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providing a service for researchers who will use data from the FOSSR 

infrastructures to build reliable agent-based models. In this deliverable, 

we report our activities to the date. We provide an overview of 

complexity science, agent-based modeling, and their contribution to the 

FOSSR infrastructure. We show our formalization of the Iterative 

Proportional Fitting algorithm for synthetic reconstruction and its 

validation, and steps towards the integration in the workflow of the future 

FOSSR infrastructure in collaboration with other WPs. 
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1. INTRODUCTION 

 

The background mission of the FOSSR project relies on creating and strengthening awareness 

and knowledge of data and methodologies used in empirical social sciences among a wide 

audience, through maintaining and reinforcing relevant Research Infrastructures (RI), while 

fostering the development of a research and social environment conducive to an open, shared 

and simplified data access via innovative interfaces. The project will concretely contribute to 

the effective implementation of the 'open science' for social science researchers by providing 

innovative tools and services for research, shared virtual environment for data access, and a 

wide and varied package of training courses, sessions and programmes (FOSSR DoW, 2022). 

FOSSR adopts the common theme of the development of Open Science in the Italian context 

with the goal of creating a framework of tools and services for the social science scholar 

community involving the Rls in social sciences coordinated by CNR, namely CESSDA, 

SHARE and RISIS. The framework should take the form of an integrated knowledge sharing 

platform, a single point of access to all the tools and services made available by the Italian 

nodes of social science infrastructures. 

FOSSR fosters the building of an Italian Open Science Cloud, along the lines of the European 

Open Science Cloud project, in which to integrate innovative services developed by the project 

for data collection, data curation and fairness and data analysis on economic and societal 

change. 

FOSSR wants to promote toward multiple audiences, widespread knowledge and awareness of 

the data and methodologies employed in empirical social science, fostering the growth of a 

broad societal environment favourable to further thriving of social science research in Italy, 

providing easy, open, streamlined access to social science data through innovative interfaces 

 

1.1. FOSSR Objectives and Ambition  

 

FOSSR has the general aim of promoting, towards multiple audiences, a widespread knowledge 

and awareness of the data and methodologies employed in empirical social science, by 

providing (i) systematic and organised knowledge (also through summary harmonised data) 

about available social science data resources in Italian data archives, especially the CESSDA 

Archive, already object of the grand infrastructural proposal; (ii) resources supporting 

methodological advancement as to data collection and data analysis, especially important for 

RISIS to understand the design, the implementation, and the outcome of research and 

innovation policies, which can improve the robustness of empirical evidence produced for 

policy makers and to deal with new research questions, and (iii) tools and services to make 

publicly available advanced probability panels for longitudinal analyses to support important 

survey such as SHARE, complementing them with a network of online laboratories. The 

integration of this pool of resources shall concretely contribute to the realisation of open science 
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for scholars in social sciences, going with an important program of scientific training for the 

production and analysis of social science based on FAIR1 empirical data. 

One further key objective is setting a new generation of young researchers in social sciences, 

by hiring several researchers and technologists with fixed time contracts, which will become 

highly skilled human resources in data science and data management in social science research, 

and by funding 20 PhD positions to train early career researchers in the field. 

FOSSR is also aimed at fostering the growth of a broad societal environment favourable to 

further thriving of social science research in Italy, providing easy, open, streamlined access to 

social science data through innovative interfaces (data exploration portals, time series, 

interactive visualisations), and through online data analysis software aimed at students, along 

with divulgation resources about social science methodology. These aspects are particularly 

aimed at civil society organisations (NGOs, etc.), students, ordinary citizens, to foster a 

widespread societal awareness of social science data, results, methods to promote an easier and 

more user-friendly dissemination. 

The main investment shall be on the creation of a suitable IT infrastructure and a network of 

data centers to provide researchers access online and onsite, and to support the workflow of the 

proposed collaborative projects. One of the subsequent goals of FOSSR will be to develop 

innovative tools and services for data collection and data analyses, and to support participating 

users in the acquisition and use of advanced equipment and software for social science research 

needed for collaborative studies and projects. The achievement of the above-mentioned goals 

can be reached by means of an online platform – the Open Cloud, acting also as a dissemination 

layer, intermediating between data producers, archives, and the broader shop floor of users 

(both scholars and stakeholders), assuring access intermediating between data producers, 

archives, and the broader shop floor of users (both scholars and stakeholders), assuring access 

also to multiple software interfaces, geared at different audiences, methodological content, and 

training materials. 

 

1.2. Purpose and scope of this document 

 

Social science is one of the branches of science devoted to studying societies and the 

relationships among individuals within those societies. The branches of social science include 

anthropology, economics, political science, psychology, and sociology. Population growth and 

the complexity of modern society have made the social sciences of utmost importance. Thanks 

to them, it is possible to thoroughly understand social dynamics to act by preventing or solving 

related problems. This approach requires much information to build models to properly 

simulate and understand individual and societal behaviours. Therefore, the interaction of the 

scientific community and the ability of scholars to access this information quickly and 

efficiently is of great importance. 

 
1
 Findable, Accessible, Interoperable, Reusable 
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The aim of FOSSR is the creation of an Italian Open Science Cloud for the Social Sciences, 

which shall provide innovative tools and services to investigate issues related to contemporary 

societies' economic and societal change. To achieve such a result, referring to RIs in the social 

sciences that make FAIR-type data available is of primary importance. This type of data will 

be obtained by the RIs involved in social sciences coordinated by CNR, namely: 

● CESSDA (Consortium of European Social Science Data Archives) provides the 

scientific community with facilities, tools, datasets, and certified services to conduct 

research activities of excellence in the social sciences domain. 

● SHARE (Survey of Health, Aging, and Retirement in Europe) is an interdisciplinary 

and longitudinal survey on the economic, social, health, and well-being conditions of 

the 50+ population in twenty-seven European countries (plus Israel). 

● RISIS (Research Infrastructure for Research and Innovation (R&I) Policy Studies), 

which provides data and services to support the development of a new generation of 

analyses and indicators for the study of science, technology, and innovation processes 

based on three main perspectives: actors involved to understand the role they play, 

topics addressed to understand the directionality of the R&I efforts, and geography of 

science and innovation. 

FOSSR shall incorporate tools (hardware and software) and methods functional to research 

practices traceable to the paradigms of e-science, behavioural economics, and computational 

social sciences. In operational terms, the functionalities for which important innovations are 

expected are: data collection, data integration, data curation, data sharing, the creation of a 

survey facilitator, the construction of a social listening structure, and the activation of an 

artificial population facility 

In operational terms, this framework should be an integrated knowledge-sharing platform, a 

single point of access to all the tools and services made available by the Italian nodes of social 

science infrastructures. 

FOSSR has the general aim of promoting, towards multiple audiences, widespread knowledge 

and awareness of the data and methodologies employed in empirical social science by providing 

(i) systematic and organised knowledge about available social science data resources in Italian 

data archives; (ii) resources supporting methodological advancement as to data collection and 

data analysis, (iii) tools and services to make publicly available advanced probability panels for 

longitudinal analyses to support important survey The integration of this pool of resources shall 

concretely contribute to the realisation of open science for scholars in social sciences, going 

with an essential program of scientific training for the production and analysis of social science 

based on FAIR empirical data. 

The WP5 focuses on designing and developing a national platform based on a distributed cloud 

computing infrastructure aimed at creating a single integrated system of the national nodes of 

CESSDA, RISIS, and SHARE. 

This document aims to describe the activity 5.5 to the date concerning the modeling of complex 

systems via agent-based modeling. The core topic is the implementation of synthetic population 

and algorithms for synthetic reconstruction. The work of the package conveys the future 
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implementation of software as a service in the FOSSR infrastructure, together with other 

services offered by the project. Activities to this goal are presented. 

The deliverable proceeds as follows: (i) Chapter 2 introduces the topic of complexity science 

and agent-based modelling and their contribution to the FOSSR project (ii) Chapter 3 delves 

into the specific topic of synthetic populations in the FOSSR project (iii) Chapter 4 shows the 

algorithm implemented so far. Finally (iv) Chapter 5 outlines activities and requirements for 

the implementation of algorithm(s) in software as a service in the FOSSR infrastructure, and 

(v) Chapter 6 drives conclusions and outlines the next steps of WP5.5. 

 

2. COMPLEX MODELING AND ARTIFICIAL POPULATIONS FOR THE SOCIAL 

SCIENCES 

 

2.1. The paradigm of social complexity 

 

Most social issues of societies such as segregation or polarization are complex phenomena. The 

term social complexity indicates that these phenomena are the unintended consequence of the 

aggregated behavior of individual citizens and social institutions, which requires thinking of 

the society as a system of interacting components [1], [2], [3]. Understanding the complexity 

of such phenomena points to studying the dynamics of emergence of distributed action [4]. 

Causality of collective phenomena in this framework requires the consideration of at least two 

levels of the dynamic phenomenon: a micro-level of individual actors interacting in a 

constrained context of action, and a macro-level of the emerged observable phenomenon [5], 

[6]. Such ideas of causality that nowadays are fully embraced by academic areas such as 

analytical sociology [5], trace back to the 1990’s with James Coleman boat diagram [6]. This 

metaphor of social macro-phenomena shows how changes in the state of the system at the 

macro-level occur via generative mechanisms of situated action at the lower levels of the 

system, i.e. individual actors who take action to respond to their context (see Figure 1). We can 

describe the micro-macro causal emergence with the example of Schelling’s model, a notorious 

model to explain spatial segregation [7], [8]. The model wants to show how even mild 

preferences for similar ones (e.g. co-ethnics) wanted in the proximal neighborhood can generate 

a high level of spatial segregation due to cascade effects occurring between people relocating 

to satisfy their preferences. The macro constraint in the model is the density of the population 

that affects the distribution of people in space, thus affecting their neighborhood composition. 

At the micro-level, people hold a threshold of the desired percentage of similar ones in their 

proximal neighborhood. Action-formation mechanisms occur when citizens react to undesired 

neighborhoods relocating to a random location. The transformative mechanisms that underline 

the emergence of spatial segregation at the macro-level occur because of the cascade effects of 

the relocation of each individual citizen on the other, accumulating until reaching a tipping 

point where spatial segregation of neighborhoods cannot be reversed. 

https://www.zotero.org/google-docs/?UkCChY
https://www.zotero.org/google-docs/?CfLUvn
https://www.zotero.org/google-docs/?BMIV5j
https://www.zotero.org/google-docs/?BMIV5j
https://www.zotero.org/google-docs/?NV4Azf
https://www.zotero.org/google-docs/?7SK2Jt
https://www.zotero.org/google-docs/?VNJ4MK


 

9 
 

 

 

 

 
Figure 1. Coleman's boat of social mechanisms, adapted from Hedström & Ylikoski (2015) 

 

 

 

2.2. Agent-based modeling for social complexity 

 

The challenge posed by social complexity is that, as Epstein and Axtell stress out, many social 

phenomena are in fact already “emerged” in reality (p. 20) [9]. Therefore, the methodological 

challenge posed by the paradigm is how to reconstruct backward the micro-macro dynamics of 

social emergence so to experiment on them. Agent-based modeling (ABM) is a methodology 

that fits this scope, building artificial societies to study the emergence of collective distributed 

behavior. Constitutive elements of such societies are agents, i.e. virtual objects representing 

social actors such as citizens or institutions [4], [10]. Agents are provided with dynamic and 

stable attributes, along with desires, beliefs, and intentions to interact and adapt to their world 

[11], [12], [13]. The core of agent-based modeling is the interaction between agents as the key 

driver for the emergence of collective and distributed phenomena [4]. Taking the example of 

the cascade effects in the Schelling model described above, interactions at the micro-level of 

agents generate inter-dependent outcomes that, accumulated through time, give rise to macro 

phenomena that cannot be considered scalable attributes of individual agents [14]. Coding is 

fundamental in the translation of these concepts into a running machine to study such dynamics 

[15]. Writing a programming code, modelers can implement parameters for regulating the 

global environment of virtual agents, e.g. density of population, and micro-rules of agents' 

behavior [10], [15]. Outcomes of the interaction properly measured can be collected during the 

execution of the simulation and for all the conditions generated by the intersection of parameter 

levels, i.e. the parameter space [15].  The ultimate goal of the method is to experiment on and 

formalize the dynamics of the micro-macro link of social phenomena as a causal path to social 

complexity. What-if scenarios are an instrument to the case, running the simulation with 

different initial parameter settings, so to formalize what conditions underline what outcome by 

affecting the dynamics of the emergence of the phenomenon [16]. Initial conditions of what-if 

scenarios can be based either on theoretical speculations or empirical observations. 

https://www.zotero.org/google-docs/?PdqdTn
https://www.zotero.org/google-docs/?Fi8RyM
https://www.zotero.org/google-docs/?9Eje07
https://www.zotero.org/google-docs/?chPCHk
https://www.zotero.org/google-docs/?g8N68Q
https://www.zotero.org/google-docs/?WuhtmG
https://www.zotero.org/google-docs/?yhJYbZ
https://www.zotero.org/google-docs/?ONrljM
https://www.zotero.org/google-docs/?FyqKyc
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2.3. Agent-based modeling integration in the FOSSR open-cloud 

 

Agent-based modeling can reply to several inquiries in the social sciences, spanning from 

theory-driven abstract models [17] to data-driven and descriptively detailed models [18]. The 

first set includes the description of social phenomena and the theoretical exposition of their 

dynamics, identifying key patterns in the parameter space [19]. The second set focuses either 

on the causal explanation of a phenomenon in a targeted empirical context, or the prediction of 

future events through the initialization with empirical data [19].2 In both cases agent-based 

modeling can be a useful tool for both theoretical knowledge of social phenomena and for 

policy research [21], being a relevant methodology for the long-term goals of the FOSSR 

project. In post-ante analysis, pilot policies can be implemented in what-if scenarios to test 

scientifically the possible effects of policies, otherwise impossible in the real world without 

consequences to the population. Additionally, ABM can provide knowledge on the dynamics 

of the phenomenon the policy wants to intervene in, being useful for the phase of policy design. 

To sum up, agent-based modeling can be a complementary tool to the FOSSR open-cloud, 

integrating data from the infrastructure in experimental settings so to understand and predict 

the emergence of collective behavior. The implementation of agent-based modelling can be 

particularly useful to test the consequences of policies to be implemented in the Italian context. 

The goal of WP5.5 is to enable the usage of agent-based modeling in the FOSSR infrastructure 

as a service to researchers interested in the amount and diversity of data of the open-cloud. 

Considering the data-driven nature of the FOSSR project, the first concern is to enable agent-

based models representative of the target population, which will be the focus of the rest of the 

deliverable. 

 

3. SYNTHETIC POPULATIONS 

 

Synthetic populations are a set of procedures and practices to ensure that artificial populations 

are representative of the target population [22], [23]. This is a requirement to ensure the 

reliability of the results of policy scenarios from agent-based simulations. The long-term goal 

of WP5.5 is to formalize algorithms to perform initialization of synthetic populations for agent-

based modeling from the data available in the FOSSR server. 

 

3.1. Literature Background 

 

Literature on synthetic populations stems from urban geography, focusing on micro-simulations 

able to reproduce information conveyed in census tract units [24], [25]. Synthetic populations 

 
2
 See the Second Online Seminar FOSSR on Agent-based Modeling and related discussion [20] 

https://www.zotero.org/google-docs/?J0vk0R
https://www.zotero.org/google-docs/?sOfhpL
https://www.zotero.org/google-docs/?eAhrVs
https://www.zotero.org/google-docs/?5hnJ3r
https://www.zotero.org/google-docs/?FPITTE
https://www.zotero.org/google-docs/?HshYqU
https://www.zotero.org/google-docs/?0ehh5h
https://www.zotero.org/google-docs/?XOkbpw
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need to be a simplified representation of the real target population [23]. However, as Chapuis, 

Taillandier, and Drogul stress out in their review [23], the additional value of synthetic 

populations lies in being a “microscopic” (p.1) representation of such reality, meaning that each 

entity of the artificial system (e.g. a single household, person, etc.) needs to hold the attributes 

of its target and that the aggregated distributions of such simulated characteristics fit the 

measures in target data. This richness of information and comparability improves the reliability 

of results from simulation scenarios [26], [27]. Joint distribution of agents’ characteristics is a 

critical topic in this regard, due to the availability of detailed information it provides. 

Historically, the literature identifies two main streams in the implementation of synthetic 

populations (see [23], [28], [29]): 

 

● Combinatorial Optimization: this is the case where all information needed is known 

from data available, for instance, the joint distribution of population characteristics. The 

task of the modeler, in this case, is to scale down the size of the real population to the 

simulation scenario without modifying the percentage representation of each subclass 

of agents' distributions. 

 

● Synthetic Reconstruction: in this case, much information is unknown to the modeler, 

and it needs to be “reconstructed” using estimators computed via additional procedures. 

This is the case, for instance, where joint distributions of agents’ characteristics are not 

available, but aggregated records are available for each independent variable (marginal 

distributions). 

 

A third framework, more recent and less used is that of statistical learning, where the joint 

distribution of agents’ characteristics is computed not from the record of individual agents, but 

from regression models using a probabilistic approach to approximate the aggregated 

distribution of data from which computing the individual distribution of agents (see [30], [31]). 

 

3.2. Synthetic Reconstruction for FOSSR services 

 

As much literature highlights, synthetic reconstruction is the main venue for the synthetic 

population, and we identify it as the most promising approach for FOSSR server service for 

several reasons. First, synthetic reconstruction allows for the generation of new estimated data, 

mainly the distribution of joint characteristics, by integrating independent sources of 

information. This is a scenario very plausible in the FOSSR open cloud due to the abundance 

of different sources of information and different scales. Moreover, once synthetic 

reconstruction allows for estimating the distribution of joint characteristics of agents in an 

artificial population, this can be scaled to every size, allowing for great flexibility in the 

modeling practice. We believe these features of synthetic reconstruction best fit the goals of 

FOSSR's open science mission and build on the potentiality of data available in the cloud server. 

The long-term goals of WP5.5 are therefore to identify algorithms for the extraction of synthetic 

https://www.zotero.org/google-docs/?fA9nw2
https://www.zotero.org/google-docs/?xrc7cp
https://www.zotero.org/google-docs/?WkLFJy
https://www.zotero.org/google-docs/?rBwgf9
https://www.zotero.org/google-docs/?QwQ672
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populations, in particular in the synthetic reconstruction framework,  and enable their usage in 

the FOSSR infrastructure. In the next sections, we show our work done so far in this direction, 

breaking down the first steps of algorithm coding and implementation of the software as a 

service. 

4. ALGORITHMS IMPLEMENTATION 

We describe the planning and current state of WP5.5.3 We envisage the construction of 

algorithms for synthetic reconstruction and complementary methods in a bottom-up style, 

increasing the level of complexity of scenarios the algorithms will be applied to. We show the 

current stage and developments for the implementation of the products of our work in a software 

as a service within the FOSSR infrastructure. 

 

4.1. Iterative Proportional Fitting 

 

4.1.1. Introduction 

 

The Iterative Proportional Fitting (IPF) is the archetypal technique in synthetic reconstruction 

[23], [24] from which further extensions have been developed. We therefore first start from this 

algorithm as the first block of WP5.5 development. The algorithm serves to reconstruct 

integrated data from two independent variables. It is the equivalent of raking in statistics, where 

it is used to provide weights for categories underrepresented in the sample. At the agent-based 

modeling level, the algorithm is used for initialization with joint characteristics not available in 

the data. We choose to start from this algorithm for two reasons. First, despite its simplicity, it 

allows for a new estimation of joint distributions of agents' attributes which can be valuable for 

policy analysis with the simulation method. Second, most of the methods for synthetic 

reconstruction in literature were developed as an extension to the algorithm to overcome its 

limits in terms of its complexity and usability. 

 

4.1.2. Formalization 

 

The Iterative Proportional Fitting takes two sets of data into a contingency table, where the 

independent empirical data are positioned as marginal distributions in rows (variable 1) and 

columns (variable 2). Each resulting cell is a cross-category of the joint distribution of the two 

variables that need to be estimated by updating its value by a weight. This weight, as for all 

cells, is computed in an iterative procedure by rows (r) and columns (c) (see Figure 2). In 

statistical raking, each cell has an initial number equal to the representation of that category in 

the sample, with weights computed out of the known marginal distributions in the population. 

At the ABM level, where the algorithm is used for estimating the percentage of each cross-

 
3
 Software developed to date for the implementation of synthetic reconstruction and validation of the algorithm is 

available at: https://github.com/RoccoPaolillo/IPF_FOSSR5.5.git  

https://www.zotero.org/google-docs/?7EUll5
https://github.com/RoccoPaolillo/IPF_FOSSR5.5.git
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category, the value of each cell can be set to 1. This is a scenario plausible when constructing 

abstract models.4 Starting from the rows, for each cell 𝑥𝑟,𝑐, its weight 𝑤𝑥
𝑟 is computed by 

dividing the target empirical marginal distribution of its row (sum of cells of that row: ∑𝑇𝑟 in 

Equation 1) by the fitted computed distribution of that row (∑𝐹𝑟 in Equation 1). Target and 

fitted distributions are the equivalent of the sum of all cells of that row, which is updated at 

each iteration. Each cell is updated by multiplying its current value by the computed weight. At 

this point, the rows should fit the observed marginal distribution, but also the values of columns 

will be updated to the new fitted marginal distribution, due to the updated cells. The procedure 

is therefore re-iterated by the columns, updating each cell 𝑥𝑟,𝑐 by weight 𝑤𝑥
𝑐 computed by 

dividing the target empirical marginal distribution of its column (sum of cells of the column: 

∑𝑇𝑐 in Equation 2) by the fitted computed distribution of that column (∑𝐹𝑐 in Equation 2). The 

update of columns will then change the fitted marginal distribution of rows again, moving back 

to the computation of weights by rows. The procedure stops when a benchmark chosen by the 

modeler is reached. Several benchmarks can be used (for a list, see [23]); we selected the Total 

Absolute Error (TAE), i.e. the sum of the absolute difference between observed marginal 

distribution and fitted marginal distribution, since it is a simple measure useful to our goal. 

 

 
Figure 2. Iterative Proportional Fitting procedure 

 

 

 

 

 

 

 
4
 It is possible in the code shared, however, to initialize the population of agents with a random distribution 

https://www.zotero.org/google-docs/?4dTLNH


 

14 
 

                            Equation 1 
 

 

                                      Equation 2 

 

 

 

 

4.1.3. Verification and Validation 

 

We implemented the algorithm both in NetLogo and Python, see the next session for more 

details on the process and steps towards the implementation of the software as a service. For 

validation of the algorithm, we used ISTAT data on gender and age distribution in Italy for the 

year 2022.5 The dataset was chosen because it provides both marginal and joint distribution 

data on the two variables, so that it can be used for the validation of the algorithm output. 

Gender had two levels: male and female. Age was an ordinal variable from “0 years old” to 

“100 and more” years old. The code takes the national level of reference and clusters the 

variable age in “0<= 50 years old”, “51 to 80 years old”, and “>=81 years old”. Gender 

categories are unaffected. The algorithm is run over such categories and percentages for each 

crossed category computed. The percentages from the implementation of the algorithm in both 

programming languages were compared with the empirical percentages of ISTAT dataset (see 

Figure 3). The comparison between NetLogo and Python (docking) shows no difference, 

meaning that the algorithm produces the same results. The comparison with ISTAT data 

confirms the algorithm results, smaller differences are due to decimal precision and expected 

in the execution of the Iterative Proportional Fitting (see [23], [24]). 

 

 
5
 

https://esploradati.istat.it/databrowser/#/it/dw/categories/IT1,POP,1.0/POP_POPULATION/DCIS_POPRES1/IT1,22_289_DF_D
CIS_POPRES1_2,1.0 data reported on January 1, 2023. Last check on January 24, 2024. 

 

https://www.zotero.org/google-docs/?U64KQr
https://esploradati.istat.it/databrowser/#/it/dw/categories/IT1,POP,1.0/POP_POPULATION/DCIS_POPRES1/IT1,22_289_DF_DCIS_POPRES1_2,1.0
https://esploradati.istat.it/databrowser/#/it/dw/categories/IT1,POP,1.0/POP_POPULATION/DCIS_POPRES1/IT1,22_289_DF_DCIS_POPRES1_2,1.0
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Figure 3. Validation test: comparison of IPF fitted cross-category percentages with empirical ISTAT percentages 

 

5. DESIGN OF THE SOFTWARE AS A SERVICE 

The activities of WP5.5 head to the implementation of a software as a service (SAAS) where 

users can run algorithms formalized over data from the FOSSR open-cloud to initialize 

synthetic populations. To this goal, WP5.5 will work closely with WP6 and WP7 who are in 

charge of the actual implementation of the physical server. Consultations with WP6 and WP7 

are ongoing. The strategy suggested is that of grey boxes, i.e. to operate independently in the 

development of our algorithms and incorporate them in the open-cloud server once completed 

together with other FOSSR services. We first show a detailed implementation of the algorithm 

and its reproducibility. We then provide an overview of the requirements for the software and 

workflow as expected from the point of view of the user. 

 

5.1. Implementation of the code 

 

In line with FAIR principles FOSSR is built on, we implemented the Iterative Proportional 

Fitting in two open software, NetLogo and Python, for several reasons. NetLogo is a well-

known and extremely user-friendly agent-based simulation platform, coming with an IDE that 

enables coding and a specific language. This reflects the principle of accessibility. Python is a 

high-level general-purpose programming language, meaning it focuses on a high level of 

abstraction and on the programming logic, independent of the hardware component of the 

machine where it is run, and using a language similar to natural human language to increase its 

usability. While each model written in NetLogo will produce an independent software to be 

executed, code written in Python can be collected into a script and be easily incorporated into 
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other source code. Thus, Python offers higher interoperability than NetLogo. Out of this 

characteristic, Python increases the chance of collaboration between WPs for the 

implementation of algorithms in the FOSSR cloud server. We implemented the IPF in both 

languages and made the code available for reusability (see footnote 3). 

In the ipf.py file (in Python), the algorithm is executed by ipf_update function, while in the 

ipf.nlogo file (in NetLogo) by the command block update_weights.  

For both the programming languages, the pseudocode showing the main steps of the algorithm 

is as follows, for details see the repository where code is stored: 

 

CALCULATE TAE 

LOOP IF TAE > threshold:6 

UPDATE ROWS: 

 FOR each cell 

  compute weight by row 

  update cell by weight 

 ENDFOR 

UPDATE COLUMNS: 

 FOR each cell 

  compute weight by column 

  update cell by weight 

 ENDFOR 

UPDATE TAE 

ENDLOOP 

Figure 4. Pseudocode of the Iterative Proportional Fitting implementation 

 

Both NetLogo and Python versions of the code provide a file with data output for the synthetic 

population initialization, in .txt format for NetLogo and in .csv format for Python. 

 

 

 
6
 We set a threshold 0.0001 to be close to 0 
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Figure 5. NetLogo interface for the Iterative Proportional Fitting 

 

 

5.2.  Implementation in the FOSSR Infrastructure 

 

We have formalized the procedure we would expect when using the service provided by FOSSR 

for the extraction of synthetic populations. The expected workflow starts with the user accessing 

the FOSSR web-server, selecting the variables of interest, and asking for the server to run the 

execution of algorithms over the data selected. The workflow ends when the sender receives an 

output with data distribution computed for the synthetic population to be implemented in an 

agent-based model. To enhance the interoperability of the software as a service, the output of 

the algorithm execution should be available in the most common and readable formats, such as 

.csv, .json, or .txt file. The outcome with conditions for the initialization of agent-based models 

should be in such formats to adhere to the principle of interoperability of the FOSSR project. 
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Figure 6. Workflow expected 

 

 

5.2.1. Web REST-API 

 

As for many services of the FOSSR server, the extraction of synthetic populations is expected 

to be run via a Web REST-API once the database with stored data is ready. The current 

implementation of the service and the associated decisions, similar to other web-based FOSSR 

services, falls under the purview of WP6 and WP7, with which we maintain ongoing 

communication. In this deliverable, we present a set of guidelines outlining the anticipated 

objectives for implementing the generated algorithms. 

 

The acronym REST-API stands for Representational State Transfer Application Programming 

Interface and it proposes a set of guidelines for allowing communication between software over 

the Internet for the execution of a task. The endpoints in the workflow expected are the client 

user consumer and the FOSSR server provider. The communication between user and server 

will occur with encrypted requests written in HTTPS (Hyper-Text Transfer Protocol Secure). 

Once the server is implemented, it will be provided with a Uniform Resource Identifier (URI) 

and an encryption security is expected, such as a Secure Socket Layer (SSL), including a 

Certificate Authority (CA) for the identification of the user and to monitor access to the server 

information and services. As a measure of security, asymmetric encryption is advisable. In this 

strategy, the user receives a public key to encrypt their messages from the server, then the server 

uses a private key to decrypt those messages. The GET HTTPS method is expected to retrieve 
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the resources over which the algorithms need to be executed (see fig. HTTP). The request 

should also include a manipulation of the data requested by applying the algorithms provided 

by WP5.5, so to end the procedure with a download to the user of data needed to initialize an 

agent-based model with the synthetic population. Examples of data extraction are the 

percentage distributions used in the verification and validation of the algorithm presented in 

Chapter 4. We expect the Web REST-API to comply with some best practices. These include a 

uniform interface: all requests and responses follow a common protocol via HTTPS messages; 

being stateless: each interaction between client and server is independent of others and complete 

in terms of information to satisfy the client request; cacheable: keeping memory of methods 

used by the client so to retrieve when re-used and facilitate automation of the task.  

 

 
Figure 7. Example of GET HTTPS request 

6. CONCLUSIONS AND STEPS AHEAD 

Agent-based modeling can be a useful method for the long-term goals of the FOSSR 

infrastructure, allowing for the integration of data in simulation scenarios to experiment with 

the emergence of complex phenomena. While this can be useful for testing policies, we should 

guarantee that artificial populations are well representative of the context described by FOSSR 

data. To this goal, WP5.5 delves into the development of synthetic populations within the 

synthetic reconstruction framework, in collaboration with other WPs for the implementation of 

a software as a service in the FOSSR open-cloud. The first step of our agenda, i.e. the 

implementation of the Iterative Proportional Fitting was successful. The next steps are to 

overcome the limits known in the literature of the Iterative Proportional Fitting and that need 

to be accounted for in the long-term usage of the FOSSR open-cloud. First, the Iterative 

Proportional Fitting does not account for nested or multi-layered data, e.g. mapping individuals 

to households or households to neighborhoods [31], [32]. In the recent development of the 

literature, this is addressed via Hierarchical Iterative Proportional Fitting (HIPF) [33]. A 

generalizable implementation of the HIPF is the next step of WP5.5. An additional feature of 

this extension is the explicit spatial representation of agents mapping to GIS units [34]. In a 

further step, the algorithm should account for multiple dimensions that intersect within the same 

individual, a concept known in the literature as dimensionality course (see [35], [36]).  

As for the implementation of the software as a service in the FOSSR infrastructure,  we are in 

contact with WP6 and WP7 while the physical server and the infrastructure are developed. We 

curl -i -X GET \ 
https://api.fossrcloud.com/risis \ 
-H ‘Authorization token: APIKEY xxxxxxxxx’ \ 
-H ‘Content-Type: database/json’ \ 
-d ‘{id: “id”, 
       netincome: timerange, 
       time-start: “01/01/2017”, 
       time-end: “31/12/2020”, 
       country_code = “IT”, 
       address= “00043”} 

https://www.zotero.org/google-docs/?eokPEA
https://www.zotero.org/google-docs/?UgB0dH
https://www.zotero.org/google-docs/?QWszvG
https://www.zotero.org/google-docs/?Ustz07
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will provide the WPs with the algorithms validated. When testing environments are available, 

we envisage test runnings for the user-friendly execution of algorithms, aligning with the 

requirements described above. Additionally, we will make the algorithms we formalize 

available via public repositories, in line with FAIR principles of FOSSR. 
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