
Emergence of Complex Network Structures in LLM Social 
Simulations 

Aleksandar Tomašević, Darja Cvetković, Sara Major, Slobodan Maletić, Miroslav Anđelković, 
Ana Vranić, Boris Stupovski, Dušan Vudragović, Aleksandar Bogojević.  Marija Mitrović 
Dankulov 

Belgrade, August, 2025 



Motivation 

- Post-API era of social media research (Mimizuka et al., 

2025) 

- Generative LLM simulations are promising 
alternative to ABMs (Kozlowski & Evans, 2025) 

- Start with simple, small simulations of niche 
community 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Outline 

- We use Voat (alt-right clone of Reddit) for calibration 
- Reddit-like: feed-focused instead of follower-network; 

reverse chronological feed 
- Run simulation, map user–user undirected weighted 

interaction network 
- Validation: operational validity against matched Voat 

windows; compare activity distributions and network 
structure 

 



Research Question 

Do LLM agents, under Voat-like rules and real content flows, generate 
interaction networks and activity patterns that match real Voat at distributional 
and structural levels? 

 



Methods: Study design & calibration 

● Target community: v/technology 
● Calibration windows: 10 non-overlapping 30-day samples from MADOC 

dataset (Mitrović Dankulov et al., 2025) 
● Derive daily activity, churn,  

thread depth. 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Methods: Engine & Agents 

● YSocial digital-twin architecture (Rossetti et al., 2024) 

Server = full platform state and recommender. Client = clock, scheduling, 

queries. Ollama serves LLMs on request. 

● Base LLM: Dolphin 3.0 (based on Llama-3.1-8B) uncensored to allow 

disagreement and toxicity 

● Personas: uniform sampling of demographics +  

activity & toxicity parameters 

● Content seeding: 30+ tech RSS feeds. 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Agent Population Parameters 



A Day in the Life (of an Agent) 



Methods: Networks (core-periphery) 

● Simulation output: CSV file with all posts 
and comments: interaction id, author id, 
parent post id 

● User–User undirected weighted 
interaction network 

○ edges = replies: comment to post, 
comment to comment 

○  weights = interaction counts, 
normalized 

 
 

Stochastic Block Model (Gallagher et al., 
2021) 

● Hub-and-spoke with prior dense core, 
sparse periphery 

● Multi-run core–periphery inference 
(Gibbs/MCMC), take posterior samples, 
and evaluate MDL plus quality metrics 

○ core/periphery densities 
○ core–periphery cross-density 

● Select a best partition via a composite 
score (quality + MDL) 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Results - Basic metrics 



Network statistics 
 



Network visualization



Network visualization



Network comparison



Core-periphery results 
 



Takeaways

- Core–periphery emerges in a simple feed-centric LLM simulation without 

explicit programming/prompting. 

- Real core is smaller and denser with stronger core-periphery coupling; the 

simulated core is larger and diffuse. 

- Uniform per-round activity and simplified feed damp hub consolidation. 

- With realistic calibration and algorithmic feeds, YSocial can produce 

simulations as a sandbox to reproduce complex network patterns in silico. 



Thank you! 
 
Email: atomasevic@ipb.ac.rs 



Additional Results 



Simulation Configuration: Macro parameters 



Agent Population Parameters 














