
INSTITUTE OF PHYSICS
BELGRADE

Validation of LLM-Agent Social
Simulations
Toxicity, Semantic Similarity, Topic Dynamics,
and Convergence

Aleksandar Tomašević
Scientific Computing Laboratory, Institute of Physics Belgrade,
University of Belgrade

JERTEH Seminar
November 2025



01 Post-API scarcity
Major SM platforms are locking down public

APIs, leaving researchers with patchy,
outdated, or paywalled data.
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02 Research bottleneck
These gaps stall the research on online

community dynamics

03 Synthetic Data
Creating artificial communities via Agent

Based Models. Reproducing collective
phenomena in silico.

04 LLM Agent simulations
Leverage the power of LLMs for higher-fidelity
simulations. Agents can now produce realistic

textual content.

Motivation



Agent-based models
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Xue, X., Zhou, D., Zhang, M., & Wang, F. Y. (2025). From Agent Simulation to Social
Simulator: A Comprehensive Review (Part 1). arXiv preprint arXiv:2510.18271.



3 Types of LLM agents

 1. Task/tool oriented autonomous agents

     Agents whose primary function is to achieve instrumental goals in an environment.

2.  Reasoning social agents

     Agents whose key behavior is strategic reasoning under interaction with other agents or
institutions.

3.  Cultural social agents

Agents that reproduce or generate cultural and social patterns.



5

Cultural Social Agents

AI systems should be studied as participants in social systems,
capable of enacting norms, values, and communicative behaviors
(Tsvetkova et al., 2024)

LLMs perpetuate existing social and cultural patterns because
their training data encode social regularities and biases
(Tsvetkova et al., 2024)

AI systems generate and transmit cultural traits through pattern
recognition and generative recombination, rather than intentional
meaning-making.
(Brinkmann et al., 2023)



Generative agents
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logic of appropriatness

March, J. G., & Olsen, J. P. (1996).
Institutional perspectives on political

institutions. Governance, 9(3), 247-264.



01 Post-API scarcity
Major SM platforms are locking down public

APIs, leaving researchers with patchy,
outdated, or paywalled data.

02 Research bottleneck
These gaps stall the research on online

community dynamics

03 Synthethic Data
Creating artificial communities via Agent

Based Models. Reproducing collective
phenomena in silico.

04 Generative LLM simulations
Leverage the power of LLMs for higher-fidelity
simulations. Agents can now produce realistic

textual content.
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Can LLM-agent simulations reproduce known
social-media patterns in evolving communities?

Motivation



Makes decisions regarding agent’s actions

Reads existing content
 Generates text content: posts and comments

Generative Simulation Stack
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Client + Server+ Database
Environment: Social media app  & feed

User profiles, posts, comments, votes
Acts as simulation engine

Ollama Server Rossetti, G., Stella, M., Cazabet, R., Abramski, K., Cau, E., Citraro, S.,
Failla, A., Improta, R., Morini, V., & Pansanella, V. (2024). Y Social: an

LLM-powered Social Media Digital Twin. In arXiv [cs.AI]. arXiv.
http://arxiv.org/abs/2408.00818

prompts
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Can LLM agents, acting under realistic platform rules,

reproduce:

1.  realistic social media text,

2.  toxic language patterns,

3.  topic structures,

4.  linguistic convergence in online community

Questions



Analyze samples from
a niche Reddit-like

community

Use sample data to
calibrate the

simulation
parameters

Run generative
LLM simulations

Operational
validity: matching

patterns and
distributions
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Analyze Calibrate Simulate Validate

Pipeline
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v/technology 

Toxic, confrontational, but not explicitly political.

Smaller, complete dataset

Mitrović Dankulov, M., Tomašević, A., Maletić, S., Anđelković, M., Vranić, A., Cvetković, D., Stupovski, B., Vudragović, D., Major, S., & Bogojević, A. (2025). Multi-Platform Aggregated Dataset of Online Communities
(MADOC). Proceedings of the International AAAI Conference on Web and Social Media, 19, 2529–2538. https://doi.org/10.1609/icwsm.v19i1.35954

Alt-right clone of reddit

Rich with niche URLs

Simulation Calibration
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URL Calibration

1.Extracted 1000 URLs from Voat posts.
2.Database of URLS with extracted

keywords.
3.Agents can pick and URL, summarize an

share it with their commentary.
4.Seeds the discussion around the same

topic.



Agent population

Attribute Values Sampling

Education High school, Bachelor, Master, PhD Uniform

Political leaning

Religious conservative
Pro-Business Establishment

Anti-Elite Populist
Socially Moderate Right

0.37, 0.11, 0.43,
0.09

Age 18-60 Uniform

Gender Male, Female Uniform

Actions per round 1-10
Zipf

distribution

Toxicity
propensity

Absolutely No, No, Moderately 0.7, 0.15, 0.15

LLM: Dolphin Mistral 24B (uncensored)
 Temperature: 0.8; Max. tokens: 800

You are role-playing as {self.name},
 a {self.age} years old {self.nationality} {self.gender}.
 You identify as {self.leaning}
 and are interested in {','.join(interest)}.
 Act as requested by the Handler.",

Interests
1.Social Media & Online Platforms
2.  Internet Policy & Regulation
3.Artificial Intelligence
4.Electric Vehicles & Transportation
5.Software Development
6.Clean Energy & Sustainability
7.Cybersecurity & Privacy
8.Big Tech
9.Space Technology

10.  Open Source Projects

dphn/Dolphin-Mistral-24B-Venice-Edition



Simulation configuration

A Day in the Life (of an agent)

Base activity likelihoods



Validation methods
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Interaction  network analysis
Core-periphery detection

Toxic language detection

Basic acitivity metrics Text and topic similarity

Linguistical convergence



Activity evolution
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Realistic Toxicity
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Mean tox. simulation: 0.10
Mean tox. Voat: 0.11   



Toxicity by propensity
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Embedding similarity (comments)
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Moderate embedding similarity
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Mean cosine similarity

Posts ~ 0.58
Comments ~ 0.57



Embedding similarity (comments)
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It's another example of Microsoft having its head in its ..., thinking it knows what people want
before they want it, meanwhile completely ignoring what people actually want from Microsoft
- a secure, useful desktop platform. 

Grandma didn't ask for a 'secure' PC; she asked for one that works.Your ...
'innovation' is just a buzzword for ... around with something that wasn't broken.'
Maybe if Microsoft focused on reliability instead of chasing trends, we wouldn't be
having this conversation.

Similarity: 0.68



Topics: 78% coverage (mean CS > 0.5)

Simulation topic # of documents Voat topic # of
documents

Mean cosine
similarity

AI superintelligence & ethics 233 Robots & Artificial Intelligence 657 0.719

Platform governance & Free speech 176 Social media platforms 3598 0.708

Data privacy & Personal control 75 Surveillance & Encryption 869 0.722

Space Tech & Electric Vehicles 47 Transportation Technology 1591 0.628

Browser Privacy & Ad Blocking 29 Browsers & Privacy Tools 544 0.721
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NER
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Convergence entropy 

1.Convert all tokens in both utterance x and utterance y into embedding vectors
2.Calculate seminatic similarity between each token of x and each token of y using

Cosine Error.
3.  For each token in x find the token in y with smallest CoE.
4.For each token transform that smallest CoE into probability: probability that

token with the same meaning has been used in the previous utterance.
5.Use probabilities for teach token to calculate the Shannon entropy of the

distribution. This value estimates how easily one could predict the conceptual
content of x based on the information known from y.
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 Measuring the conceptual similarity between two utterances, x and y, two comments within the same thread. 
(Rosen and Dale, 2023)



Convergence entropy 
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Limitations

1.  Relatively short simulation, single run

2.  No Agent Memory!

Zhou, J., Huang, J.-T., Zhou, X., Lam, M. H., Wang, X., Zhu, H., Wang, W., & Sap, M. (2025). The
PIMMUR principles: Ensuring validity in collective behavior of LLM societies. In arXiv

[cs.CL]. arXiv. http://arxiv.org/abs/2509.18052
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The Case against frontier models!

1.  More homogenous responses, lack of variability (acting as solving a problem)

2.  Flattened identities, unrepresentation of real-world variance, less

representative of some demographic groups

3.  Curse of knowledge

a.  Violation of the unawareness principle 

b.  Over-control, easy to steer

Lutz, M., Sen, I., Ahnert, G., Rogers, E., & Strohmaier, M. (2025). The prompt makes the person (a): A systematic evaluation of sociodemographic
persona prompting for large language models. arXiv preprint arXiv:2507.16076.

Mi, Q., Yang, M., Yu, X., Zhao, Z., Deng, C., An, B., Zhang, H., Chen, X., & Wang, J. (2025). MF-LLM: Simulating collective decision dynamics via a
mean-field large language model framework. In arXiv [cs.MA]. arXiv. http://arxiv.org/abs/2504.21582

Zhou, J., Huang, J.-T., Zhou, X., Lam, M. H., Wang, X., Zhu, H., Wang, W., & Sap, M. (2025). The PIMMUR principles: Ensuring validity in collective
behavior of LLM societies. In arXiv [cs.CL]. arXiv. http://arxiv.org/abs/2509.18052



Takeaways

Relatively simple stateless LLM simulation of online community can match

patterns observed in real data.

1.         Similar toxicity distributions

2.         Good topic coverage

3.         Text similar to real communities, with good lexical diversity but NO linguistical      

                convergence.
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Studentske prakse
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2 studenta OAS/MAS /DAS
Osnovno iskustvo programiranja u Python-u
ipbstudentskeprakse@ipb.ac.rs

mailto:ipbstudentskeprakse@ipb.ac.rs
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Preprint + Code

atomasevic@ipb.ac.rs
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