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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

Assume the network to be symmetric
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1) The spatially homogeneous solution: 
 
 
 
is stable without diffusion:

(ui, vi) = (û, v̂) 8i = 1, . . . , n

Du = Dv = 0

Small inhomogeneous initial perturbations are macroscopically amplified  
giving rise to patterns (spatially non homogenous solutions)

Du > 0 and Dv > 0

2) The previous solution turns out to be unstable once the diffusion is in action

Turing mechanism: diffusion driven instability
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Turing mechanism:  
elegant and simple, but unable to describe patterns onset in real 
scenarios.

 At least two diffusing species are needed;  

 Activator and inhibitor are both necessary; 

 The inhibitor must diffuse much faster than the activator

Dv � Du
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Turing mechanism:  
elegant and simple, but unable to describe patterns onset in real 
scenarios.

Partial improvement: consider directed networks

Still related to spectral properties …



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

Turing mechanism:  
elegant and simple, but unable to describe patterns onset in real 
scenarios.

Go one step further and consider non-normal networks!



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

Definition (operational). It must contain a large Direct 
Acyclic Graph (DAG).

Definition (mathematical). A network is non-normal, if its 
adjacency matrix       does satisfy                     .Aij

<latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit>

AAT 6= ATA
<latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit>

||x(t)||2 =
MX

i=1

[xi(t)]
2

<latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit>

Not a DAG and normal

Dynamical behaviour:



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

Definition (operational). It must contain a large Direct 
Acyclic Graph (DAG).

Definition (mathematical). A network is non-normal, if its 
adjacency matrix       does satisfy                     .Aij

<latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit>

AAT 6= ATA
<latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit><latexit sha1_base64="nrsAHgpUb7Gs4WGrOdGcJi2I9Sk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJQoJjCxeORepLakPluE5r1XGC7SCVqF/ChQMIceVTuPE3OG0O0DLSakczu/J6/JgzpR3n2yqsrW9sbhW3Szu7e/tl++CwraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpP5nUcqFYtEU09j6oV4JFjACNZGGtjlOqrfN/uCPmQd1Qd2xak6c6BV4uakAjkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mpnygaYzLBI9ozVOCQKi+dHz5Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2cvE/7xeooMrL2UiTjQVZPFQkHCkI5SlgIZMUqL51BBMJDO3IjLGEhNtsiqZENzlL6+S9nnVdaru3UWldp3HUYRjOIEzcOESanALDWgBgQSe4RXerCfrxXq3PhajBSvfOYI/sD5/AHqKkak=</latexit>

||x(t)||2 =
MX

i=1

[xi(t)]
2

<latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit>

Trivial a DAG (& non-normal)

Dynamical behaviour:



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

||x(t)||2 =
MX

i=1

[xi(t)]
2

<latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit>

Non-normal network

Dynamical behaviour:



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

||x(t)||2 =
MX

i=1

[xi(t)]
2

<latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit><latexit sha1_base64="uK91gDA+uScj+65Ag+KrruOxaqE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyUpgm4KRTduhAr2AWkaJtNJO3TyYGYiLUn3bvwVNy4UcesPuPNvnLZZaOuBC4dz7uXee9yIUSEN41vLra1vbG7ltws7u3v7B/rhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dH1zG8/EC5oGNzLSURsHw0C6lGMpJIcvZim47I8S9NetdYVse8ktGZOe7fQGjtUGXav6uglo2LMAVeJmZESyNBw9K9uP8SxTwKJGRLCMo1I2gnikmJGpoVuLEiE8AgNiKVogHwi7GT+yxSeKqUPvZCrCiScq78nEuQLMfFd1ekjORTL3kz8z7Ni6V3aCQ2iWJIALxZ5MYMyhLNgYJ9ygiWbKIIwp+pWiIeIIyxVfAUVgrn88ippVSumUTHvzkv1qyyOPDgBRVAGJrgAdXADGqAJMHgEz+AVvGlP2ov2rn0sWnNaNnMM/kD7/AFZnZnw</latexit>

Normal network 
(symmetric version of the 

previous one)

Dynamical behaviour:



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

Network non-normality 
reduces the stability of the 
homogeneous equilibrium.

Because of a strong transient amplification



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

Beyond the Turing mechanism

non-normal support

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

<latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="WmvN+ewxBlAmH6s7DcOk9Dw6WD0=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQp2IXLCvYB7TBk0kwbmkyG5E6hDP0Zblwo4j9y578xfSy09UDg45yE3HviTAqLvv/tlXZ29/YPyoeVo+rxyWntrNqxOjeMt5mW2vRiarkUKW+jQMl7meFUxZJ348nDIu9OubFCp884y3io6CgViWAUndVvRvnACkWa0TSq1f2GvxTZhmANdVirFdW+BkPNcsVTZJJa2w/8DMOCGhRM8nllkFueUTahI953mFLFbVgsR56TK+cMSaKNOymSpfv7RUGVtTMVu5uK4thuZgvzv6yfY3IXFiLNcuQpW32U5JKgJov9yVAYzlDOHFBmhJuVsDE1lKFrqeJKCDZX3obOTSNw/ORDGS7gEq4hgFu4h0doQRsYaHiBN3j30Hv1PlZ1lbx1b+fwR97nD3kzj4E=</latexit><latexit sha1_base64="WmvN+ewxBlAmH6s7DcOk9Dw6WD0=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQp2IXLCvYB7TBk0kwbmkyG5E6hDP0Zblwo4j9y578xfSy09UDg45yE3HviTAqLvv/tlXZ29/YPyoeVo+rxyWntrNqxOjeMt5mW2vRiarkUKW+jQMl7meFUxZJ348nDIu9OubFCp884y3io6CgViWAUndVvRvnACkWa0TSq1f2GvxTZhmANdVirFdW+BkPNcsVTZJJa2w/8DMOCGhRM8nllkFueUTahI953mFLFbVgsR56TK+cMSaKNOymSpfv7RUGVtTMVu5uK4thuZgvzv6yfY3IXFiLNcuQpW32U5JKgJov9yVAYzlDOHFBmhJuVsDE1lKFrqeJKCDZX3obOTSNw/ORDGS7gEq4hgFu4h0doQRsYaHiBN3j30Hv1PlZ1lbx1b+fwR97nD3kzj4E=</latexit><latexit sha1_base64="bLJSw0Ub2ctSq0wPz2nI3UNh1Us=">AAAB8nicbZC7TgJBFIbP4g3xhlraTCQmVmTXRkuiFJaYCJLAZjM7zMKEuWxmZknIhsewsdAYW5/GzrdxgC0U/JNJvvznnMw5f5xyZqzvf3uljc2t7Z3ybmVv/+DwqHp80jEq04S2ieJKd2NsKGeSti2znHZTTbGIOX2Kx3fz+tOEasOUfLTTlIYCDyVLGMHWWb1mlPUNE6gZTaJqza/7C6F1CAqoQaFWVP3qDxTJBJWWcGxML/BTG+ZYW0Y4nVX6maEpJmM8pD2HEgtqwnyx8gxdOGeAEqXdkxYt3N8TORbGTEXsOgW2I7Nam5v/1XqZTW7CnMk0s1SS5UdJxpFVaH4/GjBNieVTB5ho5nZFZIQ1JtalVHEhBKsnr0Pnqh44fvBrjdsijjKcwTlcQgDX0IB7aEEbCCh4hld486z34r17H8vWklfMnMIfeZ8/tYOQ2g==</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit><latexit sha1_base64="g7dPaYIWrinf9t4rWzm1KcwFXAU=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLos2oXLCvYC02HIpJk2NMkMyZlCGfoYblwo4tancefbmLaz0NYfAh//OYec80ep4AZc99spbWxube+Udyt7+weHR9Xjk45JMk1ZmyYi0b2IGCa4Ym3gIFgv1YzISLBuNL6f17sTpg1P1BNMUxZIMlQ85pSAtfxmmPUNl7gZTsJqza27C+F18AqooUKtsPrVHyQ0k0wBFcQY33NTCHKigVPBZpV+ZlhK6JgMmW9REclMkC9WnuEL6wxwnGj7FOCF+3siJ9KYqYxspyQwMqu1uflfzc8gvg1yrtIMmKLLj+JMYEjw/H484JpREFMLhGpud8V0RDShYFOq2BC81ZPXoXNV9yw/Xtcad0UcZXSGztEl8tANaqAH1EJtRFGCntErenPAeXHenY9la8kpZk7RHzmfP7bDkN4=</latexit>
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Non-normal networks are “the rule”
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Conclusions

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

Network non-normality can be easily measured.

Many real networks exhibit strong non-normality and thus 
challenge our comprehension of their dynamics.
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Non-normal networks: DAG backbone

Adjacency matrix directed network

Aij =

(
1 if there exists j ! i

0 otherwise
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0’s & 1’s
A = (

<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A0clpiRiepnj1lH8iwAHOhHlLzQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EidFVm3OhScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc3asFL16/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2tf1wK8HTR+KcAGXUIMAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AVvDi1k=</latexit><latexit sha1_base64="A0clpiRiepnj1lH8iwAHOhHlLzQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EidFVm3OhScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc3asFL16/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2tf1wK8HTR+KcAGXUIMAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AVvDi1k=</latexit><latexit sha1_base64="LkAouhgRmHaxh9jzHX49xoBA4lU=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGhInc2UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg7LFbfmLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0rmueW/NabqVxm8dRhAu4hCp4cAMNuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w9ruYyo</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

0 0

0

. . . . . . . . .

“many 1’s”

“many 0’s”

(<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit> <latexit sha1_base64="A0clpiRiepnj1lH8iwAHOhHlLzQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EidFVm3OhScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc3asFL16/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2tf1wK8HTR+KcAGXUIMAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AVvDi1k=</latexit> <latexit sha1_base64="A0clpiRiepnj1lH8iwAHOhHlLzQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EidFVm3OhScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc3asFL16/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2tf1wK8HTR+KcAGXUIMAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AVvDi1k=</latexit> <latexit sha1_base64="LkAouhgRmHaxh9jzHX49xoBA4lU=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGhInc2UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg7LFbfmLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0rmueW/NabqVxm8dRhAu4hCp4cAMNuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w9ruYyo</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

*

K< =
X

i<j

A⇤
ij

<latexit sha1_base64="l7I3Q+hX7wNc6Ft2U103UoxK+MA=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAI4qIkIuiiQtWN4KaCfUCbhsl00k47MwkzE6HELPwVNy4UcetvuPNvnLZZaOuByz2ccy9z5/gRJVLZ9reRW1hcWl7JrxbW1jc2t8ztnboMY4FwDYU0FE0fSkwJxzVFFMXNSGDIfIob/vB67DcesJAk5PdqFGGXwR4nAUFQackz92475Yu2jJmXkPIgvdRtkHaOPbNol+wJrHniZKQIMlQ986vdDVHMMFeIQilbjh0pN4FCEURxWmjHEkcQDWEPtzTlkGHpJpP7U+tQK10rCIUurqyJ+nsjgUzKEfP1JIOqL2e9sfif14pVcO4mhEexwhxNHwpiaqnQGodhdYnASNGRJhAJom+1UB8KiJSOrKBDcGa/PE/qJyXHLjl3p8XKVRZHHuyDA3AEHHAGKuAGVEENIPAInsEreDOejBfj3fiYjuaMbGcX/IHx+QNo75Wz</latexit><latexit sha1_base64="l7I3Q+hX7wNc6Ft2U103UoxK+MA=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAI4qIkIuiiQtWN4KaCfUCbhsl00k47MwkzE6HELPwVNy4UcetvuPNvnLZZaOuByz2ccy9z5/gRJVLZ9reRW1hcWl7JrxbW1jc2t8ztnboMY4FwDYU0FE0fSkwJxzVFFMXNSGDIfIob/vB67DcesJAk5PdqFGGXwR4nAUFQackz92475Yu2jJmXkPIgvdRtkHaOPbNol+wJrHniZKQIMlQ986vdDVHMMFeIQilbjh0pN4FCEURxWmjHEkcQDWEPtzTlkGHpJpP7U+tQK10rCIUurqyJ+nsjgUzKEfP1JIOqL2e9sfif14pVcO4mhEexwhxNHwpiaqnQGodhdYnASNGRJhAJom+1UB8KiJSOrKBDcGa/PE/qJyXHLjl3p8XKVRZHHuyDA3AEHHAGKuAGVEENIPAInsEreDOejBfj3fiYjuaMbGcX/IHx+QNo75Wz</latexit><latexit sha1_base64="l7I3Q+hX7wNc6Ft2U103UoxK+MA=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAI4qIkIuiiQtWN4KaCfUCbhsl00k47MwkzE6HELPwVNy4UcetvuPNvnLZZaOuByz2ccy9z5/gRJVLZ9reRW1hcWl7JrxbW1jc2t8ztnboMY4FwDYU0FE0fSkwJxzVFFMXNSGDIfIob/vB67DcesJAk5PdqFGGXwR4nAUFQackz92475Yu2jJmXkPIgvdRtkHaOPbNol+wJrHniZKQIMlQ986vdDVHMMFeIQilbjh0pN4FCEURxWmjHEkcQDWEPtzTlkGHpJpP7U+tQK10rCIUurqyJ+nsjgUzKEfP1JIOqL2e9sfif14pVcO4mhEexwhxNHwpiaqnQGodhdYnASNGRJhAJom+1UB8KiJSOrKBDcGa/PE/qJyXHLjl3p8XKVRZHHuyDA3AEHHAGKuAGVEENIPAInsEreDOejBfj3fiYjuaMbGcX/IHx+QNo75Wz</latexit><latexit sha1_base64="l7I3Q+hX7wNc6Ft2U103UoxK+MA=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAI4qIkIuiiQtWN4KaCfUCbhsl00k47MwkzE6HELPwVNy4UcetvuPNvnLZZaOuByz2ccy9z5/gRJVLZ9reRW1hcWl7JrxbW1jc2t8ztnboMY4FwDYU0FE0fSkwJxzVFFMXNSGDIfIob/vB67DcesJAk5PdqFGGXwR4nAUFQackz92475Yu2jJmXkPIgvdRtkHaOPbNol+wJrHniZKQIMlQ986vdDVHMMFeIQilbjh0pN4FCEURxWmjHEkcQDWEPtzTlkGHpJpP7U+tQK10rCIUurqyJ+nsjgUzKEfP1JIOqL2e9sfif14pVcO4mhEexwhxNHwpiaqnQGodhdYnASNGRJhAJom+1UB8KiJSOrKBDcGa/PE/qJyXHLjl3p8XKVRZHHuyDA3AEHHAGKuAGVEENIPAInsEreDOejBfj3fiYjuaMbGcX/IHx+QNo75Wz</latexit>

K> =
X

i>j

A⇤
ij

<latexit sha1_base64="2uKX04GNY1Z9X2P1Ox/m1vV8Y9Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARxEVJRNCNpepGcFPBPqBNw2Q6aaedTMLMRCgxC3/FjQtF3Pob7vwbp20W2nrgcg/n3MvcOV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7py7DWGBSwyELRdNDkjDKSU1RxUgzEgQFHiMNb3g99hsPREga8ns1iogToB6nPsVIack192475Yu2jAM3oeVBeqnbIO0cu2bRKlkTwHliZ6QIMlRd86vdDXEcEK4wQ1K2bCtSToKEopiRtNCOJYkQHqIeaWnKUUCkk0zuT+GhVrrQD4UuruBE/b2RoEDKUeDpyQCpvpz1xuJ/XitW/rmTUB7FinA8fciPGVQhHIcBu1QQrNhIE4QF1bdC3EcCYaUjK+gQ7Nkvz5P6Scm2SvbdabFylcWRB/vgABwBG5yBCrgBVVADGDyCZ/AK3own48V4Nz6mozkj29kFf2B8/gBvOZW3</latexit><latexit sha1_base64="2uKX04GNY1Z9X2P1Ox/m1vV8Y9Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARxEVJRNCNpepGcFPBPqBNw2Q6aaedTMLMRCgxC3/FjQtF3Pob7vwbp20W2nrgcg/n3MvcOV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7py7DWGBSwyELRdNDkjDKSU1RxUgzEgQFHiMNb3g99hsPREga8ns1iogToB6nPsVIack192475Yu2jAM3oeVBeqnbIO0cu2bRKlkTwHliZ6QIMlRd86vdDXEcEK4wQ1K2bCtSToKEopiRtNCOJYkQHqIeaWnKUUCkk0zuT+GhVrrQD4UuruBE/b2RoEDKUeDpyQCpvpz1xuJ/XitW/rmTUB7FinA8fciPGVQhHIcBu1QQrNhIE4QF1bdC3EcCYaUjK+gQ7Nkvz5P6Scm2SvbdabFylcWRB/vgABwBG5yBCrgBVVADGDyCZ/AK3own48V4Nz6mozkj29kFf2B8/gBvOZW3</latexit><latexit sha1_base64="2uKX04GNY1Z9X2P1Ox/m1vV8Y9Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARxEVJRNCNpepGcFPBPqBNw2Q6aaedTMLMRCgxC3/FjQtF3Pob7vwbp20W2nrgcg/n3MvcOV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7py7DWGBSwyELRdNDkjDKSU1RxUgzEgQFHiMNb3g99hsPREga8ns1iogToB6nPsVIack192475Yu2jAM3oeVBeqnbIO0cu2bRKlkTwHliZ6QIMlRd86vdDXEcEK4wQ1K2bCtSToKEopiRtNCOJYkQHqIeaWnKUUCkk0zuT+GhVrrQD4UuruBE/b2RoEDKUeDpyQCpvpz1xuJ/XitW/rmTUB7FinA8fciPGVQhHIcBu1QQrNhIE4QF1bdC3EcCYaUjK+gQ7Nkvz5P6Scm2SvbdabFylcWRB/vgABwBG5yBCrgBVVADGDyCZ/AK3own48V4Nz6mozkj29kFf2B8/gBvOZW3</latexit><latexit sha1_base64="2uKX04GNY1Z9X2P1Ox/m1vV8Y9Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARxEVJRNCNpepGcFPBPqBNw2Q6aaedTMLMRCgxC3/FjQtF3Pob7vwbp20W2nrgcg/n3MvcOV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7py7DWGBSwyELRdNDkjDKSU1RxUgzEgQFHiMNb3g99hsPREga8ns1iogToB6nPsVIack192475Yu2jAM3oeVBeqnbIO0cu2bRKlkTwHliZ6QIMlRd86vdDXEcEK4wQ1K2bCtSToKEopiRtNCOJYkQHqIeaWnKUUCkk0zuT+GhVrrQD4UuruBE/b2RoEDKUeDpyQCpvpz1xuJ/XitW/rmTUB7FinA8fciPGVQhHIcBu1QQrNhIE4QF1bdC3EcCYaUjK+gQ7Nkvz5P6Scm2SvbdabFylcWRB/vgABwBG5yBCrgBVVADGDyCZ/AK3own48V4Nz6mozkj29kFf2B8/gBvOZW3</latexit>

K = K< +K>
<latexit sha1_base64="XrModcBQ8h2PuZwwv9uIIPQgiNU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD2oBL0IuUQwD0k2YXYymwyZmV1mZoWw5Cu8eFDEq5/jzb9x8jhoYkFDUdVNd1cQc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPRjcjv36E1WaRfLBDGPqC9yTLGQEGys9lq/K7cuTcvu6ky+4RXcCtEi8GSnADJVO/qvVjUgiqDSEY62bnhsbP8XKMMLpKNdKNI0xGeAebVoqsaDaTycHj9CRVboojJQtadBE/T2RYqH1UAS2U2DT1/PeWPzPayYmvPBTJuPEUEmmi8KEIxOh8feoyxQlhg8twUQxeysifawwMTajnA3Bm395kdROi55b9O7PCqWbWRxZOIBDOAYPzqEEd1CBKhAQ8Ayv8OYo58V5dz6mrRlnNrMPf+B8/gAqeI9T</latexit><latexit sha1_base64="XrModcBQ8h2PuZwwv9uIIPQgiNU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD2oBL0IuUQwD0k2YXYymwyZmV1mZoWw5Cu8eFDEq5/jzb9x8jhoYkFDUdVNd1cQc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPRjcjv36E1WaRfLBDGPqC9yTLGQEGys9lq/K7cuTcvu6ky+4RXcCtEi8GSnADJVO/qvVjUgiqDSEY62bnhsbP8XKMMLpKNdKNI0xGeAebVoqsaDaTycHj9CRVboojJQtadBE/T2RYqH1UAS2U2DT1/PeWPzPayYmvPBTJuPEUEmmi8KEIxOh8feoyxQlhg8twUQxeysifawwMTajnA3Bm395kdROi55b9O7PCqWbWRxZOIBDOAYPzqEEd1CBKhAQ8Ayv8OYo58V5dz6mrRlnNrMPf+B8/gAqeI9T</latexit><latexit sha1_base64="XrModcBQ8h2PuZwwv9uIIPQgiNU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD2oBL0IuUQwD0k2YXYymwyZmV1mZoWw5Cu8eFDEq5/jzb9x8jhoYkFDUdVNd1cQc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPRjcjv36E1WaRfLBDGPqC9yTLGQEGys9lq/K7cuTcvu6ky+4RXcCtEi8GSnADJVO/qvVjUgiqDSEY62bnhsbP8XKMMLpKNdKNI0xGeAebVoqsaDaTycHj9CRVboojJQtadBE/T2RYqH1UAS2U2DT1/PeWPzPayYmvPBTJuPEUEmmi8KEIxOh8feoyxQlhg8twUQxeysifawwMTajnA3Bm395kdROi55b9O7PCqWbWRxZOIBDOAYPzqEEd1CBKhAQ8Ayv8OYo58V5dz6mrRlnNrMPf+B8/gAqeI9T</latexit><latexit sha1_base64="XrModcBQ8h2PuZwwv9uIIPQgiNU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD2oBL0IuUQwD0k2YXYymwyZmV1mZoWw5Cu8eFDEq5/jzb9x8jhoYkFDUdVNd1cQc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPRjcjv36E1WaRfLBDGPqC9yTLGQEGys9lq/K7cuTcvu6ky+4RXcCtEi8GSnADJVO/qvVjUgiqDSEY62bnhsbP8XKMMLpKNdKNI0xGeAebVoqsaDaTycHj9CRVboojJQtadBE/T2RYqH1UAS2U2DT1/PeWPzPayYmvPBTJuPEUEmmi8KEIxOh8feoyxQlhg8twUQxeysifawwMTajnA3Bm395kdROi55b9O7PCqWbWRxZOIBDOAYPzqEEd1CBKhAQ8Ayv8OYo58V5dz6mrRlnNrMPf+B8/gAqeI9T</latexit>

� := |K< �K>|/K
<latexit sha1_base64="sIj3/AHLmOxQHQVjoQtc3Rc+Wjw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpqIoIhKURdCNxXsA9q0TKaTduhkEmYmQkjrr7hxoYhbP8Sdf+O0zUJbD1w4nHMv997jhoxKZVnfRmZhcWl5JbuaW1vf2Nwyt3dqMogEJlUcsEA0XCQJo5xUFVWMNEJBkO8yUncHN2O//kiEpAF/UHFIHB/1OPUoRkpLHTPfuiVMofPLYbl9cVhuXw2Pyh2zYBWtCeA8sVNSACkqHfOr1Q1w5BOuMENSNm0rVE6ChKKYkVGuFUkSIjxAPdLUlCOfSCeZHD+C+1rpQi8QuriCE/X3RIJ8KWPf1Z0+Un05643F/7xmpLwzJ6E8jBTheLrIixhUARwnAbtUEKxYrAnCgupbIe4jgbDSeeV0CPbsy/Okdly0raJ9f1IoXadxZMEu2AMHwAanoATuQAVUAQYxeAav4M14Ml6Md+Nj2pox0pk8+APj8wfRQZOR</latexit><latexit sha1_base64="sIj3/AHLmOxQHQVjoQtc3Rc+Wjw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpqIoIhKURdCNxXsA9q0TKaTduhkEmYmQkjrr7hxoYhbP8Sdf+O0zUJbD1w4nHMv997jhoxKZVnfRmZhcWl5JbuaW1vf2Nwyt3dqMogEJlUcsEA0XCQJo5xUFVWMNEJBkO8yUncHN2O//kiEpAF/UHFIHB/1OPUoRkpLHTPfuiVMofPLYbl9cVhuXw2Pyh2zYBWtCeA8sVNSACkqHfOr1Q1w5BOuMENSNm0rVE6ChKKYkVGuFUkSIjxAPdLUlCOfSCeZHD+C+1rpQi8QuriCE/X3RIJ8KWPf1Z0+Un05643F/7xmpLwzJ6E8jBTheLrIixhUARwnAbtUEKxYrAnCgupbIe4jgbDSeeV0CPbsy/Okdly0raJ9f1IoXadxZMEu2AMHwAanoATuQAVUAQYxeAav4M14Ml6Md+Nj2pox0pk8+APj8wfRQZOR</latexit><latexit sha1_base64="sIj3/AHLmOxQHQVjoQtc3Rc+Wjw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpqIoIhKURdCNxXsA9q0TKaTduhkEmYmQkjrr7hxoYhbP8Sdf+O0zUJbD1w4nHMv997jhoxKZVnfRmZhcWl5JbuaW1vf2Nwyt3dqMogEJlUcsEA0XCQJo5xUFVWMNEJBkO8yUncHN2O//kiEpAF/UHFIHB/1OPUoRkpLHTPfuiVMofPLYbl9cVhuXw2Pyh2zYBWtCeA8sVNSACkqHfOr1Q1w5BOuMENSNm0rVE6ChKKYkVGuFUkSIjxAPdLUlCOfSCeZHD+C+1rpQi8QuriCE/X3RIJ8KWPf1Z0+Un05643F/7xmpLwzJ6E8jBTheLrIixhUARwnAbtUEKxYrAnCgupbIe4jgbDSeeV0CPbsy/Okdly0raJ9f1IoXadxZMEu2AMHwAanoATuQAVUAQYxeAav4M14Ml6Md+Nj2pox0pk8+APj8wfRQZOR</latexit><latexit sha1_base64="sIj3/AHLmOxQHQVjoQtc3Rc+Wjw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpqIoIhKURdCNxXsA9q0TKaTduhkEmYmQkjrr7hxoYhbP8Sdf+O0zUJbD1w4nHMv997jhoxKZVnfRmZhcWl5JbuaW1vf2Nwyt3dqMogEJlUcsEA0XCQJo5xUFVWMNEJBkO8yUncHN2O//kiEpAF/UHFIHB/1OPUoRkpLHTPfuiVMofPLYbl9cVhuXw2Pyh2zYBWtCeA8sVNSACkqHfOr1Q1w5BOuMENSNm0rVE6ChKKYkVGuFUkSIjxAPdLUlCOfSCeZHD+C+1rpQi8QuriCE/X3RIJ8KWPf1Z0+Un05643F/7xmpLwzJ6E8jBTheLrIixhUARwnAbtUEKxYrAnCgupbIe4jgbDSeeV0CPbsy/Okdly0raJ9f1IoXadxZMEu2AMHwAanoATuQAVUAQYxeAav4M14Ml6Md+Nj2pox0pk8+APj8wfRQZOR</latexit>

A (simple) measure of  
non-normality
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Linear asymptotically stable networked systems

~̇x = A~x
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