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Amount of activator in node i at time t

Amount of inhibitor in node i at time t

Turing mechanism: diffusion driven instability
(on symmetric networks)

Local reaction term Diffusion term (Fick’s law)
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Turing mechanism:  
elegant and simple, but unable to describe patterns onset in many 
real scenarios.

 At least two diffusing species are needed;  

The inhibitor must diffuse much faster than the activator; 

 Activator and inhibitor are both necessary.
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Beyond the Turing mechanism: non normal network

non-normal support

 The homogeneous equilibrium remains stable; 
 One species is enough; 
 No need for separate diffusion scales:  
 No need for activator/inhibitor.

Du ⇠ Dv
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Network non-normality 
reduces the stability of the 
homogeneous equilibrium.

Because of a strong transient amplification
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The origin remains stable but small perturbations can be 
macroscopically amplified and create patterns.

ẋi = rxi(1� xi)(xi � a) +D
MX

j=1

Lijxj
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Allee effect with diffusion on a non-normal network 
(1 species)
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Patterns for              on a non-normal networkDu ⇠ Dv
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Patterns of 
directionality

Patterns of 
non-normality

0 5 10 15 20 25
-3

-2.5

-2

-1.5

-1

-0.5

0

0 50 100 150
0

2

4

6

0 50 100 150
0

0.1

0.2

0.3

0 5 10 15 20 25 30
-5

-4

-3

-2

-1

0

1

0 50 100 150
0

2

4

6

0 50 100 150
0

0.1

0.2

0.3

Pattern amplitudehAi
<latexit sha1_base64="PCY+bUtf3YIIY7oPc7Sg8S9El0A=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCrqsunFZwV6gCWUyPWmHTiZhZqKU2Edx40IRtz6JO9/GaZqFtv4w8PGfczhn/iDhTGnH+bZKK6tr6xvlzcrW9s7unl3db6s4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDOrdx5AKhaLez1JwI/IULCQUaKN1berHidiyAFfYU/m1LdrTt3JhZfBLaCGCjX79pc3iGkagdCUE6V6rpNoPyNSM8phWvFSBQmhYzKEnkFBIlB+lp8+xcfGGeAwluYJjXP390RGIqUmUWA6I6JHarE2M/+r9VIdXvoZE0mqQdD5ojDlWMd4lgMeMAlU84kBQiUzt2I6IpJQbdKqmBDcxS8vQ/u07p7VnbvzWuO6iKOMDtEROkEuukANdIuaqIUoekTP6BW9WU/Wi/VufcxbS1Yxc4D+yPr8AXnCk3w=</latexit>



www.unamur.be timoteo.carletti@unamur.be

Network non-normality can strongly modify the system 
behavior and create new patchy solutions (diversity).

Many real networks exhibit strong non-normality and thus 
challenge our comprehension of their dynamics.

M. Asllani and T. Carletti, Topological resilience in non-
normal networked systems, Physical Review E, 97, (2018), 
042302

M. Asllani, R. Lambiotte and T. Carletti, Structure and 
dynamical behavior of non-normal networks, Science Adv., 
4, (2018), eaau9403


