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The MV model consists of two-state spins o; = &1, j = 1,2,... N, located
in the nodes of a network of interactions with the distribution of the degrees
of nodes P(k).

The probability per unit time (rate) that the spin ¢; in node j flips is

w;(o) = % [1 —(1— Qp)r;rjaignj}

where o denotes the spin configuration, p is the internal noise parameter,

—1 for <0

sign; = sign ( > er) , sign(x) = { 0 fdor =0

j'enn; | +1 for 2 >0,

and nn; denotes a set of the nearest neighbors of the node j.
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In the g-neighbor MV (¢-MV) model at each elementary simulation step
the node j and a set of its ¢ neighbors (g-neighborhood) out of its k; neighbors
is chosen randomly.

The probability per unit time (rate) that the spin ¢; in node j flips is

wi(o) = % [1 — (1 — Qp)crjsignj}

=3

where

sign; = sign ( D UJ') )

erﬂnj‘q

and nn;, denotes the selected g-neighborhood of the node j.
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The probability P (o,t) that at time ¢ the spin configuration is o obeys
the Master equation

arto.) =% [w(e]o) P(7") —w (7| 0) P0.0].

At each time step transition occurs between spin configurations ¢/ — o
differing just by one spin flipped, thus the transition rate

w(o|o') =w; (o)

Performing ensemble average of the Master equation it is obtained that

3tl- = —2(ojw; (o)) = —(o;) + (1 — 2p)(sign;),

where (0;) = m is the mean value of the spin in node j (magnetization)
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(sign;) = (+1) Pr (Signj = —H) +(—1)Pr (Signj = —1)

Pt (signj = —1) = P ( Z ajr < {]} =

J'enn, .

o . r oy = “Pr(oy = —1)]""
“ 7 o E (0 Prtor = ety =
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% #
: = (4 i 11 [ e=1 gl 11 1
Ezo(z)fi(l‘ﬁ) “‘“g‘zerf[ T zlmz‘zeff{(g‘z)@]
#
: I_U (Dea-g7~ 5 -3t [(e-3) vad - %(E)s (1- &)

dm q
—r = —m + (2p — 1)erf (\/;m)

The above equation has a PM fixed point m = 0 which becomes unstable for

p < pe., where
p _ 1 1 B \/ qu—lf?
© 2 2

[t is interesting to note that this is the same result as for the MV model on
RRG with &; = const = q.
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Figure 1: The Binder cumulant U, the susceptibility y and the magnetization M vs. p for
the ¢-MV model with ¢ = 20 on SF networks with ¥ = 5.0, (k) = 100 and N = 5-107, 10,
2.10%, 5-10%, 104, 2-10* (in all cases curves with smaller maximum curvature correspond
to smaller N).

5 M(g) = [l m=N" s, (31)
(@) = N[0 = (ml)?)] (32)
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Figure 2: The critical value p. vs. ¢ for the ¢-MV model on networks with mean de-
gree (k) = 100, symbols: results obtained from MC simulations for RRG (circles), ERG
(squares), SF networks with ¥ = 5 (triangles), SF networks with 4 = 3.0 (pluses), SF
networks with 4 = 2.5 (crosses), solid line: theoretical result obtained in the MF approx-
imation.
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" #

M = N~*7fy (NY(p— p.))

x = qufx (ley(p_pc))
pe—p*(N) o« N7

where p* (V) denotes the value of p for which the susceptibility y of the model
on a network with NV nodes has a maximum value.

00> Il #
%>

QE+Z=DEffﬂ

v v
where the effective dimension D,;¢ = 1 is expected in the case of systems on
complex networks
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Figure 3: Log-log plots of the curves M (p.), x (p.) and p*(N) — p. vs. N for the ¢-MV
model with ¢ = 20 on SF networks with 4 = 5.0, (k) = 100 and N =5 - 10%, 10°, 2 - 10°,
5.10°%, 104, 2- 10*.
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Figure 4: Rescaled magnetization M N?/¥ and susceptibility YN~/ vs. (p — p.) N/¥ for
the ¢-MV model with ¢ = 20 on SF networks with ¥ = 5.0,(k) = 100 and N = 5-10?, 107,
2-10%, 5-10%, 104, 2 10%.
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Table 1. The critical value p., exponents 3/v, /v, 1/v, effective dimension D,
and the critical exponent 3 for the ¢-MV model with ¢ = 20 on different networks with

(k) = 100
m qe B/v v/v 1/v Dy B

RRG [ 0.3575 0.254(3) 0.491(3) 0.510(8) 0.999 0.498
ERG | 0.3575 0.252(4) 0.494(4) 0.513(10) 0.998 0.490
SF4=5 |0.3575 0.251(3) 0.500(3) 0.503(9) 1.002 0.499
SF4=3 | 0357 0.197(2) 0.610(4) 0.404(11) 1.003 0.487
SF 4 = 2.5 | 0.3565 | 0.144(6) 0.717(13) @ 1.005 0.527
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For any system on a network with the degree distribution P(k) character-
ized by the spin-flip rate f; (i, q, p) dependent on the number of active bonds

i the rate equations for the macroscopic quantities ¢, b in the PA are

dc " 3
a = 9 =7,
o 2

()6t - 0 o ) 1 - 20,

k
=0

o w2, et
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For a spin in a node with degree k with ¢ active bonds the flip rate

fe (i,q,p) is

fi (i,q,p) = ,C)é()( j)'w(i,q,p)=(%é(iz:?)(?)w(l,qﬁp),

2

where
1—p for [>q/2
wilgp)={ 1/2 for I=g/2
p for 1l<q/2.
[ ' " ( >1 9
1 >l 6 @<;A. +;.@ 0
dc . : q [ q—1 l q—I
2 = 2| ) [A—98 (1=0)"" = e (1 - 6)"" wl.q.p).
1=0
ob 2 g (Q) ! —1
= = = ¢, 0, (1—=0,)"" [(k) —2((k) — q) 0, — 2l] w(l, q,p).
o B iry sga :
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where

0 () = \/?HeXp [—QQ (9 - %)2] — %erf KQ - %) \/271] -,|

and 6* is a non-zero solution of a nonlinear equation

1 . q a
6" exp [—Qq (9* - 5) ] (1—20*) =27"1k)"'6*2 (1 —6%)2.
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