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Social Networks



Diffusion Processes
Agents’ opinions are influenced by 

the opinions of their network 
neighbours.

Link Change
Agents connect to similar agents 

and disconnect from dissimilar 
agents.

Social Network Dynamics
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-Social Network
-Agents initially possessing a opinion
-Uniform Influenceability threshold

Update Rule
Adopt if enough network 

neighbours have already adopted.

Connection Rule
Connect to another agent if you 
have enough opinions in common.
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Monotonic
Diffusion

e.g., Easley and Kleinberg (2010), Baltag et 

al. (2019)

Monotonic 
Link Change

e.g., B. and Christoff (2023)
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Non-monotonic 
Link Change

e.g., Smets and Velázquez-Quesada(2019, 
2020)  

Old ties can go!
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Models of Social Network Dynamics

Can we reduce sets of operations 
to others?

Q

Do different sets capture different 
dynamics?

Q
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1. Design a logic for social network changes. 

2. Comparing dynamics via replaceability
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2.1  General irreplaceability result
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A Logic for Social Network Changes

1. Set of agents

2. Set of features

3. Features assignment

4. Influence Network

5. Influenceability threshold 𝜏 > 0

6. Similarity threshold 𝜔 > 0

𝜏 = .5
𝜔 = .3
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Syntax and semantics

Dynamic operator
Model update corresponding 

to dynamic operator
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Syntax and semantics

𝑀 ⊨ ¬𝑟𝑏 ∧ 𝑁𝑏𝑎

𝑀 ⊨△ (𝑟𝑐∧ 𝑁𝑏𝑎)
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𝑀 ⊨ ¬𝑟𝑏 ∧ 𝑁𝑏𝑎

𝑀△ ⊨ 𝑟𝑐 ∧ 𝑁𝑏𝑎

Syntax and semantics

!
!



Expressing social pressures

Conformity (adoption) pressure

Similarity pressure



Axiom System



2. Comparing dynamics via replaceability

Comparing Social Network Dynamics

2.1  General irreplaceability result



Replaceability

𝐷 = { }

Sequences of operators

Fix a subset O ⊆ 𝐷:

- 𝑆𝑜 contains all non-empty finite sequences induced by the 
operators in O. 
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𝑠1, 𝑠2 are equivalent iff𝑀𝑠1 = 𝑀𝑠2
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Replaceability

𝑠1, 𝑠2 are equivalent iff𝑀𝑠1 = 𝑀𝑠2

Replaceability of sets of sequences

Fix two subset 𝑂1, 𝑂2 ⊆ 𝐷:

𝑆𝑂1 is replaceable by 𝑆𝑂2 on M iff for each 𝑠1 ∈ 𝑆𝑂1there is  a 

sequence 𝑠2 ∈ 𝑆𝑂2equivalent to it on M.  



Irreplaceability

Irreplaceability of a sequence set

𝑆𝑂1is irreplaceable iff there is no 𝑂2 ⊆ 𝐷 such that:

- 𝑂1 ⊈ 𝑂2
- 𝑆𝑂1 is replaceable by 𝑆𝑂2 over the class of all models.



Irreplaceability

Fix non-empty 𝑂 ⊆ 𝐷.Then, 𝑺𝑶 is irreplaceable.

General Irreplaceability

For any set of operators, we might pick:

- there exists a sequence 

- and a model to which I can apply it

- whose effects cannot be emulated using any sequences of other operators.
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Opinions are stable.
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Try use network change.
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Can we reduce sets of operations 
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In general, yes.

Not always.

Can you sometimes replace a 
sequence set? When?

Q
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Replacing 𝑆{⨀} (a sufficient condition)

1. Characterisation of the class of models where the sequence ⨀ is replaceable.

2. Sufficient condition for the replaceability of 𝑆{⨀}.
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Replacing 𝑆{⨀}

2. Sufficient condition for the replaceability of 𝑆{⨀}.

Obtained by requiring that ⨀ be replaceable after every update.

1. Characterisation of the class of models where the sequence ⨀ is replaceable.

The disjunction of equivalence formulas characterizes replaceability of ⨀ in a model.



Replaceability on special model classes

1. Replaceability of non-monotonic changes by the corresponding monotonic changes.

2. Replaceability of simultaneous changes by the corresponding non-simultaneous changes.

Issues with oscillations!
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Comparing Social Network Dynamics: Summary

1. Designed a logic for diffusion and link changes in social network.

2. Compared dynamics via replaceability

Can different sets capture different dynamics?Q

Can we reduce sets of operations to others?Q

In general, yes.

Not always.

2.1  General irreplaceability result

2.2  Replaceability on special classes of models

Can you sometimes replace a sequence set? When?Q Focus on simultaneous changes.



Comparing Social Network Dynamics: Further Work

What happens if we would add anti-monotonic updates?

Further Work How frequently are operations replaceable?

What about more complex type of updates?Further Work

Further Work

Further Work What social configurations can be reached by different types 
of updates?



References
B., E., Christoff, Z., Verbrugge, R.: Opinion diffusion in similarity-driven networks. Presented at Logic and the Foundations of Game 
and Decision Theory (LOFT 14) (2022)

B., E., Christoff, Z.: Comparing social network dynamic operators. In: Verbrugge, R. (ed.) Proceedings Nineteenth Conference on 
Theoretical Aspects of Rationality and Knowledge, Oxford, United Kingdom, 28-30th June 2023. Electronic Proceedings in Theoretical 
Computer Science, vol. 379, pp. 66–81. Open Publishing Association, Australia (2023). https://doi.org/10.4204/EPTCS.379.8

Baltag, A., Christoff, Z., Kræmmer Rendsvig, R., Smets, S.: Dynamic epistemic logic of diffusion and prediction in social networks. 
Studia Logica 107 (2018). https://doi.org/10.1007/s11225-018-9804-x

Easley, D., Kleinberg, J.: Networks, Crowds, and Markets: Reasoning About a Highly Connected World. Cambridge University Press, 
New York, USA (2010). https://doi.org/10.1017/CBO9780511761942

Grandi, U., Lorini, E., Perrussel, L.: Propositional opinion diffusion. In: Proceedings of the 2015 International Conference on 
Autonomous Agents and Multiagent Systems. AAMAS ’15, pp. 989–997. International Foundation for Autonomous Agents and
Multiagent Systems, Richland, SC (2015). http://dl.acm.org/citation.cfm?id=2772879.2773278

Smets, S., Velázquez-Quesada, F.R.: A logical study of group-size based social network creation. Journal of Logical and Algebraic 
Methods in Programming 106, 117–140 (2019). https://doi.org/10.1016/j.jlamp.2019.05.003

Smets, S., Velázquez-Quesada, F.R.: A logical analysis of the interplay between social influence and friendship selection. In: Soares
Barbosa, L., Baltag, A. (eds.) Dynamic Logic. New Trends and Applications, pp. 71–87. Springer, Cham (2020).

Image from https://pixabay.com/vectors/social-media-connections-networking-3846597/

https://doi.org/10.1017/CBO9780511761942
http://dl.acm.org/citation


Comparing Social Network Dynamics

Edoardo Baccini1 joint work with Zoé Christoff1 and Rineke Verbrugge1

1 Bernoulli Institute for Mathematics, Computer Science and Artificial Intelligence, University of Groningen

Contact: e.baccini@rug.nl


