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Introduction (1/3)
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Introduction (2/3)

• …from a technological point of view
– OSNs are enabled as Internet applications with a set of functionalities:
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• information sharing capabilities;
• user generated content

management;
• support by means of several tools 

to different ways of 
communication and collaboration
among users.



Introduction (3/3)

• …from a sociological perspective
– OSNs are social structures constituted by a set actors (individuals or 

organizations), sets of dyadic ties and other social interactions, often 
instantiated through the shared information.
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OSN modelling (1/2)
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OSN modelling (2/2)
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A social network is represented
as a  graph in which only the 
relationships established
between users, tags and 
multimedia objects are modelled
through hyperarc (Liu et al.)

A social network is represented a 
unified hypergraph to model 
multi-type objects ant the high-
order relations.(Bu et al.)



Proposed MSN Definition

“integrated social media networks that combine the information 
on users, belonging to one or more social communities, together 
with all the multimedia contents that can be generated and used 
within the related environments”.
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MSN Model (1/2)

• In our vision, a MSN is basically composed by two different 
entities: 
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• Users - that correspond to the set of persons and organizations with 
related attributes belonging to one or more social communities. 

• Multimedia Objects - the set of multimedia resources that can be 
shared within a MSN community. High level (metadata) and low level 
information (features) can be properly and jointly used in our model.



MSN Model (2/2)
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Influence analysis (1/2)
• Traditional communication theories state that a minority of users, called 

influentials, excel in persuading others.

• An influence analysis problem can be faced using two steps: 
1. a diffusion model is defined with the aim of describing the influence spread 

in the network;
2. a maximization algorithm is exploited to identify the set of nodes such that 

their activations maximize the diffusion or the propagation of influence.

• The selection of the most influence nodes is an optimization problem that 
has been proven by Kempe et al. to be NP-Hard.

• Greedy strategies exploiting a non-negative, submodular and monotone 
influence function can obtain a solution that is no worse than (1-1/e) of 
the optimal one.
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Influence analysis (2/2)
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Linear Threshold (LT): each node has a 
threshold wv and it becomes active only if 
the sum of the probabilities of its neighbors 
is greater than the threshold:

Indipendent Cascade (IC): on 
each edge (u,v) there is a 
probability pu,v to become 
active. Every node u has one 
attempt to activate a node v



My Proposal: Influence Model (1/7)
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My Proposal: Influence Model (2/7)
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My Proposal: Influence Model (3/7)
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My Proposal: Influence Model (4/7)
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My Proposal: Influence Model (5/7)
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My Proposal: Influence Model (5/7)
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My Proposal: Influence Model (7/7)

19Giancarlo Sperlì



Stochastic Algorithm
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Bio-inspired Algorithm

The ABC algorithm works in according 
to two fundamental steps: 

1. an initial user ranking (based on their 
centrality in the Influence Graph) is 
performed (to determine the most 
suitable employer bees to lead the 
food search campaign together with a 
set of scouts represented by their 
neighbors in the network); 

2. a top-k selection of the most 
influential users within the initial set 
(represented by the employer or 
scout bees that are effective leaders 
on the base of their waggle dance) is 
carried out in an iterative manner. 
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Game Theory Approach
• Our contributions: 

– Adopt the Game Theory and formulate a 
Combinatorial Multiarmed Bandit Problem  

– Aim to maximize the spread and to learn 
the influence probabilities simultaneously 
• Leads to classic exploration vs. 

exploitation trade-off 
– Consider node-level feedback: you only 

need to know who was influenced

• CMAB algorithm: 
– Each of m arms has reward distribution with 

unknown mean μ 
– Based on MAB, but the arms can trigger others 

arms
– In each round t a subset of arms A is chosen and 

reward is function of these arms
– Update and improve our knowledge
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Proposed Architecture
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Experimental Protocol
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Dataset

(*) Social features change on a day to day basis

Influence estimation methods:
1. Trivalency model
2. Weighted cascade
3. Different influence operators

Hardware details:
• Microsoft Azure with 2 compute optimized instances (2 x 8 CPU and 16 GB 

RAM)

YFCC100M Pubblishing Favorite Comment

Complete 99.000.000 * *

Analyzed 14.663.918 3.101.814 2.827.439



Evaluation without Similarity
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Evaluation with Similarity
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Evaluation 
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Reward Maximization Algorithms:

1. Pure Exploitation: performs 
exploitation in every round. 
TIM+ (𝜀 = 0.2) as an oracle

2. Pure Exploration: performs 
exploration in every round.

3. ε-Greedy: exploration with 
probability 𝜖) and exploitation 
with probability 1 − 𝜖)



Community Detection
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Community detection definitions:
1. a densely connected subset of nodes that is only sparsely linked to the remaining network
2. groups of vertices that probably share common properties and/or play similar roles within the 

graph. 
3. a community as a group of network nodes, within which the links connecting nodes are dense but 

between which they are sparse



My Proposal
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Effectiveness Evaluation (1/2)

Zackary’s karate club (*) 
– (34 nodes, 78 pairwise links)  2 communities

• Compared algorithms:  
– Fast Greedy

– Label Propagation

– InfoMap

– Walktrap

• Quality metrics: 
– NMI 

– ARI 

– TP – FP

*https://networkdata.ics.uci.edu/data.php?id=105
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Effectiveness Evaluation (2/2)
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Qualitative Evaluation
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Dataset N Communites N hyperedge

Without Similarity 115 9585

Similarity ≥ 0.90 11 13452

Similarity ≥ 0.80 26 29700

Similarity ≥ 0.70 106 224412



Conclusions
• This dissertation is mainly focused on the design of novel data model 

relying on hypergraph data structure for representing MSN sufficiently 
general with respect to:

1. A particular social information network; 

2. The different kinds of entities;

3. The different types of relationships;

4. The different applications 

• The features of the proposed model have been used to deal with the 
following two challenges: 
– Influence Maximization 

– Community detection

• The evaluation, made on Flickr, shows:
– how the proposed approaches can be properly faced IM problem leveraging the introduced model.

– how the proposed community detection approach has similar performance w.r.t. the well-known 
algorithms

– How the proposed approach can be properly faced with community detection problem leveraging 
the features of heterogeneous networks.
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