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St Ulator obiech

« Simulation of biologically plausible spiking
neural structures

* Allow the simulation of different neuron
models

— Allow the incorporation of new neural features
into neuron models without needing to modify
the simulator code.

» Real-time simulation of middle-scale
neural networks (thousands of neurons).
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Input spikes (INPUT.DAT)

FORMAT:
Number of total spikes

{Time_of first spike Number_of spikes Time_interval

First neuron Number_of neurons}

Example:
20

0.100 10 0.005 O 1
0.200 10 110




Network topology and learning
rules (NET.CFG)

FORMAT:
[Definition of network neurons]

[Definition of learning rules (weight modifications)]

[Definition of the connections between neurons]




[Definition of network neurons |]

FORMAT:
Number_of neuron_types in_the network

Total _number_of neurons _in_the network

[Number_of neurons Name_of neuron_type Monitorized]

Example:
2

8

4 Granular O
4 Golgi 1




[Definition of connections between neurons]

FORMAT:
Total number_of connections between neurons
[Num_of first_ source neuron Num_of source neurons

Num_of first target neuron Num_of target neurons
Num_of repetitions Delay(secs) Increment_of delay Type

Max_conductance(nS) Num_of learning_rule]

Example:

12

02 42 2 0.0010.000 00.8 -1
44 01 1 0.0020.001 00.8 -1




FORMAT:

[Number_of weights to define Conductance(nS)]

If Number_of weights to define=0, all the remaining weights are stablished

If Conductance(nS)<0, The weight is chosen randomly between 0 and
|Conductance(nS)|

oIf Conductance(nS)> Max_conduc(nS), The weight is set up to the value
Max_conduc(nS)

Example:

8 0.01
0-0.5




Output file (OUTPUT.DAT)

FORMAT:

[Time Num_of neuron State variable(or 1.0)]

oIf State_variable=1.0, the neuron Num_of neuron has emitted a spike at Time

Example:

0.001 0 -0.070
0.002 0 -0.065
0.003 0 -0.055
0.004 0 1.0
0.004 1 1.0




Learning rules
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[Definition of the rules for weight changing] (NET.CFG)

FORMAT:

Number of learning_rules
[Change_trigger Localization_of peak(in_secs)
Ind_change coefficient Dep change coefficient]

*Wi=Wi+ Ind_Change_coefficient * (Max_Wi-Wi)

Wi=Wi+ Dep_change coefficient * Fn(previous_activity)

Example:
2

0 0.1 0.005 -0.03
10.00.0 0.0




Neuron model

 Neural state

 Functions to calculate the value of each

state variable
— Vm=f,, (Vm,,Gexc,,Ginhy,At), Gexc=f,,.(Gexcy,At),...

Functions for the firing prediction (output

events)
— Tdis=f;4s(Vmg,Gexcy,Ginhg), Tfin_dis=fr;, (VMg Gexcy,Ginhy)

Vm
Grest__ GinEIJ;’\ Gexc

EinhI Eexc
! +

: 'f_




Model equations

conductance-based synapses
=

inh?’

* Neuron parameters: C_, E..., Texe =

- Neuron state variables: V.., G,,., G,

Tinhs

rest’ grest

Depends on:
Vi Goyer Ginns

exc’
q Table of 4 dim.
Vm(VmO, Gexcof Cv:\'inhofAt)

Depends on:
Clyn Table of 2 dim.

Gexc(G,,. ,At)

exco

Depends on:
Gt Table of 2 dim.

Ginh(Giy At)




Model tables

 |n this neuron model the membrane potential
takes a time to reach the firing threshold after
receiving a spike.

* This delay depends on the
neural state (V,,, G.,., Giy) IN
the instant the input spike is
received

& g
Euler / Runge- Euler / Runge-
Kutta method Kutta method

i 8 i 1

delay refractory period Table of 3 dim. Table of 3 dim.

0,002 0. 004 timDE,: ':'(gﬁ) Tf(VmO’Gexco’Ginho) Tf_end(VmO’Gexco’Ginho)

threshold

input spike
output spike




Table generator

* Input file for the generator. TAB2CFG.C

EQUATION 1

PART 1

MODEL 1

TAB2CFG.C

PART N

EQUATION N

MODEL N




Table definition file (TAB2CFG.C)

FORMAT:
[Declaration of equations and neural variables]
[Definition of functions and function’s selectors]

[Definition of tables]




[Declaration of equations and neural variables]

FORMAT:

#define NUM_EQS Number_of equations

struct consts

{
float Constants used in_the equations;

1§

union vars

{
float listtNUM_EQS+1];

struct

{
float t;

float Neural_variables;
} named;

IF




[Definition of functions and function’s selectors]

FORMAT:

inline float Name_Of_the_fn_Ca|C(union vars *v, struct consts *c, float h)
{
return(Computation_of the corresponding neural variable),
}

struct teq_sys

{

float (*eq)(union vars *, struct consts *, float);

int diff;

} Eq_sys[]INUM_EQS]={

¢{Name_of Fn_linked with var1,Fn_diferential;,...;

};-

inline int Name_of_the_fn_selector(union vars *v, struct consts *c)
{

return(0);

}

int (*(Eq_sel[]))(union vars *, struct consts *)=

{Name_of the fn_selector,.. };




[Defintion of tables]

FORMAT:
*Num_of files to _generate
*Name_of file
*Num_of tables in the file
*\Values of constants declared
=|nitialization_of state variables
*Num_of equations to compute
= ist_of equations
*Num_of dimensions _of the table
*Num_of the variable corresponding to the dime
nsion
*Num_of intervals
*First coord value Last coord value
Num_of coords Coord Distrib_lin_or_log
Num_of selector




Configuration of the neuron model
(MODEL_N.CFG)

FORMAT:
Number_of neural state variables
Num_of tables corresponding to each_variable

Initialization_of the state variable
Num_of table for firing prediction
Num_of table for firing end_ prediction

Number_of synaptic_state variables
Num_of table corresponding to each_variable

Num_of used tables
Num_of dims Num_of var corresp to first dim Interpolation_of first dim...N




