build a client application that can consume the methods exposed by the Web API
methods exposed in step 2 above.
These three steps are described in further detail under the sub-headings below.

3.1 Export, cleaning, and transformation
The first component of the SDM tool is used to “clean” and transform XMILE-files into
executable Python code. This is done once or rarely.

Figure 1 XMILE fragment as exported from ISee systems Stella Architect
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Figure 2 XMILE fragment after clean-up in PoliRural command-line tool

3.1.1 Functional description
This tool is meant for use by system administrators and system integrators and will be used
once (for static models) or occasionally (for models that receive updates from time to time).
The tool has been implemented as a command line utility as well as a library that can be called
from within other applications.
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Figure 3 Command line tool usage

This allows for easy automation using scheduling tools e.g. converting the most recent version
of a model every day at a specific time. The library implementation makes it easy to embed
the conversion tool within other programs, workflows or tool chains for automation purposes.
The command line version optionally outputs error and validation information from the input
XMILE-files. This information can be used to identify areas where the model deviates from the
standard - or where functions that have not yet been implemented in the conversion tool are
present.
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Figure 4 Examples of log output from command line tool

Such issues may be rectified in a text editor - or by going back to the authoring tool and
replacing the “offending” syntax. The latter is preferable in order to enable automation of
subsequent conversions.
3.1.2 Technical description
The tool has been developed in Python 3.10 and is backward compatible with all Python 3.x
versions.
While XMILE is the agreed standard for interchange, the field of system dynamics modeling is
still dominated by a few large industrial players. Thus, XMILE falls victim to what in
standardization terminology is known as “vendor specific extension”. In vernacular translates
to deliberate deviations from XMILE in the interest of driving innovation (or limiting
competition).
It is not the objective of Polirural to question such motives, but our work must factor in the
consequences: XMILE enables fluent interchange of the smallest common denominator set of
SD functions/operations. Where vendor specific extensions are applied, only the software in
which they were produced will be able to successfully interpret them.
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This is not a problem that is specific to our project - but nonetheless an underlying factor that
impacts the long-term development/maintenance cost of Polirural project results - and
therefore one that we have taken into consideration.
The central component of this tool is pysd, an open source Python conversion library that
accepts XMILE-files as input and that outputs an executable model as a Python class.
During the Polirural execution time, pysd has gained traction, as has system dynamics in
general and there is a growing body of tools dedicated to this and similar operations. Several
of these tools have as a stated goal to be conformant and synchronized with the XMILE
standard.
Polirural has contributed to this project by implementing a number of functions currently
missing such as the PREVIOUS and HISTORY functions. Simulations are carried out as timesteps from a specified start-date. Some functions need to be aware of values at previous
execution steps. The two functions implemented by Polirural realizes this behaviour and
makes it available to the rest of the pysd user community.

3.2 Server application and API
At the end of the previous step, we are left with executable Python code that accepts as input
any parameter exposed by the system dynamics model. This step is concerned with making
the model executable on the web so that the simulations may be carried out through the web
browser.
3.2.1 Functional description
This part of the SDM-tool is targeted at system administrators and system integrators. It will
typically be configured only once for each application.
Polirural wishes to make system dynamics simulations available as a tool to non-technologists,
non-SD experts outside of traditional tools. On top of the executable Python code resulting
from the model conversion, it is therefore necessary to add a layer that exposes the model
over http(s). The Hyper-text transfer protocol (http) is the most common protocol for web
communication.
This is commonly referred to as an API (application programming interface), a framework that
does not implement a user interface but that exposes a number of methods that can be used
to build applications and user interfaces. APIs can be exposed by services locally on a
computer, through software libraries or on the web. The latter being the case in Polirural.
The API sits between the model code and the user interface and is therefore a critical
component within the SDM-tools. .Furthermore, the API is also the foundation for any longterm software as a service (SaaS) offering of Polirural system dynamics models and may
therefore be of particular importance to the exploitation strategy.
© 818496 PoliRural Project
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3.2.2 Technical description
Since the SDM-tool suite requires Python as a development/execution environment for the
conversion step, the decision was made to implement the API layer on this platform, too.
Fewer dependencies are generally preferred in trying to ensure the long-term sustainability
and maintenance of software.
For ease of setup, the Polirural implementation relies on Anaconda or Miniconda, a Python
framework that comes with a command line client “conda” that is capable of creating,
activating and executing Python code within virtual Python environments with specific
versions of Python that can sit next to other Python instances on the server/computer without
interfering with their operation.

Figure 5 Listing of key packages in Python environment

For the purpose of executing the SDM-tools, we may create an Anaconda virtual environment.
This can easily be replicated on any computer with a simple command-line syntax. Anaconda
is available on Windows, Linux and Mac, further easing the task of deployment and testing..
The most common framework for developing Web API in Python is a framework called Flask.
Flask implements security, authentication as well as a http server that can be invoked via
FastCGI by most mainstream web servers on Linux, Windows and Mac platforms. It can be run
behind NginX, Apache or IIS web servers using FastCGI.
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Figure 6 Server console log

The API is at the time of release available with standard HttpAuth authentication. The API is
documented through a Swagger user interface, automatically generated from in-line
comments in the code.
The API exposes two key methods: one to execute a specific model, another to access model
parameters/documentation as exposed by the Python class that implements the model. This
is used in the end-user client to list available model parameters, equations and standard
values etc.

Figure 7 Example of JSON representation of an abbreviated record representing a time-step in the
system dynamics simulation

3.3 End-user clients
This section describes the end-user client module of the PoliRural SDM-tools. This is place
where the value-proposition of PoliRural is realized, namely to bring SDM capabilities to nonSD-experts involved in foresight analysis, policy development and strategy formulation in rural
areas.
3.3.1 Functional description
This tool is meant for end-users who are working with foresight analysis, policy or strategy
development. The users are not required to have extensive technical knowledge before using
the tool.

© 818496 PoliRural Project
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Upon entering the URL for the landing page of the tool (available via the innovation hub), the
user is presented with a screen that shows a header area that identifies Polirural, a menu bar
with the possibility to select which model the users wish to explore as well as a visual tile-grid
of the same models, offering a brief explanation of each region/model and a button that brings
the user to the same place in the application as selecting the model from the drop-down menu
on the upper-right hand side of the screen.

Figure 8 The landing page shows a "tile" for each model that has been developed in PoliRural

When a model is activated, the user is presented with a “wizard” dialogue box. Each pilot has
selected a limited number of input parameters (+/- 10) that they wish to modify when
executing their models. These parameters are on first run presented to the user one at a time
along with a title, a short description/definition of the parameter and a help-text that provides
additional detail and metadata about the parameter, its permissible range etc.
Once all the steps have been completed, the model can be run. For users who are familiar
with the model it may be more convenient to work in the single-screen interface where all
controls are available/visible on the screen at the same time. Users can switch to this mode
by closing the wizard dialogue using the “X” in the upper-right hand corner of the dialogue
box.

© 818496 PoliRural Project

16

21/01/2022

D3.6 System Dynamics Tool: Final Prototype

Figure 9 Models can be executed in tow modes: a step-by-step wizard that can be used to learn the
tool for beginners as well as a more advanced single-screen interface where all parameters can be
modified and tested

When a model is run, or when the user has chosen to show the model in advanced/singlescreen mode, the model will be executed with its current parameters. If the user has not made
any modifications, this will be the default parameters configured at the time of model
authoring.
In the same way pilots have chosen a number of parameters they wish to configure, they also
have chosen a small set of indicators that they wish to display in order to assess the impact of
changing the input parameters of the system dynamics simulation.
The output from these indicators are shown in 2D line-charts as well as in a table with one
column per output indicator and one row per time-step in the model. The time-step is a
preconfigured part of the model that is not open for the user to modify.
In advanced/single screen mode, the user interface is split in two vertical columns with a
shared navigation bar on top.
The left quarter of the screen is reserved for the column containing controls that allow input
parameters to be manipulated. At the top of this column, there are three buttons to:
1. switch to wizard mode
2. hide detailed help texts (see impact in Figure 10 below)
3. reset input parameters to their default state

© 818496 PoliRural Project
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Figure 10 As users get more comfortable with the tool, the additional help texts may optionally be
hidden

The right column consists of three adjacent “tabs” whereof the default is “Results”; the output
from model execution. This section contains a responsive grid that changes the size and
number of chart tiles per row according to the width of the browser. That way, the application
maintains readability at different screen sizes and across different units.
On top of this column there are also three buttons to:
1. run the simulation and update all the graphs
2. compare the current simulation to a saved scenario (see description of saved scenarios
below)
3. download the results of the model execution as an Excel table (the download contains
ALL model outputs, not only the selected indicators)
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Figure 11 The results of model executions are visualized as line charts showing the change of values
over time as well as tables

The second tab in the right column is called “Saved scenarios”. Here, it is possible save the
state of any user specified model execution parameters and give them a name, e.g. “Planning
scenario 1, investments into rural broadband” or similar. This enables the use of the SDM-tool
for scenario evaluation.
Any two scenarios can be displayed against each other, enabling users to see the relative
impact of one set of input parameters and another. Parameters may sound overly technical,
but these correspond to policy options or development trends that policy makers, strategists
and analysts seek to impact, capitalize on or avoid. Therefore, this is an important feature of
the tool.
Any number of scenarios can be saved. In the current release, scenarios are saved to the user’s
computer browser cache. In future releases scenarios may be shared among users and stored
persistently on the server-side.
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Figure 12 When a simulation has been run, the model parameters can be saved and recalled to
compare scenarios against each other

The third tab, “Available model parameters” lists the parameters that are available for the
model. At the time of release it shows three columns:
•
•
•

The first column provides the name of the parameter as it must be specified when
passing parameters to the model execution.
The second column identifies the measurement unit for the parameter (or dmnl, if no
meaningful/known unit).
The third column identifies the equation or default value of the parameter.

The table lists all parameters, including but not limited to the +/- 10 parameters selected by
each pilot.
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Figure 13 All the parameters and equations that are used in the model are available under the tab
"Available model parameters"

Each of the charts that displays the results from the model executions can be exported as
bitmap graphics in PNG-format by clicking the “Download” button below each chart. The
download button for the table is always shown on the top of the page. That button, as
explained above, will download the output from ALL model parameters for each time-step in
the model to an Excel-file.
Graphics may easily be used in presentations and reports and the exported table data may be
used for further analysis and processing in desktop statistics or spreadsheet applications like
SPSS. R or Excel.
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Figure 14 Result data can be exported as a table for further processing in desktop statistics and
visualization packages

The simulation parameters may be specified in two different ways:
•

•

Through an input field where the user enters a value—this field may be limited to a
certain data-type and may be bounded to a range of permitted values expressed as
min/max bounds
Through a graph that where the x-axis expresses the time-steps in the model and the
y-axis expresses the range of permissible values
o It is possible to select predefined curves based on templates by using the dropdown “Use template” on the lower-left hand side of the chart controls
o It is possible to draw custom curves by hovering the mouse pointer above the
chart and dragging a line along the x-axis while moving the mouse up/or down
to simulate changing parameter value over time.
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Figure 15 Simulation parameters can be given as a constant number or as a value that changes within
an interval over time

3.3.2 Technical description
The end-user clients have been implemented as a HTML5 and JavaScript application by using
the framework React. For the layout framework and standard UI-elements, the application
relies on the CSS component styling framework Bootstrap and its partner library bootstrapreact that implements major Bootstrap elements as react components.
For tooling and package management, the clients use NodeJS, npm (Node Package Manager)
and Yarn.
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4 The development process
This section describes the development process applied in designing and implementing
PoliRural SDM-tools.

4.1 Planning & specifications
The specifications for the tool were based on requirements collected from pilot partners
representative of envisioned end-users and compiled and structured by 22Sistema and Asplan
Viak into a functional requirements specification described in D3.3 and D3.5.

4.2 Development & testing
The development was made in an incremental manner throughout 2020-2021 with the release
candidate for the final version in testing at the end of November 2021.
The development has followed a simplified Agile methodology where the work has been
broken into many tasks that in turn have been added to a back-log. The elements in the
backlog have been grouped into sprints and implemented iteratively in a cycle consisting of:
•
•
•
•
•
•

detailed requirements definition and analysis per sprint
IU-design
development
quality assurance
testing
(start over on next sprint)

4.3 Community building & identity
As for the development of the community, the experiment, as explained in D5.4, is going to
help developing community identity by communicating a shared idea of the rural ecosystem
in all its complexity.
At a higher level, the exercise is expected to create a community around rural planning and
system dynamics. This strategy has been developed throughout the project and will continue
until its closure.

4.4 Code availability
The code of PoliRural SDM-tool components is available on GitLab under the organization
“polirural” where the code is contained in four different repositories at the address:
https://gitlab.com/polirural

There are three key repositories:
1. One where the SDM-models are available for download and modification:
https://gitlab.com/polirural/polirural-local-dynamics-databases
© 818496 PoliRural Project
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2. One where the command-line tool and back-end server application code is available
as a Python software project
https://gitlab.com/polirural/pysd-polirural-server

3. One for where the code of the front-end client application is available as a
JavaScript/React project. This repository is private and individual access will be granted
to reviewers
https://gitlab.com/polirural/polirural-sdt-client

Figure 16 The landing page for the PoliRural git repositories on GitLab
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5 Licensing, availability and IPR
This section outlines the licensing principles and selected licenses for the PoliRural SDM-tools.

5.1 General licensing considerations
The SDM-tool will be licensed according to three principles:
1. The models will be licensed under a permissive free and open source license
2. The server/API code will be licensed under a permissive free and open source license
for self-hosting and software integration purposes
3. The client code will preliminarily be protected by a restrictive Open Source license that
prevents commercial reuse.

5.2 Free and open source license (Apache 2.0 license)
The permissive license applied to the command-line tool, the server applications and the
client-side javascript library is the Apache 2.0 license.

Figure 17 Apache 2.0 License notification clause to be included in repositories

5.3 Restrictive open source license (Commons clause)
The restrictive license applied to the front-end application of the PoliRural SDM-tool is the
Commons Clause license condition “wrapped around” the Apache 2.0 license above. The key
difference being that the Commons clause prevents commercial re-use/sale of the software.
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Figure 18 Commons Clause wrapper for Apache 2.0 license, preventing commercial re-use by third
parties
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6 Conclusions
This section provides an overview of the conclusions from the technical development of the
SDM tools as well as preliminary findings that have a bearing on the continued work until the
completion of the work.

6.1 Challenges
A number of challenges have been identified and attempted mitigated throughout the
execution of WP3. These are described below along with an indication on how PoliRural has
dealt with them.
6.1.1 Standards compliance, observance
The technical domain of System Dynamics is dominated by a small number of large industry
players. The evolution of XMILE is disproportionately impacted by these players rather than
an independent standardization body.
XMILE is therefore likely to be vulnerable to more “vendor specific extensions” and to be less
stable than, say, similar standards in the geospatial domain that are overseen by a
standardization body with broad participation from government, science/academia, NGOs,
businesses and individuals. The broad representation tends to counterbalance the incentive
for profit and competitiveness that drives the private sector.
The project has addressed this issue by building on underlying components with a large and
active developer community. This ensures that PoliRural partners can capitalize on community
efforts in keeping the conversion tools conforming to changes and amendments to the
standard - including emerging vendor specific extensions.
6.1.2 Availability of free tools for SD model modification
While there are existing proprietary SD tools that are capable of exporting and importing
XMILE-files, a feature-rich and mature open source client for editing XMILE-models has not
been identified. This means that while the execution of models outside of the expert SD
systems is made possible through PoliRural, modifying and extending the models still require
software like e.g. Stella Architect to be available to the workflow.
Currently, the consequence of this is that the envisioned cost-saving of enabling SDMexecution outside the proprietary, commercial domain doesn’t eliminate prohibitively high
software costs and thereby fails to open up the domain of SD-modeling to users unwilling to
make that investment.
The project has identified an increasing number of active Open Source projects seeking to
develop web-based modeling environments capable of reading/writing XMILE. By the time
PoliRural SDM-tools are market ready, there are several promising lightweight SD-editors in
the pipeline.
© 818496 PoliRural Project

28

21/01/2022

D3.6 System Dynamics Tool: Final Prototype

6.1.3 Added-value of custom tool relative to closed source public clouds
The PoliRural SDM-tool is customized and simplified with an aim of reaching a less technically
advanced audience than the interfaces exposed by public cloud hosting options for SDMmodels such as iSee Exchange, where models exported from Stella may be hosted for free as
long as they are open for all. These tools essentially transports the concept of the Stock-Flow
diagram at the core of SDM-models onto a web user interface and assume that users are
familiar with the notation and vocabulary of SD as a professional discipline.
The second advantage of the PoliRural SDM-tools over public clouds is the possibility to make
them private and to protect the IPR that has gone into developing specific models. This is not
envisioned to have any impact on the piloting within the project as all models are made
available through a permissive Open Source license. However, for the purposes of post-project
exploitation, the ability to make models private and restrict access to paid or conditional use
may be of great value.
The down-side of the PoliRural SDM-tool implementation is that it is detached from the
development of the main SD-modeling tools and therefore must be kept in sync with changes
in the XMILE-standard on a manual basis. Our mitigation strategy is described under the 6.1.1,
above.
6.1.4 Complexity of SD as a methodology does not scale to non-experts
System Dynamics is a professional discipline that requires a significant investment of time to
gain the necessary proficiency to modify and extend models. While execution of models is
possible by non-experts, modification is less so. This is further underlined by the lack of
free/affordable, easy to use modeling software and limited support for XMILE.
6.1.5 Lack of expertise, resources in local government organisations
The development process for the models has discovered that there is a frequent need for
customization of models to local conditions. This limits the 1:1 reusability of PoliRural SDmodels but increases their importance as templates from which rural development dynamics
may be customized.
However, government organizations are going to continue to rely on support from SD-experts
if they wish to use this technology in their analysis and policy formulation. The pressed
economic situation in local governments puts a clear cap on the amount of external support
that can be procured.

6.2 Preliminary business model
Developing a business model and tuning the PoliRural SDM-tools towards current and
envisioned market demands remains to be done in the final task of the work package.
However, at this stage, an outline of the business model canvas that identifies the key
elements of the business model including its unique value proposition has been prepared.
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We envision the following channels for delivery and value-creation based on SDM-tools:
•

•

•

•

•

Flexible re-use of PoliRural components by third parties who acquire code, install and
use it in their own environments
o Open Source
o Engage community in evolving, maintaining SDM-tools
A SaaS cloud service where models can be uploaded, executed and explored without
the need for setup or installation on servers or local computers. The SaaS service might
be made available on
o time-limited subscriptions
o prepaid credits
o pay-per-execution
o freemium-models with paywall
Software development and customization services
o Customizing PoliRural end-user application to client needs
o Devleopment of new custom applications from scratch
o Integration into existing applications
Consultancy services
o SD-model development
o PoliRural SD-model customization, specialization, extension
o SD-training
Academia
o Collaborative model development within rural planning, foresight and policy
development domains.

On the following page follows an outline of the preliminary business model canvas that has
been prepared for the project.
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Figure 19 Preliminary business model canvas for PoliRural SDM-tools
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