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The spread of new ideas, behaviors and technology may exhibit cascading effects in social, economic and technological networks. These phenomena generally depend on the topology of the network as well as the nature of the local agents' dynamics. 
In this thesis we consider the Linear Threshold Model, deployed on random graphs. The model describes a binary activation process in a network of agents. At every iteration, each agent compares the number of active neighbors with a personal activation threshold, which determines the subsequent active or inactive state of the agent. The threshold condition can also be interpreted as a graphical game with coordination structure. In representing processes of technology adoption, it is more suitable a Permanent Activation variant of the Linear Threshold Model where active agents can never deactivate. We proved a sufficient condition under which the two version of the model coincide.
We analyzed the linear threshold model on a large random network, specifically the directed configuration model with heterogeneous agents. The tree-like local structure of the random networks allows to approximate the evolution of the expected fractional activation with a recursive equation. This equation, called Local Mean-Field dynamic, describes the evolution of the expected activation on an infinite tree with the same statistical properties of the original network. We proved a concentration theorem: for a generic instance of the network, the probability that the activation process and the Local Mean Field dynamic are close converges to one exponentially fast in the network size.
If the activation thresholds are constant, the analysis reduces to the study of the fixed point of a scalar autonomous system and the corresponding trajectories. This analysis gives the asymptotic extension of the activation: we observed that in networks with sufficiently heterogeneous thresholds selective activation may occur. With constant thresholds the approach can be extended to study the Permanent Activation dynamic.
Remarkably, the Local Mean Field dynamic equation and the concentration theorem continue to hold when the thresholds are dynamically adjusted, making the approach amendable to the design of control strategies. We formulated an optimal control problem and we considered a simplified version on a regular network. We compared  the optimal  solution with two sub-optimal strategies, developed with the aim to identify an heuristics for the problem's solution.
Several aspects of the research discussed in the this Dissertation can be further investigated and generalized. To mention one, the comparison of the analysis presented here with other network topologies and possibly real network data.



Analysis and Control of the Linear Threshold Model of Cascades in Large-Scale Networks. A Local Mean-Field Approach / Rossi, WILBERT SAMUEL. - (2015). [10.6092/polito/porto/2618306]





		
	




	
	
		
			
			
			
			
			
			
				
					
					
				
			
				
					
					
				
			
				
					
					
				
			
				
			
				
			
				
			
			
			
			
			
			Analysis and Control of the Linear Threshold Model of Cascades in Large-Scale Networks. A Local Mean-Field Approach.

			




























	
	


	
		
		
		
		
	





	
	
	
	
	
	
	
		
		
		
		
		
			
			
			
		
		
		
		
			
			
				
				
					
					
					
					
						
							
						
						
					
				
				
				
				
				
				
				
				
				
				
			
			
		
		
		
		
	


ROSSI, WILBERT SAMUEL



			2015

			

			
				Abstract

				The spread of new ideas, behaviors and technology may exhibit cascading effects in social, economic and technological networks. These phenomena generally depend on the topology of the network as well as the nature of the local agents' dynamics. 
In this thesis we consider the Linear Threshold Model, deployed on random graphs. The model describes a binary activation process in a network of agents. At every iteration, each agent compares the number of active neighbors with a personal activation threshold, which determines the subsequent active or inactive state of the agent. The threshold condition can also be interpreted as a graphical game with coordination structure. In representing processes of technology adoption, it is more suitable a Permanent Activation variant of the Linear Threshold Model where active agents can never deactivate. We proved a sufficient condition under which the two version of the model coincide.
We analyzed the linear threshold model on a large random network, specifically the directed configuration model with heterogeneous agents. The tree-like local structure of the random networks allows to approximate the evolution of the expected fractional activation with a recursive equation. This equation, called Local Mean-Field dynamic, describes the evolution of the expected activation on an infinite tree with the same statistical properties of the original network. We proved a concentration theorem: for a generic instance of the network, the probability that the activation process and the Local Mean Field dynamic are close converges to one exponentially fast in the network size.
If the activation thresholds are constant, the analysis reduces to the study of the fixed point of a scalar autonomous system and the corresponding trajectories. This analysis gives the asymptotic extension of the activation: we observed that in networks with sufficiently heterogeneous thresholds selective activation may occur. With constant thresholds the approach can be extended to study the Permanent Activation dynamic.
Remarkably, the Local Mean Field dynamic equation and the concentration theorem continue to hold when the thresholds are dynamically adjusted, making the approach amendable to the design of control strategies. We formulated an optimal control problem and we considered a simplified version on a regular network. We compared  the optimal  solution with two sub-optimal strategies, developed with the aim to identify an heuristics for the problem's solution.
Several aspects of the research discussed in the this Dissertation can be further investigated and generalized. To mention one, the comparison of the analysis presented here with other network topologies and possibly real network data.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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