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[bookmark: _GoBack]In this section we present our agent-based model which is an extension of the 2-dimensional BC model with rejection mechanism proposed by Huet et al (2008). Our modifications derived from the well-grounded social psychological findings (Deschamps and Brown 1983; Brown et al. 1986; Kelly 1988; Leonardelli et al. 2010). For clarification purposes, first we describe the Huet et al’s (2008) model and then describe our modifications. Let’s consider a set of N individuals each having the following characteristics:
1) Opinion: a 2-dimensional vector containing x1 and x2 representing real numbers ranging from -1 to +1, reflecting the belief of node over two different issues. The continuous opinion can be interpreted as the extent to which agents are in favor of or against to a given issue.
2) Uncertainty: a 2-dimensional vector containing u1 and u2 representing by real numbers between 0 and 1 reflecting uncertainties related to x1 and x2 respectively.
At each simulation time step, instead of allowing each agent to interact with all of its neighbors, a pair of individuals is randomly selected to interact and update their belief. Here they condition the updating process based on the values of beliefs and uncertainties. Suppose agent i has beliefs x1i and x2i with uncertainties u1i and u2i, and agent j has beliefs x1j and x2j with uncertainties u1j and u2j. For sake of simplicity, they assume that all nodes have same uncertainties U. Then, agent i compares its beliefs with j’s and updates its beliefs. The general rule is that agents approach each other if they are close enough in both beliefs. Otherwise, they may ignore each other or reject and shift away. More formally, if: 

Then the two agents’ beliefs fall in their bounded confidence interval. Thus, they get closer to each other based on the following equations:
                (1)
                (2)
In these equations, µ is a constriction factor used to limit the convergence velocity. The assumption is that µ is constant and equal for all agents throughout the simulation. Another possible state is the case that two agents are close in one belief but far in another one: 


Here, depending on whether the difference is less than a certain threshold or not, two cases arise. To represent that threshold, they consider the “intolerance threshold” . Therefore, if the difference is below the predefined threshold, meaning:  


The dissonance is not strong enough to trigger the rejection. Therefore, the two agents ignore each other in belief 1 and approach each other in belief 2. 
               (3)
             (4)
However, if the difference is significant enough, meaning:

then the conflict is enough to make agents feel dissonance and thus trigger repulsive action. So the two agents shift away from each other in belief 2 and ignore belief 1. The movement should be large enough to resolve the dissonance.
             (5)
              (6)
Here psign(.) is similar to sign function, except that it returns +1 if the argument is 0. Moreover, the belief values are limited between -1 and +1 by incorporating the following rule:


Since the model has been built on the cognitive dissonance theory, it assumes that for cases in which two agents are far in both beliefs, there is no dissonance between them and therefore there is no influence from one to another and they simply ignore each other on both beliefs. 
For our modeling purposes, we modify the 2D BCR model in three ways. First, to make the model more realistic by letting agents to interact in a social network structure in which each agent has limited number of neighbors. While in 2D BCR model agents are allowed to interact with any random agent in the population, we limit this communication to only their immediate neighbors. Second, to capture the group identification mechanism, we randomly assign all agents to m different groups. Third, we modify the belief updating rule to incorporate empirical findings from social psychology literature. In general, the findings state that escalation of the perceived intergroup tensions leads individuals to differentiate more from out-groups (Deschamps and Brown 1983; Brown et al. 1986). In our proposed model, we assume that a tension between groups exist a priori in the population. Moreover, since the findings just held true for “differentiating beliefs”, we assume that x1 and x2 are differentiating beliefs. An example of differentiating beliefs can be “moral beliefs”, including religious beliefs. The differentiation escalation mechanism occurs when the two encountering agents are from different groups. We capture the increase in opinion movement by entering an intergroup differentiation escalation coefficient β (β > 1) in equation 5:
            (7)
The second term in the right hand side of the equation 5 determines the amount that agents shift away from each other in dissonance situation. By multiplying the coefficient β (β > 1) in this quantity, we increase the movement and let the agents to shift farther away in their beliefs compared to the 2D BCR model. As the tension escalates between groups of people, we can increase the coefficient β to make agents move farther away. If there is no tension between groups, β is set to 1. Based on these modifications, we expect to see more extremists in the population, as we increase the intergroup differentiation escalation coefficient β. In other words, the number of emergent extremists is a function of β and :

where the  represents the number of extremists at time step t,  is the interaction situation at time step t (attraction or rejection),  is the intergroup differentiation escalation coefficient (β > 1), and  is intolerance threshold. Table 1 compares the key features of the proposed model with some existing agent-based opinion dynamics models in the literature.
   Table 1: Lite Docking the Agent-based Opinion Dynamics Models
	Variables
	BC (Deffuant et al 2000) 
	RA (Deffuant et al 2002)
	Salzarulo (2006)
	Huet et al (2008)
	Differentiation Escalation

	Supporting Theory
	Cognitive Dissonance
	Cognitive Dissonance
	Self-Categorization
	Cognitive Dissonance
	Brown et al (1986)

	Dimension
	1
	1
	n
	2
	2

	Uncertainty
	Constant
	Dynamic
	N.A.
	Constant
	Constant

	Communication Regime
	Dyadic
	Dyadic
	Group
	Dyadic
	Dyadic

	Rejection Mechanism
	×
	×
	
	
	

	Conflict Escalation Mechanism
	×
	×
	×
	×
	



