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The modified matrix is shown in Eq. (19), where each color denotes a di↵erent lobe.423
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The initial situation is graphically shown in Figure 4a, and the result of the transformation424

in Figure 4b. Each lobe contains four (sub)nodes, that is, the hubs. In this example, we did425

not make any hypothesis on the mathematics behind the single nodes and their subnodes.426

In the following section, we will consider a random network, presenting a new channel model427

for the within-lobe interactions, and disruptions induced by a disease.428
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seizure can propagate to another lobe:378
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For every time t 2 [0, ⇡] we have:379
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The square brackets to have 1 � . . . are redundant, they have just been added to keep380

the identity at t = 0. If we consider only values of time t 2 [0, T ], then the sine acts as a381

window. At t = 0, the sin terms vanish, and at t > 0 their e↵ect appears.382

It is probably not necessary to include an explicit reference to the single-neuron activity383

in this higher-degree model. In fact, as aforementioned, a connection between the onset of384

a seizure and an increase of the weights between the corresponding parts of the network has385

already been confirmed18. We would only need a separate expression to link single neurons386

(sub-nodes) with agglomerates (nodes) and their connections (edges), where the K-operator387

acts.388

Or, we can explicitly add an additional level to our model. The e↵ect of wavelets on389

single neural activity can be rendered with an additional tensor product on each one of the390

functions gji (t), to represent the action on a di↵erent layer, the layer of the neurons rather391

than the layer of their connections. Or, it could be the form itself of the functions gji (t) to392

contain the e↵ect on the neurons. In terms of telecommunications, we could not know393

what is happening inside a specific node, but we could notice an abnormal sending activity394

from that node, mirrored into an altered pattern of edges’ weights between the sender and395

the receiver. In this sense, the wavelet-like information of the neurons and neural areas396

involved in the seizure, can be represented by suitable g
j
i (t) functions. As an alternative397

formalization, rather than the sin function, we can use a window, which could be expressed398

by Heaviside functions, e.g., ⇥(T � t) · ⇥(t), to have 0 outside ]0, T ], and the e↵ect of the399

seizure inside.400
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A Dialogue between Formalization and Data: Neurological Disease 
as the Action of a Mathematical Operator

M. Mannone1,2,3,4, P. Ribino1, F. Gasparini5,6, P. Fazio4,7, N. Marwan2,3,8

Discussion:


Inverse K-
operator:  

information on 
the areas to be 

more targeted 
by therapy. 
Comparison 

between 
existing 

therapies and 
the not-yet-

addressed 
areas, to find 

new drugs.

Conclusions and next research:


Future in vitro and in silico 
research, with brain-on-a-chip 
and organoids, testing current 

drugs and their possible 
enhancements suggested by K.

AD: 


Connectivity alterations 
mostly concerning 
occipital lobe, 
cerebellum crus I/II and 
vermis 9, nucleus 
accumbens, ventral 
tegmental area, frontal, 
hippocampus.

Results:


K helps find 
the brain 
areas most  
impacted by 
the disease, 
confirming 
findings of 
the medical 
literature. 

PD:

 


Connectivity alterations 
mostly concerning 

dorsolateral prefrontal 
cortex, frontopolar cortex, 

intraparietal sulcus, 
Broca’s area, temporo-

parietal junction, anterior 
cingulate cortex, basal 

ganglia, ventral tegmental 
area, and insula.

Drawings and 
concept by 

Maria Mannone
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An example of prediction (AD)
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