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Introduction

 The concept of diffusion is widely used in many fields,

including physics, sociology and social media analysis.

 Diffusion and label propagation are two closely related

research fields, since label propagation can be regarded as

an information diffusion process over a graph.
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Diffusion in Physics

Molecular diffusion refers to the motion of liquid or gas

molecules, due to thermal energy dissipation, the rate of

which is dependent on temperature, viscosity and particle

mass. This rate is described by Fick’s second law:
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Diffusion in Sociology

Diffusion is the procedure through which an innovation, is

spread and adopted by the members of a social system. The

parameters are compatibility, complexity, trialability and

observability.

A social system is defined as “a set of interrelated units that

are engaged in joint problem-solving to accomplish a common

goal.”
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Diffusion in Social Media

 Information cascades in a network of individuals occur as information

or behaviors spread from node to node through the network.
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Diffusion in Social Media

The underlying mechanisms of information diffusion in social networks

can be useful to:

• track the evolution of specific topics,

• prevent misinformation and

• optimizing marketing campaigns.

The study of information diffusion cascades in social networks is an

active research field.
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Basics of Information 

Diffusion
• 3 Basic Factors

• Sender(s) : A sender or a small set of senters that initiate

the information diffusion process.

• Receiver(s) : A receiver o a small set of receivers that

receive diffused information. Commonly set of receivers is

much larger than the set of senders and can overlap with

the set o senders.

• Medium: This is the medium thru which the diffusion take
place.
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Basics of Information 

Diffusion
• Social Network as a Graph

• To explain social networks, we must focus on the following definitions: 

 Interpersonal ties 

 Triadic Closure 

 Bridges 
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Basics of Information 

Diffusion

• Social Network as a Graph : Ties

• The ties can be divided into 3 different types based on the 

strength of interaction.

 Strong ties: the stronger links, for example two friends.

 Weak ties: the weaker links, for example, two acquaintances.

 Absent ties: the one for which we have no information.
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Basics of Information 

Diffusion

• Social Network as a Graph : Ties
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Basics of Information 

Diffusion

• Social Network as a Graph : Triadic Closure 
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Basics of Information 

Diffusion

How does the tie strenght influeces diffusion?

Finding a job through a contact that one saw:

• 2 times per week 16.7%

• Occasionally 1-2 per month 55.6%

• Rarely 27.8%

•M.S. Granovetter: The Strenght of weak ties, AJS 1973
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Basics of Information 

Diffusion
Which paths yield the most up to date info?

Kossinets,Watts,Kleinberg KDD 2008.
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Basics of Information 

Diffusion

• Structure and tie strenghts in mobile communication

networks:
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Basics of Information 

Diffusion
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Basics of Information 

Diffusion
Social graph bridges
• Let the E and F make up a social networking graph, 𝑚1 is in E, 𝑚2 is 

in F, and there is a social tie  r  between 𝑚1 and 𝑚2.

• If r were to be removed, E and F would become disconnected 
components of the graph.

• This means that r is a bridge if this tie is the only way information can 
move from E to F.

18https://en.wikipedia.org/wiki/Bridge_(interpersonal)



Basics of Information 

Diffusion
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Social graph person-bridge between three person clusters.



Basics of Information 

Diffusion
• Online Social Networks

• Online social networks are very important and increase the 
dissemination of new information.

• We can Divide the internet social networks into the following 
categories: Mobile communication, Blogging social networking 
application, Instant messengers, Email networks, Micro-blocking 
social networking applications, Networking: Platforms and application 
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Basics of Information 

Diffusion
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Basics of Information 

Diffusion
•Social Influence
• Messaging is the content generated by the members of an online 

social network.
• This flow is a sequence of decisions, with later people following the 

actions of previous people. 
• This process is also called social influence. 
• Based on the influence of social influence, information can be 

disseminated throughout the network through the principles of herd 
behavior and informational cascade.
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Basics of Information 

Diffusion
•Social Influence
•Information Cascade: A behavior of information adoption by people in a 
social network resulting from the fact that people ignore their own 
information signals and make decisions from inferences based on earlier 
people’s actions

•Herd behavior :A social behavior occurring when a sequence of 
individuals make an identical action, not necessarily ignoring their 
private information signals
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Ising Model

• The Ising Model is a tool used to describe the phase transition of

matter.

• Through phase change, the material produces new structures and

physical properties.

• The phase change system is generally a strong interaction between

molecules, also known as synergistic systems.

• It is important to derive an expression of individual participation”p(t)”in

specific research.
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Ising Model

• Herd behavior

• This model focused on the influencing factor of Herding behavior on

the social network with applications in the perspective of marketing,

vote forecasting and maximum social impact.

• Many models focused on the influencing factor of Herding behavior on

the social network with applications in marketing, vote prediction and
maximum social impact.
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Epidemic Diffusion

Models
• The mathematical models most commonly used to disseminate

information are epidemic models.

• Inflected nodes propagate contagion to susceptible neighbors with
propability 𝑝 (transmissibility or virality of contagion).
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Epidemic Diffusion

Models
Epidemic threshold 𝑡.

• For 𝑝 < 𝑡, localized cascades.

• For 𝑝 > 𝑡 , global cascades.

Epidemic threshold depends on topology only: largest eigenvalue of 
adjacency matrix of the network.

-True for every network.
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Epidemic Diffusion

Models
Classical works by Kermack and McKendrick

These epidemic models find application in various other contagious

processes, such as:

 Epidemiology

 Dissemination of information,

 Dissemination of innovation,

 Promotion of commercial products

 Dissemination of political movements.
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Epidemic Diffusion

Models
• People are divided into different compartments in the epidemic

models.

• S(susceptible): The susceptible state, represents people in this state

is unaware of the information and would be infected in the future

• I(infected): The infected state, represents people in this state have

already aware of this information and will transmit it to others

• R(Removed): The recovered state, represents people in this state

have already aware of this information, but are not care about it, thus
they will not transmit the information to others any more.
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Epidemic Diffusion

Models
• SIS model

• In this model users can return to the S state, in contrast to the SI

model which does not allow the treatment of infected users after their

submission have been infected

• In other words, μ represents the proportion of the infected users that
have been cured in the total population.
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Epidemic Diffusion

Models
• SIR model

• It differs from SI and SIS model, the authors gives a recovered state 
(R)and respectively we claim that 𝑆 + 𝐼 + 𝑅 = 𝑁

• Individuals in S state would be infected by the I state individuals with 
probability 𝛽, whereas the I state individuals would recover to R state 
with a recovery probability 𝜇.
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Epidemic Diffusion

Models
• Epidemic Models in Social Networks

• The SEIR model : This method is based on the SIR model by adding

Exposed nodes on it. The model describes the process of information

propagation based on a dynamical evolution equation, analyzing the

impact of user login frequency and number of friends on information
diffusion.
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Cascade Models

• The Independent Cascade(IC) model

Is mainly used for prediction and influence research.

When a node v is inactive can be activated by the active node u

independently with a probability of 𝑃𝑖𝑗 at specific time t.

If node v is activated, then it will be an active node at time t.

Regardless of whether the u actives v at time t, v will not be activated
by u at the following time.
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Threshold Models

• Complex response: inflection requires multiple exposures.

• Non-monotonic exposure response
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Threshold Models

Linear Threshold Model

• The LT model during the influence spreading process focuses on

threshold behavior.

• As the IC model, this model is used to study influence in social

networks.

• Consider a set of 𝑁 nodes or agents connected by 𝑀 undirected

edges.
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Threshold Models

Linear Threshold Model

• The state of an agent 𝑖 at time 𝑡 is described by a binary variable

𝑠𝑖 𝑡 = 0,1 . In this set the 1 represents the “active” state and 0 the

“inactive” one.

• At time 𝑡 = 0, a fraction 𝜌0 of randomly selected agents is initialized

in the active state.
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Game Theory Models

• Game theory is the study of mathematical models of strategic

interaction among rational decision-makers.

• It has applications in all fields of social science, as well as in logic,

systems science, and computer.

• Most game theory applications in social network research is about

individuals’ behaviors and the strategic interactions among these

individuals.
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Game Theory Models
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Classification of game theory models research field



Information Diffusion

• Introduction

• Basics of Information Diffusion

• Social Network Diffusion Models

• Ising Model

• Epidemic Diffusion Models

• Cascade Models

• Threshold Models

• Game Theory Models

• Nature-Inspired Model Influence Models

• Influence Models

• Applications of Information Diffusion
44



Nature-inspired model 

Influence models
• Complex systems like biological, communication and social networks 

can be modeled as graphs. Many attempts have been made to model 
information diffusion using nature-inspired algorithms.

• A forest-fire algorithm has been used to study information diffusion on 
Twitter and modify it to find the actual spreaders of information.
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Nature-inspired model 

Influence models
• The traditional forest-fire model defined for a cell automata consists of 

three states:

1. Empty

2. Tree 

3. Fire

46



Information Diffusion

• Introduction

• Basics of Information Diffusion

• Social Network Diffusion Models

• Ising Model

• Epidemic Diffusion Models

• Cascade Models

• Threshold Models

• Game Theory Models

• Nature-Inspired Model Influence Models

• Influence Models

• Applications of Information Diffusion
47



Influence Models

• Information diffusion based on influence is divided into three 
categories :

1. Individual Influence

2. Community Influence

3. Influence Maximization
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Influence Models

Individual Influence

• A social network as a basic communication platform directly connects 
online users and binds them to the possibility of exchanging 
information. 

• Based on the interactions, users can influence or be affected by the 
opinions of others opinion leader sare users who can influence and 
shape the views of others. 

• The problem of identifying opinion leaders, due to its wide application 
in reality, is very important. The problem has been attracting many 
studies over recent years.
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Influence Models
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Opinion leader detection methods.



Influence Models

Community Influence

• Common properties of a community are an important research area.

• A community is a subset of the network where its members have 
common habits and interests and the links between them are close.

• Also, the structure of the communities remains relatively stable in 
contrast to the structure of the overall network.

• Many methods have been proposed to solve this issue, mainly 
including links and attributes.
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Influence Models

Influence Maximization

• The objective is to influence the largest possible population within a

social network, related to finding the initial set of labeled data that

optimize propagation.

• Influence maximization has application to viral marketing, network

monitoring, rumor control, and social recommendation.
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Influence Models

Influence Maximization

• The most important approaches of influence maximization algorithms

are:

 Simulate based-approaches

 Proxy-Based Algorithms

 Sketch-based approaches approximation algorithmic framework.
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Applications of 

Information Diffusion

• Rumor-diffusion.

• Cross-Media Information Diffusion.

• Viral marketing.

• Emergency situation management.

• Collaborative filtering.

• Citation networks.
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Applications of 

Information Diffusion
Rumor Propagation

D–K model:

• Individuals are assumed to be in one of those threestates: ignorant (𝑆,

susceptible state in SIR), spreader (𝐼, infected state), and stifler(𝑅,

recovered state).

• The spreader individuals might infect the ignorant individuals with
some probability.
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Applications of 

Information Diffusion
Cross-Media Information Diffusion

Online social media play a key role in the spread of trends, news, and

opinions. Increased user activity in social media is observed during

important events.

Such elevated activity reflects people’s immediate reactions to the

broadcasted event, and the process of information / concept diffusion

from broadcast to social media.

57



Applications of 

Information Diffusion
Viral Marketing

• Viral marketing is a marketing method that uses social networks. It is

based on people who have a big influence on their relatives and

friends in online social net-works(Facebook, twitter).

• Researchers are trying to measure the influence of these people from

nodes and propagation ratios on online social networks.

• Companies in-vest in and target these influencers because marketing

through them will have a big impact on their products and greater

profit.
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Applications of 

Information Diffusion
Information diffusion methods find application in emergency situation

management, where mass media function as channels for information

spread.

Threshold, diffusion and cascade models are utilized.
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Applications of 

Information Diffusion
Diffusion methods are used in collaborative filtering algorithms found

in recommendation systems, in order to make predictions about the

interests of a user.
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Applications of 

Information Diffusion
Information diffusion is also observed in citation networks.

Analyzing structural features of information paths through these

networks, and impact on the information flow, variations can be found in

information diffusion for specific subsets of citation networks.

61



Bibliography

• [CDMN18] Chakraborty, Anwesha, et al. "Application of graph theory in social media." International Journal 
of Computer Sciences and Engineering 6 (2018):722-729.

• [WIKIBRI] https://en.wikipedia.org/wiki/Bridge(interpersonal)

• [RA19] Razaque, Abdul, et al. "State-of-art review of information diffusion mod-els and their impact on 
social network vulnerabilities." Journal of King SaudUniversity-Computer and Information Sciences (2019).

• [SH] https://www.slideshare.net/SocialMediaMining/social-media-mining-chapter-7-information-diffusion

• [KMR27] Kermack, William Ogilvy, and Anderson G. McKendrick. "A contributionto the mathematical theory 
of epidemics." Proceedings of the royal society oflondon. Series A, Containing papers of a mathematical 
and physical character115.772 (1927): 700-721.

• [KMR32] Kermack, William Ogilvy, and Anderson G. McKendrick. "Contributionsto the mathematical theory 
of epidemics. II.—The problem of endemicity." Pro-ceedings of the Royal Society of London. Series A, 
containing papers of a math-ematical and physical character 138.834 (1932): 55-83.

62

https://en.wikipedia.org/wiki/Bridge(interpersonal)
https://www.slideshare.net/SocialMediaMining/social-media-mining-chapter-7-information-diffusion


Bibliography

• [KMR33] Kermack, William Ogilvy, and Anderson G. McKendrick. "Contributionsto the mathematical 
theory of epidemics. III.—Further studies of the problem ofendemicity." Proceedings of the Royal Society 
of London. Series A, ContainingPapers of a Mathematical and Physical Character 141.843 (1933): 94-
122.

• [PRV01] Pastor-Satorras, Romualdo, and Alessandro Vespignani. "Epidemic dynam-ics and endemic states 
in complex networks." Physical Review E 63.6 (2001):066117.

• [FL15] Feng, Ling, et al. "Competing for attention in social media under informationoverload conditions." 
PloS one 10.7 (2015): e0126090.

• [WQ15] Wang, Qiyao, et al. "ESIS: emotion-based spreader–ignorant–stifler modelfor information 
diffusion." Knowledge-based systems 81 (2015): 46-55.

• [DPM01] Domingos, Pedro, and Matt Richardson. "Mining the network value of cus-tomers." Proceedings 
of the seventh ACM SIGKDD international conference onKnowledge discovery and data mining. 2001.

• [LS15] Lim, Sungsu, et al. "Analysis of information diffusion for threshold models onarbitrary networks." The 
European Physical Journal B 88.8 (2015): 201.15

63



Bibliography

• [WSK94] Wasserman, Stanley, and Katherine Faust. Social network analysis: Meth-ods and applications. 
Vol. 8. Cambridge university press, 1994.

• [LHJ15] Li, Hui, Jiang-Tao Cui, and Jian-Feng Ma. "Social influence study in onlinenetworks: A three-level 
review." Journal of Computer Science and Technology30.1 (2015): 184-199.

• [MFV13] Malliaros, Fragkiskos D., and Michalis Vazirgiannis. "Clustering and com-munity detection in 
directed networks: A survey." Physics reports 533.4 (2013):95-142.

• [KDK03] Kempe, David, Jon Kleinberg, and Éva Tardos. "Maximizing the spread ofinfluence through a 
social network." Proceedings of the ninth ACM SIGKDDinternational conference on Knowledge discovery 
and data mining. 2003.

• [LY18] Li, Yuchen, et al. "Influence maximization on social graphs: A survey." IEEETransactions on 
Knowledge and Data Engineering 30.10 (2018): 1852-1872.

• [DDD64] Daley, Daryl J., and David G. Kendall. "Epidemics and rumours." Nature204.4963 (1964): 1118-
1118

64



Bibliography
• [ALM16] AlSuwaidan, Lulwah, and Mourad Ykhlef. "Toward information diffusionmodel for viral marketing 

in business." Int. J. Adv. Comput. Sci. Appl 7.2(2016): 637-646.

• [BHQ19] Bamakan, Seyed Mojtaba Hosseini, Ildar Nurgaliev, and Qiang Qu. "Opin-ion leader detection: A 
methodological review." Expert Systems with Applica-tions 115 (2019): 200-222.

• [WIKI-WM] https://en.wikipedia.org/wiki/Wildfire-modeling

• [KS20] Kumar, Sanjay, et al. "Modeling information diffusion in online social net-works using a modified 
forest-fire model." Journal of intelligent informationsystems (2020): 1-23.

• [RAYE14] Reiffers-Masson, Alexandre, Yezekael Hayel, and Eitan Altman. "Gametheory approach for 
modeling competition over visibility on social networks."2014 Sixth International Conference on 
Communication Systems and Networks(COMSNETS). IEEE, 2014.

• [CCB11] Camerer, Colin F. Behavioral game theory: Experiments in strategic interac-tion. Princeton 
University Press, 2011

• [GBG82] Grofman, Bernard, and Guillermo Owen. "A game theoretic approach tomeasuring degree of 
centrality in social networks." Social Networks 4.3 (1982):213-224

65

https://en.wikipedia.org/wiki/Wildfire-modeling


Bibliography

• Kossinets et al. "The structure of information pathways in a social communication network"

• Onnela J. et al. "Structure tie strenghts in mobile communication networks"

• Reka Albert, Hawoong Jeong, and Albert-Laszlo Barabasi. Error and attack tolerance of complex

networks. Nature, 406:378–382, July 2000.

66



Bibliography

[PIT2016] I. Pitas (editor), “Graph analysis in social media”, CRC Press, 2016. 
[PIT2021] I. Pitas, “Computer vision”, Createspace/Amazon, in press. 
[PIT2017] I. Pitas, “Digital video processing and analysis” , China Machine Press, 2017 
(in Chinese).
[PIT2013] I. Pitas, “Digital Video and Television” , Createspace/Amazon, 2013.
[NIK2000] N. Nikolaidis and I. Pitas, “3D Image Processing Algorithms”, J. Wiley, 2000. 
[PIT2000] I. Pitas, “Digital Image Processing Algorithms and Applications”, J. Wiley, 
2000. 

67



Q & A

Thank you very much for your attention!
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pitas@csd.auth.gr

68


