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Stability analysis and parameterisation choice for
multiagent simulations on fully-connected networks

To determine the parameters of case study I-A, we analyse the macroscopic ODE model.
To meet the requirement of consensus decision, the model must display equilibria for the
points SA = {ΨA = 1,ΨB = 0} and SB = {ΨA = 0,ΨB = 1}. The system has equilibria
SA and SB for αA = αB = 0. We choose σA = σB = 1, and we perform a stability
analysis of the system as a function of the parameters γi, ρi, i ∈ {A,B}. Given the
domain space:  0 ≤ Ψi ≤ 1, i ∈ {A,B}

0 ≤ ΨU ≤ 1
ΨA + ΨB + ΨU = 1

, (1)

the analysis of the macroscopic ODE model reveals three possible equilibria: SA, SB
and SX . Equilibria SA and SB do not change position and are always present for any
parameterisation but change stability. In contrast, equilibrium SX is always unstable
and appears only when SA and SB are both stable, as a function of the parameters γi
and ρi. The stability analysis gives:

SA is stable ⇔ γB < γA + ρA
SB is stable ⇔ γA < γB + ρB

(2)

The equilibria SA and SB change stability through transcritical bifurcations, and when
one of the consensus solutions is unstable, the other one is the unique stable solution.

Given Eq. (2), we can parametrise the system to minimise the chance of wrong
decisions. We require that there exists only one stable solution for a quality difference
above a target resolution R:

|vA − vB |/max(vA, vB) > R (3)

Let us assume vA > vB . On the one hand SA must be the only stable solution, and
therefore SB should be unstable, hence γA > γB + ρB . On the other hand, the
constraint on the target resolution implies that vA − vB/vA > R. We select linear
functions that link macroscopic transition rates to quality:

γi = fγ(vi) = k vi ρi = fρ(vi) = h vi, i ∈ {A,B} (4)
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where k and h are tuneable parameters. To satisfy our design choices, we combine the
above equations and solve the system:{

k vA > k vB + h vB
vA − vB > vAR

→ k > h (1−R)/R (5)

An identical relation can be obtained assuming vB > vA. We arbitrarily select the
target resolution R = 0.15, and we finally select a parameterisation that complies with
the prescribed bounds: h = 0.1 and k = 0.6.
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