= (% =—=—=——————————— Majority Rule Group Size G odd ---—-—————————- *)
(* Parameters setting and initial conditions =x)

G = 3;
NS = G-1;
pa=1;

a= (pa*xg)N-1;
B=(psg*g)N-1;

nel= (% pXY:probability that an agent X switch opinion
towards Y as a result of the Majority Rule group size G=NS+1 %)

da
Pa iz ——;
(da +dg)
dp
Ps = 7 i
(da +dg)

(* PAA :=Sum[NS!/(i!% (NS-1i)!) *pANAi*pBA(NS-i), {i,Floor[NS/2],NS}];*)

Floor[Nz—s]-l NS !

Ppa := —*PA(NS_i) *PBi;
ico il % (NS-1i)!
Floor %]—1 NS ! ' '
Pas := ———*pa’ *PB(NS_l);
ito il%x (NS-1i)!
Par :=1-Das;
Pes := 1 -Dga;

n2i= (* Definition of the Steady State System x)
steadySystem = {
oxep-axdy =0,
oxeg-fBxdg =0,
Par*a*xdy +ppa*B*dg—oxep == 0,
Pap*0*dp +pPpg* Brxdp-0oxep==0};
conditions = {
dp+dg+ey+eg-1==0,
d, = 0,
dg 2 0,
2 0,
eg 2 0,
o>0,
g>o0,
1>p5>0};
variables = {da, dg, ea, €5};

ea

5= (* Compute steady states =*)
rule = ConditionalExpressionf[a_, b__] » a;
equilibria =
Simplify[Solve[Rationalize[Join[steadySystem, conditions]], variables] /. rule];
Print["There are ", Length[equilibria], " steady states"];
Print[equilibria];
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There are 3 steady states

go 1
{{dAe—, dg >0, ea > ——, eBeO},

l+go0 l+go0
gope 1 g oph
{dAeO,dBeg,eAeO,egei},{dA% ,
1+gops 1+g0ps l+gops+ (L+go) P}
g 0 Ps Jeks 1
dp = , ea > , g —> }}
l+qop}3+(lJrqo)pf3 l+gopB+(l+go}p§ 1+qcpE+(l+gO)pf3

nf9= (% Compute eigenvalues #)
steadySystemLHS = steadySystem /. Equal[x , y_] - x;
jac = Outer[D, steadySystemLHS, variables];
eigenvValues = Map[Eigenvalues[jac /. #] &, equilibria];

n24= (% Stability analysis =)
For[eq = 1, eq < Length[eigenValues] +1, eg++,

ev = eigenvValues|[[eq]];

Print["Equilibrium[", eq, "]:", equilibria[[eq]]]:

Print["Eigenvalues:", ev];

For[evIt = 2, evIt < Length[ev] +1, evIt++,
eval = Rationalize[ev[[evIt]]]:
conditions = {FullSimplify[eval] <0, c>0,g>0, 1>pg>0};
variables = {0, g, ps};
red = Reduce[conditions, variables];
Print["Condition satisfied(ev[", evIt, "]<0): ", red]:;]:

Print["---—————— "1;
1:
go 1
Equilibrium[1] :{dA% —,dg >0, ea > r €p = 0}
l+go l+go

. 1 —-Pr — 9 O Pp

Elgenvalues:{——, 0, -o, —}
g OB g PB

Condition satisfied(ev[2]<0): False
Condition satisfied(ev[3]<0): 0>0&&g>0&&0<pg<1

Condition satisfied(ev[4]<0): 0>0&&g>0&&0<pg<1

L g ops 1
Equilibrium[2] :{dA% 0,dg»> ————,ex~>0, eg~> }
1+go0ps l+gops
1 -1l-gops
Eigenvalues:{o, -—, -0, 7}
g g PB

Condition satisfied(ev[2]<0): 0>0&&g>0&&0<pp<1
Condition satisfied(ev[3]<0): 0>0&&g>0&&0<pp<1

Condition satisfied(ev([4]<0): 0>0&&g>0&&0<pp<1



Equilibrium[3]: {dA -

g o 3

g O P

dg >

l+gops+ (L+g0) pg

2

l+gopg+ (L+g0) pg

’

2

ODEmodel.nb

S s

l+gops+ (1L+g0) pg

- g
2

l+gopg+ (l+go)p

)

B

Eigenvalues: {O ,

1

g OB (1+DB)2

2 2
5 g 0 pPs g o p3
<g3g3pé>/ (1+gopB+pé+gop§) [ . 2+ . . +
l+gopp+pg+gopg 1l+gops+pg+90pg
gop g 0 03 :
2 B B
(6g3o3pg)/ (1+gopg+p§+gop§) ( + ) +
1+90pe+0a+9005 1+gOps+03+90p0}
gop g o003 :
2 B B
<g4g4pg)/ (1+gopB+p§+gop§) [ . 2+ . 2) +
l+goppg+pg+gopg 1l+gops+pg+90pg
gop g 0 o} ?
B
(16g3o3pg>/ (1+gch+p§+gopé)2 + 2 +
1+900s+03+90P5 1+gO0pp+0h+9g0pE
gop g ool ’
B B
<7q4o4pg)/ (1+gopE+p§+qop§)2( + ) n
1l+gops+Pg+90ps 1+gops+pg+90p0h
gop g 0 o} :
B
(26g3o3pg)/ (1+gops+p2+gopl)’ + -
l+gopp+pi+gopi 1l+gopg+p2+gop
gop g0 Pk :
B
(21«;404@;)/ (1+g0ps+p+gop}) * A
l+gops+pi+gop: 1l+gops+p2+gop
gop g 0 P} :
B
(30g3o3p§)/ (1+g0ps+02+g002)? + -
l+gops+0i+900pf 1l+gopsg+pi+gopi
gop g o Pl :
B
(35g4o4pg>/ (l+gopB+p§+g0pé)2 n E
l+gopsg+pi+gop: 1l+gops+p2+gop
gop g 0 P} :
B
(26g3030§)/ (1+gops+pi+gopl)’ + .
l+gops+0i+90pf 1l+gopsg+pi+gopi
gop g 0 P} 2
2 B B
(35g4o4p§>/ (1+gopB+p§+g0p§) n

Root{—ﬁfﬂilz (—1—3pB—2gopB—3p§—4gopﬁ—pg—2gopg) +

l+gopsg+pi+gop: 1l+gops+p2+gop

2 (S oo}
(16 ¢° 0 Déo)/ (L+gops+03+go002) ( +
1+gops+PE+g0pE 1+gops+PE+9o00E

5 21 2 g 0 OB
1+g0ps+Ph+9003) - —+
l+gops+pPs+90Pg

<21g4o4pé0
1+gops+pPE+gop:

2 2
5 g O Qs g 0 Pg
<6g3o'3pél>/ <1+gopB+p§+gap§> ( 5 o+ 5 - +
l+gopg+pg+gopg 1+gops+pg+90pP3
gop g 003 2
2 B B
<7g404p%1>/ <l+gopB+p§+gop§> ( + ] +
l+gops+pi+gop: 1l+gops+p2+gopd
gop g 0o} ’
2 B B
<g303pé2)/ (1+gopB+p§+g0p§) ( - o - 2] +
l+gopg+pg+gopg 1+gops+pg+90pg

9003 )2
R

gopd )2
N

| 3
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2 2
5 g ops g o 0%
(g4040é2)/ (1+g0ps+0%+g003) ( 5 ~ 5 Il
l+gopg+pg+gopg 1+gops+pg+90pPg

Hl |-op-gope-40h-590p-9°0°p-6p3-10g0p3-4g°>0° o3 -

4pp-10g0ps-6g° 0’ pg-pp-590p3-49°0”pi-gops-g”o’pg+

2 2
2 g O PB g o Py
(q3030é)/ (L+gops+pE+go00}) ( 5 o+ 5 Il
l+gopp+pg+gopg l+gops+pg+90pg
gop g0p3 :
2 B B
<5g3o'3pg)/ (1+gopB+p§+gop§> ( ; o 5 2) +
l+gopg+pg+gops 1l+gops+p5+900;

2

g O Pp gop
(10g303p§)/ (1+gopB+p§+gop§) [ n =
1l+gopp+0s+90ps 1+gops+0s+900E

IE
)

2
2 g 0 PB g o Py
(10g303pg 1+gopB+p§+gop§) [ ) 2+ 5 ;
l+gopg+pg+9gops 1l+gops+pPg+90p0;
2
2 g O PB g 0 pg
<5q303p§)/ <1+gcpE+p§+qu§) ( . 2+ . . +
l+gopg+pg+gopg 1+gops+pg+90pPg
gop g0p3 ’
2 B B
<g3g3pg)/ (1+gopg+p§+gop§) ( 5 o+ 5 2) &,
l+gopsg+pg+9g0pg 1+9g0ps+P5+9g00;

1
1}, Root[—tt13+1:t12 (—1—3pB—2gopB—3p§—4gop§—pg—2gcpg) +
g P (1+DB>2

2 2
2 gope g oof
<g303pé)/ (l+gopB+p§+gop§) [ . 2+ . . +
l+go0ps+pPg+90Pg 1l+go0ps+pPg+90Pg
gop g 0 03 ?
2 B B
(6q303o§)/ (L+gops+03+go002) ( + ) +
1+gopp+Pa+90ps 1+gops+pi+9g0p;
gop g 0 03 :
2 B B
<g404pg)/ (l+gopB+p§+gop§) [ . 2+ 2 2) +
1l+go0ps+Ps+90Pg l+g0ps+pPg+90Pg
gop g 0 P} :
B
(16g303pg>/ (1+gOpB+p§+gop§)2 + = n
l+gopp+0s+90ps 1l+gops+ps+90p0E
gop g 0 03 ’
B B
<7g404pg)/ (l+gopg+p§+gop§)2( + ) +
l+gopsg+pi+gop: 1l+gops+pi+gopd
gop g 0 P} :
B
(26g303pg>/ (1+g0pB+p§+gap§)2 + = n
l+gops+0s+90ps 1+gops+0ps+90p0E
gop g 0 P} ?
B
(21g4o4pg>/ (1+gopB+p§+gop§)2 + z +
1+900s+03+9005 1+gO0pp+Ph+900E
gop g 0 P} :
B
(30g303pg>/ (1+gopB+p§+gopé>2 + 5 +
l+gopp+0s+90ps 1+gops+0ps+90p0E
gop g 0 P} :
B
(35g4o4p§>/ (1+gopB+p§+gopé)2 + z +
1+900s+03+9005 1+gO0ps+Ph+90pE
gop g 0 P} :
2 B B
(26g303p]93>/ (1+gopB+p§+gop§) + +

l+gopp+0s+90ps 1+gops+0s+90p0E
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2 2
, g o0 gopd
(35g4o4p§)/ (L+gops+0}+g0p}) ( + *
l+gopp+0s+90ps 1+gops+0ps+90p03E
gop g 0 03 ’
2 B B
<l6g3o3pé0)/ (1+gopB+p§+gop§) ( + ) +
1+90ps+0a+9005 1+gO0ps+03+90p0}
gop g 0P} :
2 B B
<2lg404pé0)/ (1+qopB+p§+gop§) ( + ) n
l+gopp+Pg+9gops 1+gops+ps+90ph
2 2
2 g o Ps g 0 Pg
<6g303pé1>/ (1+go,oB+p§+g0,o§> ( + +
1+900s+0Pa+9005 1+g0ps+03+9004

2 2
, g ops gop
(7q4040é1)/ (1+go0ps+0k+g00}) - ~ 5 Il
l+gopg+pg+gopg 1+g0ops+pg+90pPg
gop g 0 o} ’
2 B B
<g303pé2)/ (1+gopB+p§+gop§) ( + ] +
1+g00s+0a+900, 1+gOps+03+90p04
gop g o Pl ’
2 B B
<g4g4pé2)/ (1+gopB+p§+gop§) ( " St ) 2] +
l+gopg+pg+g0ps 1l+gops+pPg+90pP;

"l |-pg-gops-4pi-5g0ph-g° 0’ pi-6p3-10gopg-4g”0’p3-

4pp-10g0ps-6g° 0’ pg-pp-590p3-49°0”pi-gops-g”o’pg+

2 2
g o s g oof
2
<g3030é)/ (1+gopE+pé+qop§) ( . 2+ 2 2) +
l+go0ps+pPs+90Pg 1l+go0ps+pPg+9O0Pg
gop g0p3 :
2 B B
<5g303p§)/ <l+gopB+p§+gcp§> ( . 2+ S 2) +
l+gops+pPs+90pPg l1+g0ps+pPg+90pPg
gop g 0 P2 :
2 B B
(10g303pg)/ (l+gopB+p§+gop§) [ 5 o+ - 2) n
l+go0ps+pPg+90Pg l+gops+pPg+90Pg
gop 9003 :
2 B B
(10g303pg)/ (1+gopB+p§+gop§,) [ 5 ~+ 5 2) ¥
l+gopg+pg+90ps 1+gops+pPg+90pPg
gop g 0 P2 ?
2 B B
<5g303pg)/ <1+go,oE+p]23+gOp§> ( . 2+ . 2) +
l+gopg+pPg+90pPg l+go0ps+pPg+90Pg
2 2
; gope gopi
(g303p§)/ (1+gops+0i+g003) ( 5 o 5 - &,
l+gope+pPg+90p5 1+gops+Pg+90pP5
1
2},4Root[—nl3+ﬂ12 (-1-3ps-2g90ps-305-4g90pf-03-29003) +
qu(l+DB>2
gop g 0 03 ?
2 B B
<g303pé)/ (l+gopB+p§+gop§) [ . 2+ 2 2) +
l+gopsg+pg+9g0pg 1+g0ops+Pg+90p0;
gop 9003 ?
B B
(6g3030]‘3)/ (1+qoos+oé+gop§)2( + ) +
l+gopp+pg+9g0ops 1+gopps+ps+90ph
gop g 0 o3 :
2 B B
<g4o4pg)/ (1+gopB+p§+gop§) [ ; o+ . 2) +
l+gopg+pPg+90pg 1+gOops+pPg+90Ps
gop 9003 :
B
(16g303pg>/ (1+gopB+p§+gop§)2( + = ) +
l+gopp+0s+90ps 1+gops+0s+90p0E
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(7g40402)/ (1+gops+pE+gopl)’

(26 g’ o’

<21 gt ot

(30g°0°

<35 gt ot

(26 g’ o’

<35 gt ot

(16g3
(21¢*
(6g303pé1)/ (l+gop}3+p§+gop§>2(

(7q4040é1)/ (1+g0ps+02+g002)° (

o.3 péo)/

2
04pé°)/ (1+gg,oE+p§+qop§) (

DE)/ (1+go0s+0d
D%)/ (1+gops+0d
03)/ (1+go0s+p3
DS)/ (1+gops+0d
0]93)/ (L+gops+0d
p%)/ (1+goos+0d

+gopi)’
+gop?)?
+gopi)’
+gop?)?
+gopd)’

+gop?)?

((1+gopB+p§+gcp§)2 (
(

(g% o® Déz)/ (1+gops+02+go002)’ (

(g* 0401%2)/ (1+g0ps+pi+gopi)’ (

g O CB

g oph

1+gopp+pE+90ph

g O P

+

1+gopp+0g+90p0h

gopi

1+g0ps+08

g O Ps

+g o0}

1+go0ps+08

g oph

+g 00}

1+g0ps+08

g O P

+g o2

1+g90ps+ 08

g o pf

+gop2

1+g0ps+08

g O P

+gopd

1+g0ps+08

g o p3

+g0pd

1+g0ps+08

g 0 Ps

+g o2

1+g0ps+ 08

g opi

+gop2

1+g0ps+08

g O P

+g 003

1+go0ps+0f

g o p3

+g 003

1+g0ps+08

g 0 OB

+gop2

1+g0ps+08

g oph

+gop2

g O CB

1+g0ps+PE+90p3

+

1+go0ps+pPE+9003

g o p3

']

1+gops+pPg+90ph

+

1+gops+0g+90p0h

)Z

2
] .
+g 003

2
] .
+gopk

g opPs g o P2
1+g0ps+pP3+9003 ' 1+90ps+03
gops gopd
1l+gops+0E+900% ' 1+90ps+0h
g o pPs g o p2
1l+gops+0h+90p0E ' 1+9g0ps+P4+90pP%

g O PB

g o 03

]ﬂ

1+g90ps+0h

+gopd

+

1+gops+pE+gopd

#l |-op-gops-40h-590p-9°0°pi-6p3-10g0p3-4g°0°pp-

4p5-10g0ps-6g° 0’ pg-pg-590pp-49°0°pp-gops-g”opg+

(q3o3pé)/ (1+gops+0}+gopi)’ (

(5g3o3o§)/ (1+gops+pE+gopl)’ (

(1+gops+pi+gopl)’ [

)/ [(1+gopB+p§+gop§)z[
|

8)/ (1+gopos+pi+gopl)’ (

g O PB

g o 03

]ﬁ

g O PB

1+gops+pPE+gopd

+

goph

1l+gops+pPE+gopd

I'):

1+g0ps+0p%+go0pE

4
l+gopg+

)2+

P +gopd

2 2
g O Pp g o Pg
+ +
l+gopsg+pi+gop: 1l+gops+pi+gop
2
gops g oph )]
+ +
l+gopp+0g+90ps 1l+gops+0ps+90p0E
2 2
9008 gopd )
+ +
l+gops+pi+gop: l+gops+pi+gopd
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o)/
g o pPs g o p2

(l+ 2 2)?
9O ps+ 0+ 9003 - —+ ; - &, 3
l+gopg+pg+gopg 1+gopg+pg+g0pg

Condition satisfied(ev[2]<0): 0>0&&g>0&&0<pg<1
Condition satisfied(ev[3]<0): 0>0&&g>0&&0<pg<1

Condition satisfied(ev[4]<0): False



