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We study a model of confident voters dynamics with bias, i.e. where a fraction of voters prefer a fixed opinion. We consider the model defined on both biased-

independent and biased-dependent topologies. In the former case, we obtain analytical results for an all-to-all and an ER random network topologies which we confirm

through numerical simulations. In particular, we find that the consensus time scales logarithmically with effective bias, i.e. the value of bias multiplied by the number of

biased nodes. In the case of the biased-dependent topology, we consider as the defining parameter of the topology of the network the ratio of the density of connections

among only biased nodes (B) and among only unbiased nodes (U). Based on this, we present two models through which this ratio can be varied and through simulations

we identify the effect this has on the consensus time. We find that while varying the average degree among B-U voters (everything else constant) has no effect on the

consensus time, when the biased voters form a well-organized minority, the time to reach consensus is reduced significantly.
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Conclusions

Biased-dependent topology

Biased-independent topology

A. Preassign node type (fraction 𝛾 of them are biased)

B. Model dynamics:

1. Choose 𝑖𝑡ℎ voter ~ 𝑼 𝒊 & 𝑗𝑡ℎ neighbor ~𝑼 𝒋 , 𝑼: uniform dist.

2. Update 𝑖𝑡ℎ voter’s opinion 𝑠𝑖 according to 
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All-to-all topology

ER network

Assumptions

𝜎 ≔ σ𝑘 𝑃𝑘𝜎𝑘
where 𝜎𝑘 ≔

𝑛𝑘

𝑁𝑘

𝜎𝐿 ≔
1

𝜇
σ𝑘 𝑘𝑃𝑘𝜎𝑘

where 𝜇 ≔ σ𝑘 𝑘𝑃𝑘

Spin magnetization:

Degree-weighted 

spin magnetization:

Active link (↔) density:

1. Pair approx.                                indep. of the other 

links of 𝑖𝑡ℎ voter ⇒
2. Uncorrelated network

𝑃 𝑠𝑗 = ∓1|𝑠𝑖 = ±1, 𝑘𝑗 = 𝑘 = 𝑃 𝑠𝑗 = ∓1|𝑠𝑖 = ±1 = Τ𝜌 2

All-to-all: All-to-all and ER random network topologies

𝜌 = 2𝜎 1 − 𝜎

3. Adiabatic approx.
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𝜹 > 𝜹𝒓𝒂𝒏𝒅

𝜹 < 𝜹𝒓𝒂𝒏𝒅

Model I

Model II

𝜇𝑈𝐵 ↑

𝜇𝑈𝐵 ↓

𝜇𝐵𝐵 ↓

𝜇𝐵𝐵 ↑

𝜇𝐵𝐵 ↑
𝜇𝑈𝑈 ↑

𝜇𝐵𝐵 ↓
𝜇𝑈𝑈 ↓

𝜇𝑈𝑈 ↓

𝜇𝑈𝑈 ↑

Intergroup VS Intragroup interactions

Biased VS Unbiased interactions

Fix γ, 𝜇

⇒ vary 𝜇𝑈𝐵

Opinion -1, Unbiased voter

Opinion 1 , Unbiased voter

Opinion -1, Biased voter

Opinion 1 , Biased voter

Biased -1 to Biased 1

Biased -1 to Unbiased 1

Unbiased -1 to Biased 1

Unbiased -1 to Unbiased 1

Biased network av. deg.

Unbiased network av. deg.

Unbiased-Biased av. deg.

Biased ONLY av. deg.

Unbiased ONLY av. deg.

⇒ vary 𝜇𝐵𝐵

&

• Devised a model of biased voters as heterogeneity to a group of unbiased voters with confidence.  

• Obtained analytical results for special cases of various observables for the biased-independent topologies scenarios.
all-to-all

ER network lim 𝜏 𝜎0 ≈ Τ1 2 ; ෨𝛽 ∝ ൝
𝑁 ෨𝛽 → 0

Τlog𝑁 𝛾𝑣 ෨𝛽 → ∞

• Considered biased dependent topologies. 2 models to study exogamous to endogamous transition for biased communities. 

Main result: The better connected the biased community is, the faster consensus is reached. 

Consensus time scales logarithmically with effective bias 𝛾𝑣𝑁. 

ER network: for 𝜌 𝜎 computer

simulations (symbols) agree with

analytical calculation (solid

lines).

• Absorbing state 𝜏 VS effective

bias 𝛾𝑣𝑁.

• 𝜏 ↑ as average degree 𝜇 ↓

• 𝜏 ER > 𝜏 all-to-all

Absorbing state 𝜏 VS effective

bias 𝛽 = 2𝛾𝑣𝑁 at the asymptotic

limit for an all-to-all network:

• Time to reach consensus 𝜏 (black line) and time to reach consensus

in preferred state, 𝜏1 (red line)

• 𝜏 and 𝜏1 coincide for 𝜎 =
1

2
in the all-to-all case.

• For large 𝛽 and 𝜎 𝑡 = 0 , 𝜏 and 𝜏1 coincide as the prob. to reach

consensus at preferred state is almost 1.

• Time to reach consensus, 𝜏 for the biased-independent ER topology

(green line, analytical result) and the biased-dependent topologies

using model I (blue line) and model II (red line).

• Model II: 𝜏 ↓ as 𝛿 ↑
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