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Abbreviations

D Deliverable

EC European Commission

WP Work Package

WT Work Task

GUI Graphical User Interface

LLM Large Language Models

SVRE Simulation Visualization and Replay Environment
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1 Overview

The Simulation Visualization and Replay Environment (SVRE) is a modular software framework
designed for the creation, execution, and analysis of agent-based simulations. It provides an
integrated environment that enables users to model complex systems and socio-technical processes
through the definition of autonomous agents and their interactions within a dynamic environment.
Typical use cases include political, economic, or organizational scenarios where multiple
heterogeneous actors interact based on configurable behavioural rules.

At its core, the system adopts a dynamic ontology-driven architecture, allowing the flexible definition
and evolution of agent structures and relationships. This architecture supports semantic consistency
across simulation components while enabling high levels of customization. Users can define or
modify agent classes (e.g., voters, political parties, institutions) and their associated properties, such
as preferences, decision rules, or interaction networks, directly within the platform.

A key innovation of the SVRE is its integration with Large Language Models (LLMs) for automated
agent and property generation. Through the system’s graphical user interface (GUI), users can
configure LLMs for data generation, prompt design, and fine-tuning to produce realistic agent profiles
or behavioural attributes. This hybrid approach significantly reduces manual data preparation efforts
and enhances the representational richness of simulation models. Alternatively, users may import
pre-defined agent data or attributes via structured formats such as CSV or Excel files, ensuring
interoperability with external datasets or analytical workflows.

The results of simulation runs are captured and rendered through a dashboard-based visualization
and analytics layer. Users can track temporal dynamics, compare scenario outcomes, and perform
post-simulation analysis using predefined visual components or custom-built dashboards. The
system supports custom dashboard creation, enabling domain-specific visualization of indicators
and metrics relevant to decision-making or model validation.

Overall, the SVRE provides a robust and extensible infrastructure for agent-based modelling,
simulation management, and result analysis, bridging the gap between human expertise and
machine intelligence in complex decision environments.

2 Objectives

Objective of this deliverable is to establish the Simulation Visualization and Replay Environment
(SVRE) prototype as the operational interface for scenario creation, execution, visualization, and
replay, ensuring both the technical and analytical components of the HYB simulation ecosystem
function cohesively.

3 Description of Work

The work package involves the integration of developed simulation components and data models
into a unified and extensible architecture. The SVRE provides a modular, ontology-driven
environment where users can define, configure, and deploy simulation scenarios involving
heterogeneous agents such as voters, political parties, or institutions.

The framework’s dynamic ontology structure ensures semantic consistency and interoperability
between agents and datasets, facilitating the transition from conceptual simulation models to fully
executable systems. This enables flexible customization of agent attributes, behaviours, and
interaction rules to suit various modelling contexts.

A key enhancement is the integration of Large Language Models (LLMs) for automated agent and
property generation. Through the SVRE’s graphical interface, users can configure LLMs to produce
diverse agent types, behavioural parameters, and environmental factors based on natural language

Page 5 of 15



HORIZON-CL2-2024-DEMOCRACY-01, EuropeanCity2, 101178170 D6.1

prompts or predefined templates. Alternatively, structured datasets (e.g., CSV or Excel files) can be
imported to define agent properties and environmental parameters, ensuring interoperability with
external data sources.

A distinctive and innovative component of the framework is its simulation replay capability. This
function allows users to record, review, and analyse simulation runs post-execution, offering detailed
playback of agent behaviours, interactions, and key decision events. Replay functionalities are
essential for model validation, debugging, comparative scenario analysis, and enhancing the
transparency and reproducibility of the simulation process.

Simulation outputs are visualized and analysed through a dashboard-based analytics layer. Users
can monitor performance metrics, explore temporal trends, and compare simulation outcomes
across scenarios. Moreover, the SVRE allows users to design and customize dashboards, enabling
domain-specific visualization and reporting aligned with the analytical needs of researchers, policy
analysts, or decision-makers.

4 Key Results

Integration of Agent-Based and RL Simulation Core: The HYB framework now incorporates both
agent-based and reinforcement learning mechanisms, enabling adaptive and goal-oriented
simulation behaviours.

Dynamic Ontology Framework Implemented: A flexible ontology system ensures semantic
interoperability and scalability across diverse simulation datasets.

LLM-Driven Agent and Property Generation: Integration of LLMs facilitates automatic creation
and configuration of agents and properties, reducing setup complexity and enhancing
representational fidelity.

Data Import and Interoperability: Support for structured data inputs (CSV, Excel) allows seamless
integration with external data sources and prior work packages.

Simulation Replay Capability: A full replay mechanism enables recording, playback, and detailed
analysis of simulation dynamics, improving transparency, repeatability, and validation processes.

Customizable Dashboard Analytics: Users can design and manage personalized dashboards for
visualizing outcomes and key performance indicators, facilitating targeted analytical insights.

5 User Features and Interface Capabilities

This section describes the main user-facing features and interface capabilities of the simulation and
visualization platform. Each component provides a specific functionality for scenario design, data
integration, simulation execution, and result analysis. Together, they form an integrated workflow
from scenario definition to interactive visualization and reporting.

5.1 Select scenario template

The user interface allows users to select from a set of predefined scenario templates. These
templates represent pre-configured models or simulation structures that serve as starting points for
different use cases, such as political behaviour modelling, social network analysis, or policy impact
simulations. Each template defines initial conditions, agent categories, ontology elements, and
visualization parameters that can be further customized within the environment.
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Select Template

Please select a template to create  scenario

O EC2scenario

O TestTemplate

Figure 1. Select scenario template

5.2 Scenario template creation screen

This screen enables users to create and configure new scenario templates. Users can define agent
classes, interactions, and structural parameters that can later be reused across multiple simulations.
The interface provides form-based configuration tools and ontology integration to ensure semantic
consistency between different scenario components.

= Edit Scenario Template ® o X
NAME

EC2Scenario

ENVIRONMENT TYPE

ABSTRACT

AGENTS

Select object templates to include in the scenorio.

Name Description Team

REPORTS

Select report templates for your scenario. @ Add

name.

No rows

Figure 2. Scenario template creation screen

5.3 Scenario definition list

The scenario definition list provides an overview of all available scenarios in the system. Each entry
includes metadata such as scenario name, type, creation date, and associated datasets. Users can
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filter, sort, and select scenarios for further editing, duplication, or execution. The interface supports
quick access to scenario configuration and execution modules.

= scenario Definition List o o A

L
Q 1= () =]

i

® Scenario Template start Time £nd Time Version status
- 78570574-0980-ddat-Gfa5-049€09683094 29/10/2025 00:00 28/10/2025 0200 o

3 78570574-0980- ddat-afo5-049e09583094 26/10/2025 00:00 28/10/2025 06:30 o

® 78570574-0980- adat-6fa5-049609683694 27/10/2025.00:00 27/10/2025 0200 o

= 78570574-0980-adal-al05-049e09683094 24f10/2025 00:00 2a/10/2025 0030 o

Rowsperpoge: 50~  I-dof4

Figure 3. Scenario definition list

5.4 Scenario creation screen

The scenario creation screen allows users to define new simulation scenarios from scratch or modify
existing templates. Users can specify the agent population, behavioural rules, simulation duration,
and environmental parameters. Additionally, LLM-based agent generation tools can be invoked to
automatically create realistic agent attributes or interactions, based on user-defined prompts or
contextual data.

= Gditscenorio st scenro oo 4

BLUETEAM  REDTEAM  @REPORT @ SETTINGS

candidate®  fection®  party®  voter®

© Used Agents 10 ® seteopuationcoa (NI

(m]

i ® e ¥ ® = =

+ Agent Generators
Name Count  Saritime  age educationL.. gender  gravitas | groups incomeleval location  name  occupatiori party preferences religion  startfime  sumame  startTime

Candidates 10 4 o o ® 7 0

 Unused Agents

Figure 4. Scenario creation screen
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5.5 Population import from CSV

The platform supports bulk population import through structured files such as CSV. This functionality
enables users to load large datasets containing agent properties, demographic variables, or
behavioural parameters. The system automatically validates and maps imported data to the ontology
schema, ensuring consistency and correctness before simulation execution.

Add Agents from File X

» Nome core LM Mode! s
cb35a77b-8bcc-4a4b-994'  Candidates 10 GPT-4o (simpl. ~  Candidates.csv Update

CandidateCataloguelnstance

Policy Field Description

location  ~

name

string <entityld> - party
preferences * composite-ist <i - preferenc.. ~
religion

startrimo * STATIC

sumame * i FILE - sumame  ~

CandidateC:

ancel

Figure 5. Population import from CSV

5.6 Creating individual agents

Beyond bulk import, users can manually create individual agents through the GUI. This feature is
useful for adding specific actors or testing custom agent configurations. Users can define agent
attributes (e.g., demographics, affiliations, preferences) and behaviours directly or generate them
through LLM-assisted configuration tools integrated into the interface.

= cditscenario  smolscanaro < oo
5 BLUE TEAM RED TEAM @ REPORT & SETTINGS
: candidate®  Election®  Pary®  vorer®
i
® ~ Used Agents 1o ® setPopulation Goal ® Add.. ~
% O  Neme startTime color gravitas name startTime

O social Democrat s QD o #083625 Social Demo.. 0 B s e
3 O venste @D 0 #1a4289 Venstre 0 oD /s O
® O conservat tives QD o #739152 Conservatives 0 oB s e

Rowsperpage: 100~ 1-30f3

Rowsperpage: §+v  0-00f0

Figure 6. Creating individual agents

5.7 Configuring streaming data report for a scenario

Users can configure real-time streaming data reports that monitor ongoing simulations. This module
allows users to select which variables or indicators to stream (e.g., vote shares, opinion shifts,
interaction frequencies) and define update intervals. The streamed data is visualized through charts,
dashboards, or exported in structured formats for further analysis.
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EDIT FILTER

Name

ONE_PERSON_ONE_VOTE[Bluelagg(NULLNULLCOUNT)

O Auto-generate the name

Action Type
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Team
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Dimensions

eventagents )

Operator

COUNT
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Figure 7. Configuring streaming data report for a scenario

5.8 Creating individual agents

Beyond bulk import, users can manually create individual agents through the GUI. This feature is
useful for adding specific actors or testing custom agent configurations. Users can define agent
attributes (e.g., demographics, affiliations, preferences) and behaviours directly or generate them
through LLM-assisted configuration tools integrated into the interface.

= Simulation Experiments 0 o A
oot Range seonario exee
Search Q || status v || =l B || Setect. Select.

Name scenario Execution Experiment  Start Time startod By status
With Report Small Scenario tj-Ob{CBIOB-Gbab-48d4-9700-CadbITBAGebS o 2/10f2025 1122 nikolagrunchevski@.. S~ > B ®
smoli scenarlo_29102025T1438 small scenario Koey-89560443-e208-dee7-b26d-adacecBallc o 29/10/2025 15:38 nikolagrunchevsi@.. > B @®
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Agent nome trial tod MUP scenario hiro-99586abb- 46 3- 4294-0083-6fb0e0Cd29 o 28102025 1723 mehmetozturkghybr. R ®
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Figure 8. Creating individual agents

5.9 Summary report from streaming data

Following simulation execution, the system automatically generates a summary report based on the
collected streaming data. The report includes statistical summaries, key indicators, and graphical
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representations of simulation outcomes. Users can export these reports or customize them through
the dashboard interface for documentation and comparison purposes.

# o X
Scenario Execution Summclry Report %
Select.. Select..
One Person One Vote 1o
candidate-generated-9
ted By Status candidate-
la.grunchevski@.. > B @
|G.gFUF‘IChEVS|(i@... - 3 @ @ candidate-generated-7 14
candidate-generated-6
candidate-generated-1 12
la.grunchevski@.. P B @
la.grunchevski@.. : > B ®

Figure 9. Summary report from streaming data

5.10 Dynamic ontology screen

The dynamic ontology screen provides an interactive interface for ontology management. Users can
view, create, and edit ontology elements such as entities, relationships, and attributes. This ensures
semantic alignment across all simulation components and facilitates data interoperability between
different modules. Ontology modifications are automatically propagated throughout the system to
maintain model consistency.

A

= + Add Template

RootTemplate

Group Election Voter

Party Candidate

Figure 10. Dynamic ontology screen
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5.11 Sample Dashboard: Election map

Users can visualize election results on a geographic map representing the city, segmented by
postcode. Each region is color-coded according to the political party that received the highest
number of votes. On the right panel, a data table lists all candidates along with the total votes they
earned.This visualization provides an intuitive geographic overview of electoral dynamics and
regional voting patterns.

Henry Rogers 1.6% 4]

Denmark Democrats
Scope: All

James Harris
Social Democrats.

Layla Harris
Venstre

Scarlett Thomas
Liberal Aliance

Amelia Carter
Venstre

Luna Turner
Denmark Democrats

Lucas Hall
Social Democrats

Hannah Thomas
Conservatives

Chloe Evans
Denmark Democrats

Hannah Wright
Red-Green Alliance

Harper King
Red-Green Alliance

Amelia Phillips 2
Liberal Alliance

Figure 11. Sample Dashboard: Election map

5.12 Sample Dashboard: Election map info per region

The election map is interactive. Users can click on any region (postcode) to display detailed data
specific to that area. The information panel updates dynamically, showing local candidate
performance, vote distributions, and other region-specific metrics. This feature enables localized
analysis and supports spatial exploration of voter behaviour.
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Election Map VAA & Voting Results
Amelia Carter

Venstre

Scope: 8660
Lucas Smith
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Michael Johnson
Conservatives

Riley Young
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Luna Turner
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Layla Harris
Venstre

Scarlett Thomas
Liberal Alliance

' Mia Davis
Moderates.

Emma Green
Social Liberals

Carter Adams 2
The Alternative

Ella Wilson
Conservatives

Liam Campbell
Conservatives

Figure 12. Sample Dashboard: Election map info per region

5.13 Sample Dashboard: Election map with charts of results per
candidate and per political party

The dashboard allows users to add analytical charts to visualize results per candidate or per political
party. These charts can be configured to display either overall results or data filtered by region. This
feature supports comparative analysis between parties and candidates and provides a multi-
dimensional understanding of election outcomes.

Election Map VAA & Voting Results
1-25/100 )

Scope: All
57473 95 72y 7170 70 70 69 69 69 _
66 66 66 65 65 g4 64

s1agoy Aiuay

Red-Green Alliance: 9.6%
Schleswig Party: 9.6% —\ /_ Green Left: 11%
Venstre: 8.3%
N T _ -~ Denmark Demacrats: 12.5%
Liberal Aliance: 7.5% ——__ i

Social Liberals: 6.8% ———— »—— Conservatives: 12.5%

Social Democrats: 6.3% ——

The Alternative: 5.7% —— ’

Danish People's Parly: 5.5% A
Moderates: 4.6%

Page 13 of 15




HORIZON-CL2-2024-DEMOCRACY-01, EuropeanCity2, 101178170 D6.1

Figure 13. Sample Dashboard: Election map with charts of results per candidate and per political party

5.14 VAA candidate test visualization

The system enables the visualization of four-dimensional (4D) data within the simulation
environment. One of the key visualization components focuses on the Candidate Test (Voter Advice
Application — VAA).

In this visualization, the left panel displays all political parties represented through a radar graph,
allowing users to compare their multidimensional positions based on various policy dimensions or
test parameters. On the right panel, the user can select a specific question from the candidate test.

Once a question is selected, the visualization dynamically shows the distribution of votes: it illustrates
the percentage of each party’s voters who gave the same response to that particular question. The
system categorizes responses into four options, agree, strongly agree, disagree, and strongly
disagree, providing an intuitive overview of voter alignment patterns across different political entities.

VAA & Voting Results.

Voting Advice Application (VAA)

Question:

10. Judicial reform and Supreme Court app..:
Venstre Conservatives Green Left
Legend:

Strongly Disagree Strongly Agree

Disagree

Liberal Alliance The Alternative Denmark Democrats Moderates

1-12/12

Figure 14. VAA candidate test visualization

5.15 VAA candidate test visualization question selection

The system includes an interactive question selector that allows users to change the question
displayed in the VAA visualization. Through a combo box interface, users can switch between
different candidate test questions in real time, enabling exploration of voter alignment patterns across
multiple topics and dimensions.
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Election Map. VAA £ Voting Results

Social Democrats Venstre

Red-Green Alliance

Conservatives

Green Left

Liberal Alliance The Alternative Denmark Democrats Moderates
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Figure 15. VAA candidate test visualization question selection

D6.1

Voting Advice Application (VAA)

Question:

18. Racial equality and affirmative action

1. Abortion rights

2. Border security and immigration policy

3. Climate change and environmental regulation
4. Drug legalization and decriminalization

5. Education funding and curriculum standards
6. Freedom of speech and censorship

7. Gun ownership and control laws

8. Healthcare access and insurance systems

9. Income inequality and taxation

10. Judicial reform and Supreme Court appointments.
11. Key energy policy (fossil fuels vs renewables)
12. Labor rights and minimum wage

13. Military spending and defense policy

14. National security and surveillance

15. Online privacy and data protection

16. Police reform and criminal justice

17. Queer/LGBTQ+ rights and recognition

18. Racial equality and affirmative action

19. Social welfare and poverty assistance

20. Trade agreements and tariffs

21. Universal basic income (UBI) and economic support
22. Voting rights and election security

23. Women's rights and workplace equality
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