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Abstract

The purpose of this paper is to present the computed elements of transfer matrix, 
corresponding to nein input-output functions in case of mirroring the inhibition of a pyramidal 
neuron by a rosehip neuron. This is made in a two dimensional Hopfi eld continuous-time 
artifi cial network with self-connection and without constant external electrical input.

1. Introduction
In the real world there are biological neural networks (nervous system) and artiϐicial (human made) neural networks. For 

the biological ones the mathematical framework was developed by Hodgkin-Huxlei (Nobel Prize in 1963) and for the artiϐicial 
ones it was developed by Hopϐield (Nobel Prize in 2024). The aim of our paper is to show how the behavior of a neural network 
composed of a rosehip and a pyramidal biological cells is mirrored in a Hopϐield-type artiϐicial neural network. This aim is not 
just an academic curiosity, considering the fact that measurements in the case of rosehip and pyramidal biological cells are made 
using artiϐicial neural networks. Rosehip neurons are inhibitory GABAergic neurons, present in the ϐirst layer (the molecular 
layer) of the human cerebral cortex. They make up about 10-15% of all inhibitory neurons in Layer 1. [1] Neurons of this type 
(having “large ‘rosehip’-like axonal buttons and compact arborization”) exist in humans, but have not been reported in rodents. 
[2] Rosehip neurons are named after the rose hip fruit due to the axon terminal’s resemblance to their berries. These rosehip 
cells show an immunohistochemically proϐile (GAD1 +CCK +, CNR1-SST-CALB2- PVALB-) matching a single transcriptomically 
deϐined cell type whose speciϐic molecular marker signature is not seen in mouse cortex. Rosehip cells in layer 1 make homotypic 
gap junctions, predominantly target apical dendritic shafts of layer 3 pyramidal neurons, and inhibit back propagating pyramidal 
action potentials in micro domains of the dendritic tuft. These cells are therefore positioned for potent local control of distal 
dendritic computation in cortical pyramidal neurons. An international group of scientists discovered Rosehip neurons and 
announced their discovery in August 2018. These authors contributed equally to this work: Eszter Boldog (University of Szeged, 
Szeged, Hungary), Trygve E. Bakken (Allen Institute for Brain Science, Seattle, WA, United States), and Rebecca D. Hodge (Allen 
Institute for Brain Science, Seattle, WA, United States). They identiϐied this cell with the help of RNA sequencing. [2] Continuous-
time artiϐicial Hopϐield neural networks claims to be mathematical descriptions of voltage propagation appearing in artiϐicial 
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neural networks. If this description is valid also for biological nervous system, then the voltage propagation in a rosehip nervous 
cell has to be mirrored with accuracy in this framework. It has to reϐlect that rosehip nervous cell inhibit back propagating 
pyramidal action potentials in micro domains of the dendritic tuft. The aim of this paper is, to identify the transfer matrix 
elements in the continuous-time Hopϐield artiϐicial neural network, which can explain the empirically established properties of 
the inhibition of a pyramidal biologic neuron by a rosehip-neuron. 

The system of differential equations governing the voltage dynamics in a two dimensional Hopϐield continuous-time artiϐicial 
network with self-connection and without constant external electrical input is 

   1 11 12x a x T g x T g w                       (1.1)

   2 22 21w a w T g w T g x     

In (1.1): x[V] the voltage of the ϐirst = ‘pyramidal’ neuron (neuron which voltage has to be shifted), w[V] is the voltage of the 
second = ‘rosehip’ neuron which voltage has to be maintained at least the level of the threshold voltage. In this computation 

the numerical values of time constant 
1 1[ ]a s

C Rm m




 are: 1a   100 1[ ]  s  (pyramidal cell), 1136[ ]2a s   (rosehip cell). The 

function 1 1:g    is the input-output function. An input-output function is a mathematical “gate” between the input feeding 

and its output going. The input-output activation functions are used to calculate some intermediate functions in the hidden layer, 

which is then used to calculate an output. According to [3,4] the numerical values of transfer matrix elements T11, T12 are given 

by formulas: 01 11 1 ( )01

x
T a

g x
   and 02

22 2 ( )02

x
T a

g x
   with 

 0.075 ,      01x V the rest potential of pyramidal cell 

 0.07 ,      02x V the rest potential of rosehip cell 

Also in [3,4] it was shown that the magnitude of the external constant input currents for shift the rest voltage of a singular 
rosehip or a singular pyramidal nervous cell to the threshold voltage of -0.05[V] differs extremely much from those discussed in 
literature (order of magnitude nano or pico amperes). Therefore, the equation 

 1 11 1a x T g xx I                      (1.2)

doesn’t mirror correctly the reality and the ‘explanation’ of this discrepancy could be the Curie-von Schweidler law appearing 
in dielectric (i.e.in the double lipid layer of the cell membrane).For this reason in [5], it was assumed that, in case of the sigmoid 
input-output function, the system of differential equations governing the voltage dynamics in a two dimensional Hopϐield 
continuous-time artiϐicial network with self-connection and without constant external electrical input is the system (1.1), 
and taking T21 = 4.3 (for maintain the rosehip cell threshold potential constant during the inhibition process of 0.001[s]) we 
succeeded to ϐind that T12 = -43. However, two questions remain: 1. Can this method also be applied to the other eight input-
output functions? 2. How do the elements of the transfer matrix depend on the input-output function? The following sections 
will answer these questions.

2. Inhibition in case of the ‘Sigmoid*(1-Sigmoid)’ input-output function   ( )1 (1 1/ (1 )
1

xe 
   

 xg x
e

).
(Figure 2.1)

Figure 2.1: Graphic of the sigmoid *(1-sigmoid) input-output function.
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In this case:
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g x e e
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 
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 

 
 
 

T21 = 8 for maintain the rosehip cell threshold potential constant during 0.001[s] (the inhibition process of threshold voltage 
-0.055[V], spike voltage 0.01[V], hyperpolarization voltage -0.077[V] of the ϐirst pyramidal neuron cell). 

For shift the threshold voltage of -0.055[V] of the of the ϐirst pyramidal neuron into the rest voltage of -0.075[V] it is assumed 
that at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is 
in the threshold voltage state of -0.055[V]  x (0)  = -0.055, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) 
T21 = 8. This choice permit the transformation of the determination of T12 in a boundary value problem for the equation (1.1). In 
the obtained boundary boundary value problem T12 is a numerical parameter. This parameter has to be found such that the rest 
voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed 
to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting 
method in this case the value T21 = 76.5 was obtained.These results are represented in the next Figures (Figures 2.2-4):

For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 
start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 

voltage state of -0.055[V] x (0)  = 0.01, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21 = 8. This choice 

permit the transformation of the determination of T12 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T12 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T12 = -323.5 was obtained.These results are represented in the next Figures 2.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V], x (0)  = -0.077, w (0)  = -0.055 and the transfer coefϐicient T21 is 
taken (randomly) T21 =  8.  This choice permit the transformation of the determination of T12 in a boundary value problem for the 
equation (1.1). In the obtained boundary value problem T12 is a numerical parameter. This parameter has to be found such that 
the rest voltage of -0.075[V] of the pyramidal(ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families 
deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using 
shooting method in this case the value T12 = 7.5 was obtained.These results are represented in the next Figures 2.8-10: 

Figure 2.2:  The pyramidal(fi rst) neuron dynamic in case T12= -76.5, T21=8, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.
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Figure 2.3: The rosehip neuron dynamic in case T12= -76.5, T21=8, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 2.4: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= -76.5, T21= 8, t = 0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 2.5: The pyramidal(fi rst) neuron dynamic in case T12= -323.5, T12 = 8, t = 0.001[s], x(0)=−-0.055, w(0)=−-0.055.
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Figure 2.6: The rosehip neuron dynamic in case T12= -323.5, T21= 8, t = 0.001[s], x(0)=−0.01, w(0)=−-0.055.

Figure 2.7: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= -323.5, T21=8, t=0.001[s], x(0)=−0.01, w(0)=−-0.055.

Figure 2.8: The pyramidal(fi rst) neuron dynamic in case T12=7.5, T21=8, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.



About the Dependence of the Transfer Matrix on the Input –Output Function in Case of Mirroring the Inhibition of a Pyramidal 
Neuron by a Rosehip Neuron in Continuous-Time Artifi cial Hopfi eld Neural Network

www.physicsresjournal.comhttps://doi.org/10.29328/journal.ijpra.1001167 300

3. Inhibition in case of the ‘Tanh’ input-output function  









x x

x x
e eg x
e e  input-output function 

(Figure 3.1)
In this case:

01 1 00.187429611 1 ( )01

x
T a

g x
   , 02 136.222061022 2 ( )02

x
T a

g x
   , T21 = 0.5 for maintain the rosehip cell threshold potential 

constant during 0.001[s] (the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], hyperpolarization voltage 
-0.077[V] of the ϐirst pyramidal neuron cell).

For shift the threshold voltage of -0.055[V] of the of the ϐirst pyramidal neuron into the rest voltage of -0.075[V] it is assumed 
that at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is in 

the threshold voltage state of -0.055[V] x (0)  = -0.055, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21 = 0.5.

This choice permit the transformation of the determination of T12 in a boundary value problem for the equation (1.1). In the 
obtained boundary value problem T12 is a numerical parameter. This parameter has to be found such that the rest voltage of 
-0.075[V] of the pyramidal(ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12 = 365 was obtained. These results are represented in the next Figures 3.2-4: 

Figure 2.9: The rosehip neuron dynamic in case T12=7.5, T21=8, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.

Figure 2.10: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= 7.5, T21=8, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.
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Figure 3.1: The graphic of the ‘Tanh’ input output function.

Figure 3.2: The pyramidal(fi rst) neuron dynamic in case T12= 365, T21=0.5, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 3.3: The rosehip neuron dynamic in case T12= 365, T21=0.5, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.
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For shift the spike voltage of 0.01[V] of the of the ϐirst pyramidal neuron into the rest voltage of -0.075[V] it is assumed 
that at the start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the 
threshold voltage state of -0.055[V] x(0) = 0.01, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21 = 0.5. This 
choice permit the transformation of the determination of T12 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T12 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value  T12 = 1548 was obtained. These results are represented in the next Figures 3.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the ϐirst pyramidal neuron into the rest voltage of -0.075[V] it 
is assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] x (0) = 0.077, w (0) = -0.055 and the transfer coefϐicient T21 is taken 
(randomly) T21 = 0.5. This choice permit the transformation of the determination of T21 in a boundary value problem for the 
equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that 
the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families 
deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using 
shooting method in this case the value T12 = -35.5 was obtained. These results are represented in the next Figures 3.8-10: 

Figure 3.4: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= 365, T21=0.5, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 3.5: The pyramidal neuron dynamic in case T12= 1548, T21=0.5, t=0.001[s], x(0)=0.01, w(0)=−-0.055.
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Figure 3.6: The rosehip neuron dynamic in case T12= 1548, T21=0.5, t=0.001[s], x(0)=0.01, w(0)=−-0.055.

Figure 3.7: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= 1548, T21=0.5, t=0.001[s], x(0)=0.01, w(0)=−-0.055.

Figure 3.8: The pyramidal neuron dynamic in case T12= -35.5, T21=0.5, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.
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4. Inhibition in case of the ‘Tanh- Derivative’ input-output function  
2

2 2

4
( 1)

x

x

eg x
e



 . (Figure 

4.1)
In this case:

01  7.54226665911 1 ( )01

x
T a

g x
    , 02 9.56672423922 2 ( )02

x
T a

g x
    , T21 = 2, for maintain the rosehip cell threshold potential 

constant during 0.001[s] (the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], hyperpolarization voltage 
-0.077[V] of the ϐirst pyramidal neuron cell).

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is in the 
threshold voltage state of -0.055[V] x (0) = -0.055, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21 = 2. This 
choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value 19.112T    was obtained. These results are represented in the next Figures 4.2-4: 

Figure 3.9: The rosehip neuron dynamic in case T12= -35.5, T21=0.5, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.

Figure 3.10: The pyramidal neuron (red) and the rosehip neuron(green) dynamic in case T12= -35.5, T21=0.5, t=0.001[s], x(0)=−0.077, w(0)=−-0.055.
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Figure 4.1: The graphic of the ‘Tanh-derivative’ input output function.

Figure 4.2: The pyramidal neuron dynamic in case T12=−19.1, T21=2, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 4.3: The rosehip neuron dynamic in case T12=−19.1, T21=2, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.
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For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 
start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 
voltage state of -0.055[V] i.e. x (0) = 0.01, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21 = 2. This choice 
permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T12 = 81.1 was obtained. These results are represented in the next Figures 4.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0) = -0.077, w (0) = -0.055 and the transfer coefϐicient T21 is 
taken (randomly) T21 = 2. This choice permit the transformation of the determination of T21 in a boundary value problem for the 
equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that 
the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families 
deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using 
shooting method in this case the value T12 = 1.9 was obtained. These results are represented in the next Figures 4.8-10: 

Figure 4.4: The rosehip neuron dynamic in case 𝑇12=−19.1, 𝑇21=2, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 4.5: The pyramidal neuron dynamic in case 𝑇12=−81.1, 𝑇21=2, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 4.6: The rosehip neuron dynamic in case 𝑇12=−81.1, 𝑇21=2, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 4.7: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=−81.1, 𝑇21=2, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 4.8: The pyramidal neuron dynamic in case 𝑇12=1.9, 𝑇21=2, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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5. Inhibition in case of the ‘Linear’ input-output function g (x) = x (Figure 5.1)
In this case:

01 1 0011 1 ( )01

x
T a

g x
   , 02 13622 2 ( )02

x
T a

g x
   , T21 = 1, for maintain the rosehip cell threshold potential constant during 

0.001[s] ,timeframe of the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], hyperpolarization voltage 
-0.077[V] of the pyramidal neuron cell.

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is also 
in the threshold voltage state of -0.055[V], i.e.  x (0) = -0.055, w (0) = -0.055, and the transfer coefϐicient T21 is taken (randomly) 
T12  = 1. This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). 
In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage 
of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12  = 365  was obtained. These results are represented in the next Figures 5.2-4: 

For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 
start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 

Figure 4.9: The rosehip neuron dynamic in case 𝑇12=1.9, 𝑇21=2, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.

Figure 4.10: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=1.9, 𝑇21=2, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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Figure 5.1: The graphic of the ‘Linear’ input output function. 

Figure 5.2: The pyramidal neuron dynamic in case T12=365, T21=1, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.

Figure 5.3: The pyramidal neuron dynamic in case T12=365, T21=1, t=0.001[s], x(0)=−-0.055, w(0)=−-0.055.
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voltage state of -0.055[V] i.e. x (0) = -0.01, w (0) = -0.055 and the transfer coefϐicient T21  is taken (randomly) T21  = 1.  This choice 
permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T12  = 1547 was obtained. These results are represented in the next Figures 5.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0) = -0.077, w (0) = -0.055  and the transfer coefϐicient T21 is 
taken (randomly) T21 = 1. This choice permit the transformation of the determination of T21 in a boundary value problem for the 
equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that 
the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families 
deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using 
shooting method in this case the value T12  = -20 was obtained. These results are represented in the next Figures 5.8-10: 

Figure 5.4: The pyramidal (red) and rosehip (green) neuron dynamic in case 𝑇12=365, 𝑇21=1, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 5.5: The pyramidal neuron dynamic in case 𝑇12=1547, 𝑇21=1, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 5.6: The rosehip neuron dynamic in case 𝑇12=1547, 𝑇21=1, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 5.7: The pyramidal (red) and rosehip (green) neuron dynamic in case 𝑇12=1547, 𝑇21=1, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 5.8: The pyramidal neuron dynamic in case 𝑇12=−20, 𝑇21=1, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055. 
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6. Inhibition in case of the ‘Leaky-Relu ’ input-output function g(x) = max(0.1 ×, x, x) (Figure 
6.1)

In this case:

01 1 00011 1 ( )01

x
T a

g x
   , 02 136022 2 ( )02

x
T a

g x
   , T21 = 825, for maintain the rosehip cell 

potential constant during 0.001[s], timeframe of the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], 
hyperpolarization voltage -0.077[V] of the pyramidal neuron cell.

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is also 
in the threshold voltage state of -0.055[V], i.e. x (0) = -0.055, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly)  
T21  = 825. This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). 
In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage 
of -0.075[V] of the pyramidal(ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12  = 560 was obtained. These results are represented in the next Figures 6.2-4: 

Figure 5.9: The rosehip neuron dynamic in case 𝑇12=−20, 𝑇21=1, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 5.10: The pyramidal (red) and rosehip (green) neuron dynamic in case 𝑇12=−20, 𝑇21=1, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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Figure 6.1: The graphic of the ‘Leaky-Relu’ input output function.

Figure 6.2: The pyramidal neuron dynamic in case 𝑇12=−560, 𝑇21=−825, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 6.3: The rosehip neuron dynamic in case 𝑇12=−560, 𝑇21=−825, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.
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For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the 
threshold voltage state of -0.055[V] i.e. x (0) = -0.01, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21  = 825.
This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the 
obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of 
-0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12  = 634.5 was obtained. These results are represented in the next Figures 6.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0) = -0.077, w (0) = -0.055 and the transfer coefϐicient T21 is 
taken (randomly) T21  = 825. This choice permit the transformation of the determination of T21  in a boundary value problem 
for the equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found 
such that the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical 
families deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. 
By using shooting method in this case the value T12 = 1229 was obtained. These results are represented in the next Figures 
6.8-10: 

Note that, in this section the computed rosehip neuron voltage at the end of the inhibition process, is in the hyperpolarization 
zone. This is due to the prior given transfer matrix coefϐicient value T12  = 825.

Figure 6.4: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=−560, 𝑇21=−825, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 6.5: The pyramidal neuron dynamic in case 𝑇12=634.5, 𝑇21=−825, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 6.6: The rosehip neuron dynamic in case 𝑇12=634.5, 𝑇21=−825, t=0.001[s], 𝑥(0)=0.01,w(0)=−-0.055.

Figure 6.7: The pyramidal(red) and the rosehip (green) neuron dynamic in case 𝑇12=634.5, 𝑇21=−825, t=0.001[s], 𝑥(0)=0.01,w(0)=−-0.055.

Figure 6.8: The pyramidal neuron dynamic in case 𝑇12=−1229, 𝑇21=−825, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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7. Inhibition in case of the ‘Swish’ input-output function  
1 x

xg x
e


 (Figure 7.1)

In this case:

01  207.788415111 1 ( )01
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x
T a

g x
   , T21 = 300, for maintain the rosehip cell potential constant 

during 0.001[s] ,timeframe of the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], hyperpolarization 
voltage -0.077[V] of the pyramidal neuron cell.

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is also in 
the threshold voltage state of -0.055[V], i.e. x (0) = -0.055, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21  

= 300. This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In 
the obtained boundary value problem T21  is a numerical parameter. This parameter has to be found such that the rest voltage 
of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12  = 756 was obtained. These results are represented in the next Figures 7.2-4: 

For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 

Figure 6.9: The rosehip neuron dynamic in case 𝑇12=−1229, 𝑇21=−825, t=0.001[s], 𝑥(0)=−0.077,w(0)=−-0.055.

Figure 6.10: The pyramidal(red) and the rosehip (green) neuron dynamic in case 𝑇12=−1229, 𝑇21=−825, t=0.001[s], 𝑥(0)=−0.077,w(0)=−-0.055.
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Figure 7.1: The graphic of the ‘Swish’ input output function.

Figure 7.2: The pyramidal neuron dynamic in case 𝑇12=756, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 7.3: The rosehip neuron dynamic in case 𝑇12=756, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.
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start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 
voltage state of -0.055[V] i.e. x (0) = -0.01, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21  = 300. This 
choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal(ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T12  = 3027 was obtained. These results are represented in the next Figures 7.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0) = -0.077, w (0) = -0.055 and the transfer coefϐicient T21 
is taken (randomly) T21  = 300. This choice permit the transformation of the determination of T21 in a boundary value problem 
for the equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found 
such that the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical 
families deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. 
By using shooting method in this case the value T12  = 75 was obtained. These results are represented in the next Figures 7.8-
10: 

Figure 7.4: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=756, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 7.5: The pyramidal neuron dynamic in case 𝑇12=3027, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 7.6: The rosehip neuron dynamic in case 𝑇12=3027, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 7.7: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=3027, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 7.8: The pyramidal neuron dynamic in case 𝑇12=−75, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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Figure 7.9: The rosehip neuron dynamic in case 𝑇12=−75, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.

Figure 7.10: The pyramidal(red) and the rosehip(green) neuron dynamic in case 𝑇12=−75, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.

8. Inhibition in case of the ‘Elu’ input-output function g(x) = 1 × (ex - 1 ) for x ≤ 0 and g(x) = x 
for x ≥ 0. (Figure 8.1)

In this case:
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g x
   , T21 = 300, for maintain the rosehip cell potential more 

than -0.055[V] during 0.001[s] ,timeframe of the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], 
hyperpolarization voltage -0.077[V] of the pyramidal neuron cell.

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is also 
in the threshold voltage state of -0.055[V], i.e. x (0) = -0.055, w (0) = -0.055 and the transfer coefϐicient T21 is taken (randomly) 
T21  = 300. This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). 
In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage 
of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12  = 445.1 was obtained. These results are represented in the next Figures 8.2-4: 
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Figure 8.1: The graphic of the ‘ELU’ input output function.

Figure 8.2: The pyramidal neuron dynamic in case 𝑇12=445.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 8.3: The rosehip neuron dynamic in case 𝑇12=445.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.
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For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 
start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 
voltage state of -0.055[V] i.e. x (0)  = 0.01, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21  = 300. This 
choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T12 = 1647 was obtained. These results are represented in the next Figures 8.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0)  = 0.077, w (0)  = -0.055 and the transfer coefϐicient T21 is 
taken (randomly) T21= -300. This choice permit the transformation of the determination of T21 in a boundary value problem 
for the equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found 
such that the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical 
families deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. 
By using shooting method in this case the value T21 =- 45.1. was obtained. These results are represented in the next Figures 
8.8-10: 

Figure 8.4: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=445.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 8.5: The pyramidal neuron dynamic in case 𝑇12=1674, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 8.6: The rosehip neuron dynamic in case 𝑇12=1674, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 8.7: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=1674, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 8.8: The pyramidal neuron dynamic in case 𝑇12=−45.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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9. Inhibition in case of the ‘Gelu’ input-output function    30.5 (1 tanh( 0.044715 ))
2

x x x
      g x  

(Figure 9.1)
In this case:

01 1 98.602144211 1 ( )01

x
T a

g x
   , 02 270.342107722 2 ( )02

x
T a

g x
   , T21 = 300, for maintain the rosehip cell potential more 

than -0.055[V] during 0.001[s] ,timeframe of the inhibition process of threshold voltage -0.055[V], spike voltage 0.01[V], 
hyperpolarization voltage -0.077[V] of the pyramidal neuron cell.

For shift the threshold voltage of -0.055[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that 
at the start of the ‘dialog process’ the pyramidal neuron is in the threshold voltage of -0.055[V] and the rosehip neuron is also 
in the threshold voltage state of -0.055[V], i.e. x (0)  = -0.055, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) 
T21 = -300. This choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). 
In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage 
of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve 
these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method 
in this case the value T12 =- 795 was obtained. These results are represented in the next Figures 9.2-4: 

Figure 8.9: The rosehip neuron dynamic in case 𝑇12=−45.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.

Figure 8.10: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=−45.1, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 9.1: The graphic of the ‘GELU’ input output function.

Figure 9.2: The pyramidal neuron dynamic in case 𝑇12=795, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 9.3: The rosehip neuron dynamic in case 𝑇12=795, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.
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For shift the spike voltage of 0.01[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is assumed that at the 
start of the ‘dialog process’ the pyramidal neuron is in the spike voltage of 0.01[V] and the rosehip neuron is in the threshold 
voltage state of -0.055[V] i.e. x (0)  = 0.01, w (0)  = -0.055 and the transfer coefϐicient T21 is taken (randomly) T21= -300. This 
choice permit the transformation of the determination of T21 in a boundary value problem for the equation (1.1). In the obtained 
boundary value problem T21 is a numerical parameter. This parameter has to be found such that the rest voltage of -0.075[V] of 
the pyramidal(ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical families deployed to solve these problems 
include Shooting Methods, Finite Difference Methods, and Collocation Methods. By using shooting method in this case 
the value T21 = -3165 was obtained. These results are represented in the next Figures 9.5-7: 

For shift the hyperpolarization voltage of -0.077[V] of the of the pyramidal neuron into the rest voltage of -0.075[V] it is 
assumed that at the start of the ‘dialog process’ the pyramidal neuron is in the hyperpolarization voltage of -0.077[V] and the 
rosehip neuron is in the threshold voltage state of -0.055[V] i.e. x (0)  = 0.077, w (0)  = -0.055 and the transfer coefϐicient T21 is 
taken (randomly) T21 = -300. This choice permit the transformation of the determination of T21 in a boundary value problem 
for the equation (1.1). In the obtained boundary value problem T21 is a numerical parameter. This parameter has to be found 
such that the rest voltage of -0.075[V] of the pyramidal (ϐirst) neuron is achieved with an accuracy of 10-2. The main numerical 
families deployed to solve these problems include Shooting Methods, Finite Difference Methods, and Collocation Methods. 
By using shooting method in this case the value T12 = -76 was obtained. These results are represented in the next Figures 9.8-
10: 

Figure 9.4: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=795, 𝑇21=−300, t=0.001[s], 𝑥(0)=−-0.055, 𝑤(0)=−-0.055.

Figure 9.5: The pyramidal neuron dynamic in case 𝑇12=3165, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.
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Figure 9.6: The rosehip neuron dynamic in case 𝑇12=3165, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 9.7: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=3165, 𝑇21=−300, t=0.001[s], 𝑥(0)=0.01, 𝑤(0)=−-0.055.

Figure 9.8: The pyramidal neuron dynamic in case 𝑇12=−76, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.
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10. Results
Computation show that the elements of the transfer matrix are highly dependent on the input-output function and on the 

voltage state of the pyramidal neuron which has to be inhibited. These dependences for several input –output functions are:

1. Sigmoid input-output function:

threshold voltage inhibition; 43 ,15.58413113, 19.73027788,11 12 2 2 32 4.1  T T T T     

spike voltage inhibition; 166 ,15.58413113, 19.73027788,11 12 2 2 32 .1  4T T T T     

hyperpol. voltage inhib.; 3.9 ,15.58413113, 19.73027788,11 12 2 2 32 .1  4T T T T     

2. Sigmoid*(1-Sigmoid) input-output function:

threshold voltage inhibition; 76.5 ,30.04220728, 38.12666705,11 12 22 21  8T T T T   

spike voltage inhibition; 323.5 ,30.04220728, 38.12666705,11 12 22 21  8T T T T    

hyperpol. voltage inhib.; 7.5 30.04220728, 38.12666705,11 ,1 22 21  82T T T T  

3. Tanh. input-output function:

threshold voltage inhibition; 365 ,100.1874296, 136.2220610,11 12 22 2  0.51T T T T   

Figure 9.9: The rosehip neuron dynamic in case 𝑇12=−76, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.

Figure 9.10: The pyramidal (red) and the rosehip (green) neuron dynamic in case 𝑇12=−76, 𝑇21=−300, t=0.001[s], 𝑥(0)=−0.077, 𝑤(0)=−-0.055.



About the Dependence of the Transfer Matrix on the Input –Output Function in Case of Mirroring the Inhibition of a Pyramidal 
Neuron by a Rosehip Neuron in Continuous-Time Artifi cial Hopfi eld Neural Network

www.physicsresjournal.comhttps://doi.org/10.29328/journal.ijpra.1001167 329

spike voltage inhibition; 1548 ,100.1874296, 136.2220610,11 12 22 2  0.51T T T T   

hyperpol. voltage inhib.; 35.5 100.1874296, 136.2220610,11 12 22 1, 52  0.T T T T    

4. Tanh-Derivative input-output function:

threshold voltage inhibition; 19.1 ,7.542266659, 9.566724239,11 12 22 21  2T T T T   

spike voltage inhibition; 81.1 ,7.542266659, 9.566724239,11 12 22 21  2T T T T   

hyperpol. voltage inhib.; 1.9 7.542266659, 9.566724239,11 ,1 22 21  22T T T T  

5. Linear input-output function:

threshold voltage inhibition; 365100, 135,11 12 2 1, 2 2 1T T T T   

spike voltage inhibition; 1547100, 136,11 12 2, 12 21T T T T   

hyperpol. voltage inhib.; 20,100, 136,11 12 22 21 1T T T T     1

6. Leaky-Relu input-output function:

threshold voltage inhibition; 560,1000, 1360,11 12 22 2 51 82T T T T    

spike voltage inhibition; 634.5,1000, 1360,11 12 22 21 825T T T T    

hyperpol. voltage inhib.; 1229,1000, 1360,11 12 22 21 825T T T T    

7. Swish input-output function:

threshold voltage inhibition; 75207.7884151, 281.8611126,11 12 22 26, 3001T T T T    

spike voltage inhibition; 3027,207.7884151, 281.8611126,11 12 22 21 300T T T T    

hyperpol. voltage inhib.; 75, 3207.7884151, 281.8611126,11 12 22 21 00T T T T     

7. ELU input-output function: 

threshold voltage inhibition; 44103.7968706, 140.8155288,11 12 22 25, 3001T T T T    

spike voltage inhibition; 1674,103.7968706, 140.8155288,11 12 22 21 300T T T T    

hyperpol. voltage inhib.; 45, 3103.7968706, 140.8155288,11 12 22 21 00T T T T     

9. GELU input-output function: 

threshold voltage inhibition; 79198.6021442, 270.3421077,11 12 22 25, 3001T T T T      

spike voltage inhibition; 3165,198.6021442, 270.3421077,11 12 22 21 300T T T T    

hyperpol. voltage inhib.; 76, 3198.6021442, 270.3421077,11 12 22 21 00T T T T     

11. Comments
The use of artiϐicial Hopϐield neural network with self-connection is legitimated by the fact that the rest state x0 [V] and the 

time constant 
1

a
C Rm m




 1[ ]s  is different from zero in case of rosehip and pyramidal nervous cells.

It turns that the prior give of the elements T21  and T12 of the transfer matrix and the exclusive use of the constant external 
impulse current input in [1,2] leads to a necessary current amplitude which is higher as the amplitude reported in literature.

The presented computed transfer matrix coefϐicients are not unique. The element There exist other choices of coefϐicient T12 
which leads to different values of T12 for a given input- output function.
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