
In[1]:= H* -------------- Majority Rule Group Size G odd -------------- *L
H* Parameters setting and initial conditions *L
G = 3;

NS = G - 1;

ΡA = 1;

Α = HΡA * gL^-1;

Β = HΡB * gL^-1;

In[6]:= H* pXY:probability that an agent X switch opinion

towards Y as a result of the Majority Rule group size G=NS+1 *L
pA :=

dA

HdA + dBL;

pB :=
dB

HdA + dBL;
H* pAA :=Sum@NS!�Hi!*HNS-iL!L*pA^i*pB^HNS-iL,8i,Floor@NS�2D,NS<D;*L

pBA := â
i=0

FloorB NS

2
F-1

NS!

i! * HNS - iL!
* pA

HNS-iL
* pB

i
;

pAB := â
i=0

FloorB NS

2
F-1

NS!

i! * HNS - iL!
* pA

i
* pB

HNS-iL
;

pAA := 1 - pAB;

pBB := 1 - pBA;

In[12]:= H* Definition of the Steady State System *L
steadySystem = 8

Σ * eA - Α * dA � 0,

Σ * eB - Β * dB � 0,

pAA * Α * dA + pBA * Β * dB - Σ * eA � 0,

pAB * Α * dA + pBB * Β * dB - Σ * eB � 0<;
conditions = 8

dA + dB + eA + eB - 1 � 0,

dA ³ 0,

dB ³ 0,

eA ³ 0,

eB ³ 0,

Σ > 0,

g > 0,

1 > ΡB > 0<;
variables = 8dA, dB, eA, eB<;

In[15]:= H* Compute steady states *L
rule = ConditionalExpression@a_, b__D ® a;

equilibria =

Simplify@Solve@Rationalize@Join@steadySystem, conditionsDD, variablesD �. ruleD;
Print@"There are ", Length@equilibriaD, " steady states"D;
Print@equilibriaD;
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In[19]:= H* Compute eigenvalues *L
steadySystemLHS = steadySystem �. Equal@x_, y_D ® x;

jac = Outer@D, steadySystemLHS, variablesD;
eigenValues = Map@Eigenvalues@jac �. ðD &, equilibriaD;

In[24]:= H* Stability analysis *L
For@eq = 1, eq < Length@eigenValuesD + 1, eq++,

ev = eigenValues@@eqDD;
Print@"Equilibrium@", eq, "D:", equilibria@@eqDDD;
Print@"Eigenvalues:", evD;
For@evIt = 2, evIt < Length@evD + 1, evIt++,

eval = Rationalize@ev@@evItDDD;
conditions = 8FullSimplify@evalD < 0, Σ > 0, g > 0, 1 > ΡB > 0<;
variables = 8Σ, g, ΡB<;
red = Reduce@conditions, variablesD;
Print@"Condition satisfiedHev@", evIt, "D<0L: ", redD;D;

Print@"--------------------------------------"D;
D;
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--------------------------------------
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B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I5 g3 Σ
3

Ρ
B

8M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

Ig3 Σ
3

Ρ
B

9M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

&,

2F,
1

g ΡB H1 + ΡBL2

RootB-ð1
3

+ ð1
2 I-1 - 3 ΡB - 2 g Σ ΡB - 3 Ρ

B

2
- 4 g Σ Ρ

B

2
- Ρ

B

3
- 2 g Σ Ρ

B

3M +

Ig3 Σ
3

Ρ
B

4M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I6 g3 Σ
3

Ρ
B

5M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

Ig4 Σ
4

Ρ
B

5M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I16 g3 Σ
3

Ρ
B

6M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

+
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I7 g4 Σ
4

Ρ
B

6M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I26 g3 Σ
3

Ρ
B

7M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I21 g4 Σ
4

Ρ
B

7M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I30 g3 Σ
3

Ρ
B

8M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I35 g4 Σ
4

Ρ
B

8M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I26 g3 Σ
3

Ρ
B

9M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I35 g4 Σ
4

Ρ
B

9M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I16 g3 Σ
3

Ρ
B

10M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I21 g4 Σ
4

Ρ
B

10M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I6 g3 Σ
3

Ρ
B

11M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I7 g4 Σ
4

Ρ
B

11M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

Ig3 Σ
3

Ρ
B

12M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

Ig4 Σ
4

Ρ
B

12M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

ð1 -ΡB - g Σ ΡB - 4 Ρ
B

2
- 5 g Σ Ρ

B

2
- g

2
Σ
2

Ρ
B

2
- 6 Ρ

B

3
- 10 g Σ Ρ

B

3
- 4 g

2
Σ
2

Ρ
B

3
-

4 Ρ
B

4
- 10 g Σ Ρ

B

4
- 6 g

2
Σ
2

Ρ
B

4
- Ρ

B

5
- 5 g Σ Ρ

B

5
- 4 g

2
Σ
2

Ρ
B

5
- g Σ Ρ

B

6
- g

2
Σ
2

Ρ
B

6
+

Ig3 Σ
3

Ρ
B

4M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I5 g3 Σ
3

Ρ
B

5M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I10 g3 Σ
3

Ρ
B

6M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I10 g3 Σ
3

Ρ
B

7M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

I5 g3 Σ
3

Ρ
B

8M � I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

+

�

&, 3F>
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Ig3 Σ
3

Ρ
B

9M �

I1 + g Σ ΡB + Ρ
B

2
+ g Σ Ρ

B

2M2
g Σ ΡB

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

+
g Σ Ρ

B

2

1 + g Σ ΡB + Ρ
B

2 + g Σ Ρ
B

2

2

&, 3F>

Condition satisfiedHev@2D<0L: Σ > 0 && g > 0 && 0 < ΡB < 1

Condition satisfiedHev@3D<0L: Σ > 0 && g > 0 && 0 < ΡB < 1

Condition satisfiedHev@4D<0L: False

--------------------------------------
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