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Executive Summary 

The EuropeanCity2 simulation architecture is designed to support innovative research 
into democratic systems through a simulation engine framework. It combines a classical 
agent-based simulation with modular interfaces for classical social choice simulation, 
quantum-informed weighting logic, and Active Inference. The architecture supports 
structured input/output (I/O) processes to allow experimentation across theoretical and 
empirical domains. The Minimum Viable Simulation (MVS) serves as a flexible, 
extensible platform that supports a modular architecture of voting models, preference-
formation mechanisms, and real-world democratic experiments. 

The current version of the Spec integrates the original system design with updates from 
project partners received through written comments and several feedback sessions. 
This document represents the consensus regarding the goals, technical implementation 
and expected use cases for the simulation. 
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Abbreviations  
 
ABM Agent based modelling 

ActInf Active Inference Team 

All All parterns on the project 

D Deliverable 

EC European Commission 

LLM Large Language Model 

LLMs LLM Team 

QV Quantum Voting 

Sim Simulation Team 

SC Steering Committee 

SCT Social Choice Team 

WP Work Package 

WT Work Task 
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1.1 Simulation Objectives and Example Use Cases 
The simulation is designed to: 

∉ Serve as a testbed for behavioural dynamics by modelling agent preference 
formation, communication, and voting behaviours across different 
theoretical paradigms, including classical Social Choice Theory, Cognitive Science 
and Cultural Evolution. 
 

∉ Integrate a range of methodologies, such as Active Inference for modelling 
cognitive processes underpinning decision making, LLMs for seeding individual 
preference profiles, and quantum logic for deriving weight configurations that 
enable fairness properties in democratic models. These methods will be deployed 
individually and in combination. 
 

∉ Support real-world validation and pilot testing in governance contexts (e.g., 
participatory budgeting). 
 

∉ Inform policy and stakeholder engagement through interpretable outputs 
and trust indicators. 
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 Description Use Case 

Model 1: 
Quantum 
Voting 

Uses quantum theory to determine initial voter 
weightings that satisfy fairness criteria such as Arrow’s 
conditions. These quantum-derived weights are then 
applied in classical simulation to explore democratic 
outcomes under different ethical assumptions and 
institutional setups. 

⚛ Quantum Voting 

Model 2: 
Belief 
Dynamics 

This model simulates dynamic preference evolution, 
balancing altruistic tendencies with self-interested 
strategies, as “toward” and “away” movements 
influenced by social forces and psychological 
behaviours. 

🧠🧠 Active Inference 

Model 3: 
Option 
Generation 

Generates diverse option profiles tested in public 
consideration processes and shaped by participatory 
practices such as sortition or citizen assemblies. 

🗳🗳 Deliberative 
Scenario Design 
🏛🏛 Policy 

Model 4: 
Election 
Setup 

Coordinates the foundational aspects of the democratic 
process, establishing the timing and protocols for 
elections. 

🗳🗳 Institutional 
Design Stress Test 
🏛🏛 Policy 

Model 5: 
Voting Models agents’ voting decisions using active inference 

and other cognitive frameworks. While the simulation 
runs classically, voting weights may be precomputed 
using quantum methods to explore the impact of 
alternative weight assignments on decision outcomes 
and strategic behavior. 

🧠🧠 Active Inference 
⚛ Quantum Voting  

Model 6: 
Election Aggregates weighted preferences into collective 

outcomes using various voting mechanisms. Explores 
how quantum-derived voter weights can influence 
classical election dynamics and challenge traditional 
assumptions like the median voter theorem, without 
requiring direct quantum state manipulation in the 
simulation." 

⚛ Quantum Voting 

Model 7: 
Exogenous 
Change 

Incorporates the dynamism of democracy by factoring 
in the impact of unexpected events and election results, 
reflecting the adaptive capacity of the agents in our 
simulations. 

🗳🗳 Institutional 
Design Stress Test 
🏛🏛 Policy 

Table 1. Models and their descriptions. 

1.2 Research Questions 
Throughout the discussions, the following research themes repeatedly emerged as the 
top lines of enquiry for the simulation. While the high-level goals and research 
questions of the project are defined in the Grant Proposal, the themes captured 
here concretise them to the level of individual research outputs and simulation 
scenarios. The categories below include substantive and methodological questions. In 
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parentheses, we indicate the team whose expertise aligns most closely with each 
research question; this is a preliminary assignment of responsibility and should be seen 
as a starting point for task division and RQ refinement. Acronyms are explained in the 
table below. 

∉ 1. Voting Systems and Aggregation Mechanisms 

This category explores how different voting rules, aggregation strategies, and 
preference structures shape democratic outcomes, satisfaction, and fairness. It includes 
classical and quantum voting models and seeks to identify optimal mechanisms under 
varied conditions. 

● (Sim + SCT) How do different voting aggregation methods affect democratic 
outcomes and agent satisfaction? What voting systems maximise aggregated 
utility under varying success measures, e.g., fairness, efficiency, inclusion of 
minority perspectives and equity (see D2-1 Framework Document. Sect. 4.5 for 
definitions)? 

● (ActInf, Sim) What types of voting methods, given different types of preference 
distributions, are more likely to produce robust and fair results? (Voting system 
- society fit) How can preference distributions benchmark voting method 
performance under differing scenarios of information availability and acquisition? 

● (QV) How does quantum quadratic voting perform vs. classical quadratic and 
1p1v systems under different success measures? Can quantum voting reduce 
strategic voting/distortion compared to classical models? (See D2-1. Framing 
Document for definitions) 
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2. Dynamics of Democratic Behaviour and Polarisation 

These questions focus on the evolution of agent behaviour, adaptation, and societal 
polarisation within democratic systems. The goal is to understand how individual and 
collective patterns develop over time, with differing information flows, and in light of 
external events. See the table below for acronym definitions.  

● (Sim, ActInf) What feedback loops or learning mechanisms promote voter 
adaptation, engagement and consensus and reduce polarisation in democratic 
systems? 

● (ActInf) How do voters shift from moderate to fringe views and vice versa? What 
is the balance between individual psychological processes and societal influence 
dynamics? 

● (Sim, All) How do exogenous events influence electoral dynamics? 
● (Sim) Can simulations reveal the tipping points where democratic dynamics shift 

across preferences, opinions, level of polarisation and other societal transitions? 
● (ActInf) What types of generative models based on which preferences are formed 

produce the most accurate predictions of agent behaviour? 

3. Trust, Participation, and External Influences 

This category investigates the external and psychological factors that influence 
engagement with democratic systems, including trust, turnout, and reactions to 
significant political or societal events. 

● (ActInf) What factors, such as trust, affect turnout, especially among disillusioned 
or marginalised groups? Is there a trust threshold that is needed to maintain 
engagement? 

● (LLMs) How do data biases impact the validity of simulated election outcomes? 
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1.3 Distribution of Responsibilities 
 

Team Function Decider 
& co-
decider 

Supporte
d by 

Contact 
person 

Hybrid Core (HC) Implementation of the simulation architecture 

Implementation of experiments 

Interfacing between groups and the simulation 

Output data analysis & visualisation 

Estimations of time and computational costs 

HC 

Sim 

HC 

Sim 

HC 

Sim, ActInf 

All 

Sim 

Sim & All 

Nikola 

Active Inference 
team (ActInf) 

Definition of generative models and inference 
mechanisms 

Integration into the simulation 

ActInf 

 

HC 

QV, Sim 

 

HC 

Nicolas 

Social Choice 
Theory team 
(SCT) 

Hypothesis generation 

Literature review 

SC 

All 

All Josep, 
Rafa, 
Michal 

LLMs team (LLMs) Preference data generation from empirical data 

Other uses of LLMs in the simulation 

LLMs 

LLMs, 
SC 

Sim Kenneth 

QV team (QV) Quantum encoding and entanglement structures 

Quantum simulation 

Integration into the simulation 

The interface between Quantum and Classical 

QV 

QV 

HC 

Sim, QV 

QV 

QV 

Sim & SC 

Eliahu, 
Yelena 

Simulation team 
(Sim) 

Architecture Design 

Experiment Design 

Data coordination 

Validation 

Coordination & management TBD 

All 

SCT, 
Sim 

Sim 

Sim 

SC 

Al 

All 

SC & LLMs 

HC 

SC 

Jan, Iza, 
Nikola 

Other teams (All) Research question generation 

Feedback  

SC 

Sim 

Sim & SC WP leads 

Steering 
Committee (SC) 

Strategy and Objectives 

Resource Allocation 

SC 

SC 

All 

HC 

Luis & 
Kristoffer 

Table 2. Distribution of responsibilities.  
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1.4 System Architecture 
Link to the Domain Model graph  

 

1. Agent 

An autonomous computational entity that represents an individual within the electoral 
system. Each Agent maintains internal belief states, preferences, group affiliations, and 
network connections while interacting with its social environment through a series of 
defined behaviours. 

Attributes 

● preferences: Multi-dimensional parameterised probability distributions 
representing the agent's value system and decision priorities 

● beliefs: Multi-dimensional parameterised probability distributions representing 
the agent's model of the world and factual understanding 

● memberOf: References to Group entities that the agent belongs to, enabling 
group-based behaviours and identity effects 

● connectedTo: Network of relationships with other agents, representing the 
agent's social graph 

● attributes: individual agent’s characteristics (e.g., age, location, employment 
status); defined in experiment design 

● indGravitas: individual agent’s influence and/or voting weight 

Methods 

● perceive(): Updates the agent's internal state based on environmental stimuli 
and events 

● learn(): Adapts the agent's generative model through experience and feedback 
mechanisms 

● forecast(): Predicts potential outcomes of different actions based on the current 
belief state 

● updatePreferences(): Modifies preference distributions in response to new inputs 
or experiences 

● selectAction(): Determines optimal behaviour from available options based on 
the current internal state. This function supports modelling correlated and 
probabilistic agent behaviour. 

● initiateComms(): Establishes bidirectional communication with another agent or 
group 

● broadcast(): Transmits unidirectional information to a targeted group 
● receive(): Processes incoming communication from external agents or groups 
● collapsePreferences(): Resolves probabilistic preference distributions into 

discrete decisions (using classical or quantum decision models) 
● vote(): Cast a vote based on collapsed preferences 

2. Group 

A collection of agents united by common attributes, interests, or organisational 
structures. Groups serve multiple functions, including demographic classification (e.g., 

https://www.mermaidchart.com/app/projects/bed354cc-7cc0-49fb-9229-d8dbbeb2b75a/diagrams/4e5eb6aa-0e81-4341-94a3-79b1c79f2547/version/v0.1/edit
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agents in the same age group), ideological clustering (e.g., agents with specific political 
views), intentional associations (e.g., members of a party or a neighbourhood 
association), and specialised agent types with extended capabilities (e.g., agents 
representing media). 

Attributes 

● attributes: Group-level characteristics defining the collective identity (e.g., 
ideology, purpose, function); defined in experiment design 

● members: List of agent IDs belonging to this group 
● aggregations: Statistical measures and summary data derived from member 

attributes; defined in experiment design 
● gravitas: Quantified influence metric determining the group's impact scope and 

strength 

Methods 

● broadcast(): Transmits unidirectional information to a targeted group 

3. Proposal 

Represents a potential policy, decision, or ballot measure that can be voted upon. 
Proposals are created by agents or groups and become the subject of votes. 

Attributes 

● attributes: Specific characteristics of the proposal, including policy parameters, 
budget implications, and scope; defined in experiment design 

4. Election 

A decision-making event where agents express preferences on proposals through voting 
mechanisms. 

Attributes 

● date: Simulation time step for when the election occurs 
● type: Election format (e.g., referendum, representative, QV) 
● stages: Number of phases of the electoral process 
● alternatives: Available options for voter selection, i.e., the ballot options 

Methods 

● calculateResults(): Aggregates individual voting decisions into collective 
outcomes using configurable electoral systems 

5. Event 

An internal or external input that can influence agents’ beliefs, preferences, or 
behaviours. Elections are a type of event.  
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Attributes 

● date: Simulation time step for when the event occurs 
● targetGroup: Scope of the influence on agent states 
● impact: Magnitude of influence on agent states 

6. Polis 

The overarching formal entity and its political system that encompasses all agents, 
groups, proposals, and elections. It serves as the environment controller for the 
simulation. 

Attributes 

● NAgents: Total number of agents within the system 
● eventSchedule: Scheduling for when events occur; includes elections 
● time: Current simulation timestamp 
● PerceivedFairnessScore: Outcome measure, mean perception of the election 

fairness  
● TrustIndex: Outcome measure, mean utility of the election results  
● aggregations: Other outcome measures, e.g., average preferences, level of 

polarisation, etc 

Methods 

● chooseVotingSystem(): Configures the electoral mechanism for upcoming 
elections 

● holdElections(): Initiates and manages the election process 
● broadcast(): Transmits unidirectional information (e.g. about election results) to 

a targeted group 
● calculateFairnessScore(): Computes a measure of how fair or representative the 

election results are, in terms of vote distribution, representation across 
demographics, and by comparing outcomes to population preferences. 

● calculateAggregatedScores(): Computes other outcome measures 

1.5 Data Inputs  

Simulation data 
This includes any data ingested into the simulation.  

● Plausible preference profiles will be externally generated from social media data 
using LLMs.  

● Different types of voting routines and election types will be derived from existing 
literature (see docA, docB). 

Calibration & Experiment Design data 
This data informs the parameter values. They can be fixed (calibrated from data) or 
tested across a range of values.  

https://europeancity2.slack.com/files/U08ATQHKLHG/F08J4363AUX/databases_on_voting_systems_eucity2.docx
https://europeancity2.slack.com/files/U08ATQHKLHG/F08G6QJTCE9/literature_review_outline_20250305.pdf
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Randomly generated or systematically sampled values, e.g., random initial 
preference profiles or frequency of information exchange will be used in abstract 
scenarios.  

Existing census data, e.g., the size of the electorate and demographic distributions, 
will be used in scenarios aiming at realism (AU Kommune, DK_statistik and others).  

Network structures - abstract but empirically informed network topologies, such as 
the small world.   

Validation data 

This data is a benchmark to which we compare simulation outputs to determine whether 
the parameters and scenarios tested represent a possible approximation of reality. We 
recognise that validation complexity is a particular challenge that will require additional 
strategy.  

● Exit polls and data on previous elections (e.g., The Danish Election Database, 
Eurostat Database, Europe Elects Database and others) 

● Results from experiments conducted by the Aarhus City Council partner.  

1.6 Outputs and Analysis 

Simulation Outputs 

● Voting results 
● Preference evolution over time 
● Agent-level and system-level statistics, e.g., number and types of decisions 
● Degree of fit with validation data 

Output Performance Metrics 

● Polarisation and extremism of preferences and outcomes 
● Social performance metrics (average utility, fairness) and their distribution 

among different demographic segments of society 
● Trust scores and legitimacy indicators 
● Participation and engagement rates 
● Divergence between expected and actual election outcomes 

Output Handling 

● Configurable CSV exports 
● Reports that query events that happened during the simulation 
● Data piped into visualisation tools, including the Simulation Player which shows 

replays of a simulation scenario   

 

1.7 Detailed Technical Requirements 

https://www.opendata.dk/city-of-aarhus
https://www.dst.dk/en
https://valgdatabase.dst.dk/?lang=en
https://ec.europa.eu/eurostat/web/main/home
https://europeelects.eu/
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Example Simulation Use Scenarios 

∉ 🧠🧠 Active Inference: Load preference profiles → inference engine simulation → test 
intervention parameters → compare with election outcomes.⚛ Quantum Voting: 
Generate classical agent data → pause at election → transfer preference distributions to 
quantum simulation → receive and integrate quantum voting outcomes back into the 
simulation. 
 

∉ 🏛🏛Policy: Calibrate the model for a realistic simulation of a municipal process (e.g., 
participatory budgeting, a citizen assembly or participatory design process where agents 
collectively generate proposals) → evaluate how diversity and inclusivity influence the 
option space → test various scenarios of information and influence flow → track how 
they impact later voting behavior → compare simulated participation and trust outcomes 
to real-world events. 

∉ 🗳🗳Institutional Design Stress Test 

Compare different election designs (e.g., frequency, voting mechanisms, number of 
proposals) → evaluate system efficiency, legitimacy, and strategic behaviour under 
different scheduling constraints. 

Functional Requirements 

∉ Probability distributions must be supported for representing preferences.  

Specifically, in the context of active inference, there is a canonical way to implement 
preferences: a probability distribution over possible observations of states in the 
environment, with higher probabilities corresponding to higher preferences. If the 
observations/states in question are categorical (which is easiest to implement), this is 
a categorical probability distribution. - Peter Thestrup Waade, ActInf 

∉ Support for event-driven dynamics, including political or environmental 
changes.  

Simulation must support functional integration of perception and action modules, that 
is,  agent beliefs and preference updating based on external events, election 
outcomes and other sources of input. Evolution of the environment, social and non 
social has to be included in agents mental representation. Thus, it should allow for 
feedback loops—agents must adapt based on prior voting experience. The 
simulation architecture should support the coexistence of fixed, externally derived 
voting weights (e.g., quantum-informed) with dynamic agent behavior and preference 
evolution, e.g., via Active Inference or another source. 

∉ Modular temporal structure that allows for flexible interfacing between the 
simulation and Quantum and Active Inference engines 

Design time-stepped simulation with configurable event scheduling. While Active 
Inference may require runtime integration, quantum modules primarily act as pre-
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simulation solvers for deriving voter weights that ensure desired fairness 
properties.Quantum Engine: Used as an offline component to derive initial voter weight 
distributions satisfying fairness criteria (e.g., Arrow’s conditions). These weights are 
then imported into classical simulation. No live encoding or entangled measurement 
occurs at runtime. 

∉ Agents' internal models update functions must interface with different inputs 

Agent Cognition should be modelled using built-in algorithms and off-the-shelf 
libraries to enable flexible implementation of cognitive models for preference formation 
and decision-making. Support randomness and correlated agent behaviour (both 
classical and quantum). 

∉ Preference for modular, swappable voting routines, preference collapse 
functions, network topologies, and event scheduling 

This includes support for multiple voting mechanisms and vote aggregation 
methods, including QV, plurality, ranked-choice, and proportional representation. 
Similarly, ensure support for different network topologies for agent connectivity with 
homophily parameters to enable modelling of social network dynamics. 

∉ Comprehensive data collection 

Implement comprehensive logging of agent states, decisions, and system-level metrics 
that will support data collection across a range of scenarios. Ability to track perceived 
fairness, trust, and participation as output metrics. 

Technical Requirements 

∉ Support for multi-dimensional arrays (e.g., preferences, belief states, etc). 
∉ Interface for plug-and-play ActInf engine and I/O interface with QV 

engine at defined pause points. 
∉ Documentation that includes a flow diagram with annotated objects and data 

types. 
∉ Well-structured CSV-style I/O available at different moments in the simulation 

that is clear, documented, and structured. 

Interfaces 

● Classical Social Science Interface: Provides scenario description → runs the 
full simulation → receives output measures 

● ActInf Interface: Accepts preferences from the simulation → runs an internal 
model in a container → returns updated belief/preference state into the 
simulation; Active Inference operates as a runtime inference engine. Each 
agent uses Active Inference to update its beliefs and preferences based on 
environmental input, previous experiences, and internal goals. These updates 
drive behavior (e.g., voting) within the simulation. This process is independent 
of how initial voting weights are assigned (e.g., via quantum or normative 
models). 
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● Quantum Interface: Accepts structured preferences from the simulation, e.g., 
at the election pause point (incl. At the beginning of the process) → returns 
outcome back into the simulation 
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