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Main tasks
• Controlling Status: management, and 

operational
o Monitoring via KPI
o Predictions vs KPI
o Anomaly detection
o Neuro-Symbolic analysis 
o Risk assessment
o Early warning on critical conditions
o Fast What-if analysis 

• Making plan: tactic and strategic, 
medium and long range, micro/macro
o Simulation & optimization
o Generative AI Prescriptions, scenarios
o Resilience to Unexpected unknows
o What-if analysis wrt scenarios
o Collaboration with stakeholders
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The Challenge: Complex Smart Cities
Increasing complexity of smart city systems, especially mobility and transport

Traditional what-if analysis:

◦ Human-driven, "try-n-error" process
◦ Low automation
◦ Limited scalability; cannot fully exploit 
cloud/container capabilities for large trials

Heterogeneity of processes: Simulations,
Optimizations, predictions, …

◦ Multiple behavioral aspects (vehicle agents, routing, 
routing, pollutant diffusion, traffic light optimization)
optimization)

◦ Different paradigms (discrete-event, agent-
based, reinforced learning, LLM, GA, …)

based, 

◦ Various spatial and temporal scales (micro-, meso
meso-

-
, macro) 

, 

◦ scalability of executions of the processes
◦ accountability of resource consumption, allocation

allocation
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BEFDIT Behavior Execution Framework for Digital Twins 

Orchestrates heterogeneous behavioral 

Simulations, predictions, reconstruction, 

classification, causality, anomaly detection, 

Routing, ODM prod., ..

Supports co-simulation and 

co-execution of multiple tools, 

multiple instances 

(open-source & proprietary)

Leverages cloud/container-based 

infrastructures

Facilitates real-time and offline management 

of simulations, executions

Integrated into Snap4City Open-Source 

platform.

Optimization ready and not only 

What-If Ready
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BEFDIT Architecture

9CISOSE 2025, IEEE BigDataService 21 - 24 July 2025 Tucson, Arizona, United States

Simulation

Manager
Simulation

Frontend

API Manager &

Business Models

API Proxy, BM Enforc.

Snap4City API: 

Knowledge Base & OpenSearch

Storages

Personal GOBE

User2

UserN

BROKERs

WEBSOCKETKubernetes

Container 

Orchestrator

Executors’

Manager

External

Services

Deploy

Run

ODM GHPred HMTFR

Local 

Simulation

Snap4City 

Scenario Editor

Create Scenario

UpLoad

Download

Behavior Execution Framework 

Snap4City Platform



BEFDIT – Core Contributions & Requirements
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• R.1: Support for Various Behavioral Executors (BEXs): Modular 

architecture for diverse algorithms (statistical, ML/AI, operational research), 

Supports BEXs in different languages from various providers, 

Examples: vehicle agents, routing, pollutant diffusion, traffic 

predictions

• R.2: Groups of Behavioral Executions (GOBE): Multiple BEXs  

towards a shared goal within a "Scenario“, Activated 

programmatically or via web GUI

• R.3: Support for Independent BEXs: Concurrent execution of 

multiple instances of same or different BEXs, Each BEX deployed as a 

container on cloud, by diff. users, diff. contexts, etc..

• R.4: Interoperable BEXs: Supports various communication 

protocols (API, Web Services, files) for data exchange

• R.5: Web-Based Support for GOBE:  GUI for setup, monitoring, 

monitoring, results. Dashboards for real-time visualization and 

parameter adjustments. Dashboards results for decision-

makers

makers

• R.6: GOBE as a Service with Scalable Resource Allocation

Allocation: 

: 

Dynamically allocates computational resources (CPU, GPU, 

(CPU, GPU, memory, storage, API) Optimizes performance via load 

load balancing and adaptive scaling

• R.7: Persistent Simulation Data Model: Cloud-based storage for 

storage for Scenarios, GOBE setups, and results. Version control and 

and rollback options; allows resume/replay/analysis of past runs

runs

• R.8: Users' Management: Supports multiple users with 

different roles (admin, operators, users): Manages access and usage 

and usage based on business models and authorizations
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Predictions and Heatmaps in Real Time
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BEFDIT & SUMO – Urban Mobility Simulation
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SUMO (Simulation of Urban Mobility) example

Two main modes:

Local Setup, Cloud Execution

• Prepare SUMO scenarios locally (e.g., NetEditor)

• Upload to BEFDIT/Snap4City for execution in the cloud

• Results available via download or real-time (SUMO Web3D via WebSocket)

Full Snap4City Workflow

• Scenario creation via Snap4City tools (e.g., Scenario Editor)

• Automatic versioning, cloud conversion to SUMO input 
(via Kubernetes microservice)

• Easy integration of real-time data

Simulation Workflow & Co-Simulation

CISOSE 2025, IEEE BigDataService 21 - 24 July 2025 Tucson, Arizona, United States

Define/upload scenario

• Area → bounding box

• Timespan → datetime range

• Demand → ODMs

Convert to SUMO input 
(network, routes)

Run (offline/online with 
Web3D)

Analyze results via KPIs 
(e.g., speed, time loss, 
waiting time)

Co-Simulation

• Integrates SUMO with 
other BEXs (e.g., 

GraphHopper for dynamic 
routing)

• Enables congestion 
avoidance, road closures, 
smart infrastructure tests

• Managed via 
Kubernetes clusters and 
scalable microservices



BEFDIT & SUMO Integration – Urban Mobility Simulation
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BEFDIT & SUMO Integration – Urban Mobility Simulation
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From Simple Simulation to scalability
SUMO produces real-time outputs (e.g., traffic status, traffic light plans)
Data injected into Snap4City via virtual sensors

Supports:
• Dashboards & analytics 

• Smart city service testing 

• Predictive model validation

• Backup during sensor failures

Scalability & Performance
• 3,351 simulation operations/month

• 200,000+ routing requests (e.g., Florence) via GraphHopper
• 10,000+ flows for RL training
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Complex spatial scenarios supported:
• Helsinki/Antwerp: 5.3M roads

• Greece: 6.7M roads
• Other areas: up to 13M roads
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Traffic Light Plan Optimisation, Digital Twin
• Match Multiple Objectives and Synchronization: 

– public and private traffic, tramway priority

– Micro and Macro Scales

– AI: Genetic Algorithms, Deep Reinforced Learning
• Fixed and Actuated Cycles

• Adjusted on Demand

• Validation/integ. with SUMO simulation
– Travel Time, waiting time, waiting count 

– Specific travel time on directions 

– CO2 emissions, etc. 

• Reductions from 5% to 15% 
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More complex Example
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Multi  Agent DRL
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Optimization of Traffic Light Plan
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MTT for Multi Agent DRL for TLP
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Conclusions & Future Work
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Key Find ing s

BEFDIT enables scalable, modular, and interoperable simulation 
ecosystems

API-based interoperability 

Containerized BEXs ("Behavior 

Execution as a Service") 

Persistent versioned simulation 

management

M ore sim ulators &  BEXs

Smarter AI optimization loops

Automated multi-domain optimization

Future Directions

Privacy-aware multi-user collaboration

MLOps support for stable and one 

shot API calls
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