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Complexity

) editorial

Complexity matters
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Complex Networks

Social networks

Communication
networks

Transportation
networks

Electrical networks
Interacting molecules
Scientific collaborations
Citation networks

Spin glasses
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Layered Networks
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Layered Networks

Xj = —Z]Ll(.jl)xj—{—n,- i=1,..n, (1)
j=1
yi = ZL(2)yJ + i({x} {yk}) i=1,..n, (2)

Simplest choice: fi({xk}, {yx}) =xi —n"'>;x
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Layered Networks

Analytical treatment:

Z A4 1)1.*/ Wy an (1)dt u((ll?, (3)
vi(t) = Zef)ﬁ) / @y ZXJ ()dt uy ) (4)

X,'(t)
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Layered Networks

Analytical treatment:

X,'(t) — Ze—)\l)t/
A2
ne) = S [l
Layer 1:
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Layer 2

Z Ul u(l) dt/ u&l? ,

t’ZXJ ()dtu
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Layered Networks

Analytical treatment: — Same networks

Layer 1:
2 2
20 _ o Ha,i
o) = Y 9)
[e%
Layer 2:
B Y

(v7) = %Z el (10)
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Layered Networks
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Layered Networks

Erdds-Rényi
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Layered Networks

Cycle

W5 1 WS I BA ER
p i AP =0.0158 | AP =0.0156 | A =0.273 | ALY =2.302 | A =3.02
o Cycle 1 0.405 0.286 0.131 2.8 x 10~
A2 — 0.0158 819 744 23.856 0.905 0.766
Y 0.405 1 2.5 % 1075 0.0197 0.0113
A2 = 0.0156 725 673.51 19.81 0.881 0.738
VST 0.286 25x10°° 1 0.126 0.0123
AP = 0.273 31 2.673 1.346 0.0733 0.0535
) BA 0.131 0.0197 0.126 1 8.5 x 104
AP = 2302 0.048 0.0504 0.0329 0.0372 0.0169
, ER 2.8 x 10~* 0.011 0.0123 8.5 x 10~* 1
A2 — 302 0.0251 0.0253 0.0173 0.0123 0.0182

Melvyn Tyloo (melvyntyloo.com)

University of Naples Federico Il, Italy

mtyloo@lanl.gov — 11/10/22

11/22


https://www.melvyntyloo.com/

Layered Networks

More layers

n

o= =Y LIz +(nd{z)) i=1.n, (11)

j=1
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More general coupling function

Coupling function: fi({x}, {yx}) = —(1yi — vXi),

(1
V2 b DD B kU uieg A+ N+ N + 24 @),
) 257 AP0 A 2 +A2)+u)(/\( VAR oy
(12)
Same networks
2.2 2
2y _ Vo ug, ;
V=5 %:Aa(&w 1)(2Aa + 1) (13)

Melvyn Tyloo (melvyntyloo.com) University of Naples Federico Il, Italy mtyloo@lanl.gov — 11/10/22 13 /22


https://www.melvyntyloo.com/

Colored noise

Two-point correlator: (n;(t)n;(t')) = d; 778 e~ lt=t'l/70

(1)2

Z (1)2 ’ (14)
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’y kU ¥,/ a k ﬂ / (2) ( )
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%:7 7 A2y @ Ui (1)
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Layered Networks: Multistability

Kuramoto oscillators:

n
X; = _Zb:('jl) sin(x; —xj)+mn; i=1,..n,
j=1

. (16)
yi= =Y b sin(yi —y) + i({ad, ) i=1,.m,
j=1

Simplest choice: fi({xx}, {yk}) = x; — n~? ijf
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Layered Networks: Multistability
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Layered Networks: Multistability

a b
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Layered Networks: Multistability

MT, arXiv:2210.01180 (2022)

Melvyn Tyloo (melvyntyloo.com) University of Naples Federico Il, Italy mtyloo@lanl.gov — 11/10/22 18 /22


https://www.melvyntyloo.com/

Layered Networks: Multistability

Rescaled noise: ¢ = d dx

YR =g (17)
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Layered Networks: Multistability
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Layered Networks: Multistability

Rescaled noise: ¢ = d dx

nt Z<§:2> = 77(% ) (18)
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Conclusion

@ Layered networks: cannot be considered independently.

@ More complexity — richer network dynamics ... more vulnerabilities.
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