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This document describes how to use insilicoIDE through the creating Bonhoeffer van der Pol model (BVP) model. 

We mainly use Model Editor (Graphical User Interface of insilicoIDE), but partially use insilico terminal 

(Command Line Interface of insilicoIDE).  

 

These are the functional-unit modules and equations in BVP model. 

In insilicoML 1.0, physical-quantity ñtimeò is pre-defined as time. 

BVP_excitation module 

ÄὼȾÄὸὭάὩὧz ὼ ὼz ὼz ὼȾσȢπ ῴὭ ὍὩὼὸ 

ὼπ πȢς 

ὧ ρȢχυ 

ῴὭ ώ ÇÉÖÅÎ ÂÙ "60ͅÒÅÆÒÁÃÔÏÒÉÎÅÓÓ ÍÏÄÕÌÅ 

ὍὩὼὸίὸὭάόὰόίᾧόὶὶὩὲὸ ÇÉÖÅÎ ÂÙ ÃÕÒÒÅÎÔÐͅÕÌÓÅÇͅÅÎÅÒÁÔÏÒÍͅÅÍÂÒÁÎÅ ÍÏÄÕÌÅ 

BVP_refractoriness module 

ÄώȾÄὸὭάὩῲὭɀὦz ώ ὥȾὧ 

ώπ πȢς 

ὥ πȢχ 

ὦ πȢφχυ 

ὧ ρȢχυ 

ῲὭ ὼ ÇÉÖÅÎ ÂÙ "60ͅÅØÃÉÔÁÔÉÏÎ ÍÏÄÕÌÅ 

current_pulse_generator_membrane module 

ίὸὭάόὰόίᾧόὶὶὩὲὸ
 ὭὲὭὸὭὥὰᾧόὶὶὩὲὸὴόὰίὩᾬὩὭὫὬὸȟ ὴόὰίὩέͅὲίὩὸὸͅὭάὩÔÉÍÅὴόὰίὩέͅὲίὩὸὸͅὭάὩὴόὰίὩύͅὭὨὸὬ

ὭὲὭὸὭὥὰᾥάὴὩὶὩȟ     ÏÔÈÅÒ×ÉÓÅ
 

ὭὲὭὸὭὥὰᾧόὶὶὩὲὸπ 

ὴόὰίὩᾬὩὭὫὬὸ πȢχ 

ὴόὰίὩέͅὲίὩὸὸͅὭάὩ ςπ (millisecond) 

ὴόὰίὩύͅὭὨὸὬ τπ (millisecond) 
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File operations 

Here are file operations: open, save and export the model. 

Open insilicoML model 

Click directory icon or select [File] - [Open Modelé] in the menu-bar. 

 

  

Save insilicoML  model 

Click disk icon, select [File] - [Save] or press Ct rl +S key. If you want to save as another file, select [File] - [Save 

Asé]. 

  

Export  As Other Format 

Select [File] - [Exporté] and specify the file format. insilicoIDE can export CellML, TeX, Graphviz and C++ 

format. 
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1. Edit Header 

Meta-information of the model is written at header in ISML model. In this document, we edit model name, model 

description, time-discretization, article information and creator information. 

 

1.1. Edit model name 

1) Right click the field and select [Edit Model Headeré] from pop-up menu (Fig. 1.1). 

2) Input model name ñBonhoeffer van der Pol modelò and description, then click [OK] button in Module Setting dialog 

(Fig. 1.2). 

3) You can check the model name at upper left tab (Fig. 1.3). 

 

Fig. 1.1 : Right click the field and select [Edit Model Headeré] 

 

 

Fig. 1.2 : Model Header dialog

 

 

 

 

 

Fig. 1.3 : Model name 
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1.2. Edit numerical configurations 

Set time-discretizaion 0.001 (millisecond) for numerical integration.  

1) Right click the field and select [Edit Model Headeré] from pop-up menu (Fig. 1.1). 

2) Switch to [Numerical Config] tab. 

3) Set 0.01 (milllisecond) for Step and 100 (millisecond) for Time span (Fig 1.4).  

 

Fig. 1.4 : Numerical config 

 

1.3. Edit article information 

If the article has Pubmed ID, insilicoIDE can get article information from TogoWS (This function needs internet 

connection. If your machine is not connetted to the internet, fill each blank manually). 

1) Select [Item] - [Edit Article Infoé], then Article Information dialog start. 

2) Input ñ19431309ò into Pubmed ID box and click [Go Pubmed] button (Fig. 1.5), then the article information will be 

entered. And also article information at Pubmed is shown (Fig. 1.6). 

3) After fill out each item, click [OK] button to update ISML. 
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Fig. 1.5 : Input Pubmed ID ñ19431309ò

 

Fig. 1.6 : Pubmed Information dialog 

 

1.4. Edit creator information 

1) Select [Item] - [Edit Creator Infoé] and start Creator Information dialog (Fig. 1.7). 

2) After fill out each blank, click [OK] button to update ISML. 

 

 

Fig. 1.7 : Creator Information dialog 
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2. BVP_excitation module 

We create module in this section. The procedures to create module are the following. : 

1. Make module 

2. Edit ports 

3. Edit physical-quantity 

2.1. Make BVP_excitation module 

1) Right click the field and select [Make Moduleé] from model-edit menu (Fig. 2.1). 

2) Select a module type "functional-unit", input a model name ñBVP_excitationò and click [OK] button (Fig. 2.2).  

3) BVP_excitation module is created (Fig. 2.3). 

 

  

Fig. 2.1 : Right click the field and select [Make Moduleé] 

 

   

Fig. 2.2 : Edit module information and click [OK] button 

 

  

Fig. 2.3 : BVP_excitation module 

 

2.2. Edit ports 
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All ports data in BVP_excitation module is here. : 

Iext 

    direction:  IN, description: Stimulation from external source 

y_i 

    direction:  IN, description: Refractoriness of the ipsilateral side 

x 

    direction:  OUT, description: Output excitation level of this BVP 

1) Right click gap_junction module and select [Edit Portsé] from the pop-up menu. Edit Ports dialog is shown (Fig. 

2.4). 

2) Input ports data. Double click the name box and input ñIextò, select the direction ñINò and input the description 

ñStimulation from external sourceò (Fig. 2.5). 

3) In the same way, input the other port information. Click [OK] button and the ports will be created (Fig. 2.6). 

 

 

 

Fig. 2.4 : Select [Edit Portsé] and Edit Ports dialog 

 

 

 
Fig. 2.5 : Edit each property 
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Fig. 2.6 : Create ports and the result 

 

2.3. Edit physical-quantity 

All physical-quantity data in BVP_excitation module is here. : 

x 

type: state, initial -value:  ὼ πȢς,  

implementation-type: ode, implementation-definition: ÄὼȾÄὸὭάὩὧz ὼ ὼz ὼz ὼȾσȢπ ῴὭ ὍὩὼὸ  

c 

type: static-parameter, 

implementation-type: ae, implementation-definition: ὧ ρȢχυ 

y_i 

type: variable-parameter, 

implementation-type: assign, implementation-definition: port y_i 

Iext 

type: variable-parameter,  

implementation-type: assign, implementation-definition:  port Iext 

 

There are two methods for input of the equation, C language like (C-like) expression input method and MathML 

Editor. This document explains C-like expression input method (look Appendix for sMathML Editor). 

 

2.3.1. x 

1) Right click the BVP_excitation module and select [Edit Physical Quantityé] from the module-edit menu. Then Edit 

Physical Quantity dialog is shown (Fig. 2.7). 

2) Edit name and type. Select the type ñstateò, and input the name ñxò (Fig. 2.8). 

3) Edit initial-value. Input ñx=0.2ò to the bottom text area and press Enter  key (Fig. 2.9). 

4) Click [Implementation] tag to edit implementation. Firstly select the definition-type ñodeò from the combo box, then 

input the equation: ñdiff(x, time)=c*(x-x*x*x/3.0-y_i+Iext)ò at bottom text area and press Enter  key (Fig. 2.10). 

  βUse ñdiff (x,time)ò or expression of ñÄὼȾÄὸὭάὩò. 
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5) After input all data, click [Apply] or [OK]  button (Fig. 2.11). ISML will  be updated. If users click [OK] button, Edit 

Physical-Quantity dialog will be closed. 

 

 

 
Fig. 2.7 : Select [Edit Physical Quantity] and Edit Physical Quantity dialog 

 

 

Fig 2.8 : Select type ñstateò and name ñxò 

 

 

Fig. 2.9 : Input initial-value ñx = 0.2ò and press Enter  key 
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Fig. 2.10 : Select ñodeò and input definition ñdiff( x , time ) = c *( ( x - x * x * x/3.0 - y_i ) + Iext)ò and press Enter  key

 

Fig. 2.11 : [Apply] , [Delete] , [OK]  and [Cancel]  button 

 

To output physical-quantity value to the other module, it is necessary to bind physical-quantity to output port. 

About BVP_excitation module, bind physical-quantity x to the port x. 

6) Right click the BVP_excitation module and select [Edit Portsé] (Fig. 2.4). 

7) Select ñxò in the physical-quantity combo box (Fig. 2.13) and click [OK] button. 

 

 

Fig. 2.13 : Set physical quantity 

 

2.3.2. c 

1) Select a blank line in the top table, then set type ñstatic-parameterò and the name ñcò. 

2) At [Implementation], Select the definition-type ñaeò and input the equation, ñc = 1.75ò to the bottom text area. 

3) Click [Apply] button or [OK] to update ISML. 
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2.3.3. y_i and Iext 

1) Select a blank line in the top table, then set type ñvariable-parameterò and the name ñy_iò. 

2) Click [I mplementation] tag. Select ñassignò at definition type (Fig. 2.10). Then, click lower right [ é ] button and start 

assign dialog (Fig. 2.12). Select y_i port and [OK] button at the dialog (Fig.2.13). 

3) Click [Apply] button or [OK] button to update ISML.  

4) Create Iext in the same way. Assign physical-quantity Iext to the port Iext. 

 

 

 

 

 

Fig. 2.12 : Select assign type and click [ é ] button 

 

Fig. 2.13 : assign port y_i 

 

 

 

3. BVP_refractoriness module 

Create BVP_refractoriness module (Fig. 3.1) in the same way as section 2. All the module data is the following. : 

 

Fig. 3.1 : BVP_refractoriness module 

[module]  

BVP_ refractoriness 

Module Type: functional-unit 

[port] 
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x_i input port 

direction:  IN, description: Excitation level of the ipsilateral side 

y output port 

  direction:  OUT, physical quantity: y, description: Output refractoriness of this BVP 

[physical-quantity] 

y 

tyep: state,  

initial -value:  ώ πȢς,  

implementation-type: ode, implementation-definition:  ÄώȾÄὸὭάὩῲὭɀὦz ώ ὥȾὧ βuse diff(y ,time) 

a 

type: static-parameter,  

implementation-type: ae, implementation-definition: ὥ πȢχ 

b 

type: static-parameter,  

implementation-type: ae, implementation-definition: ὦ πȢφχυ 

c 

type: static-parameter,  

implementation-type: ae, implementation-definition: ὧ ρȢχυ 

x_i 

type: variable-parameter,  

implementation-type: assign, implementation-definition: port x_i  
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4. current_pulse_generator_membrane module 

In this section, we create current_pulse_generator_membrane module (Fig. 4.1). This section describes how to set 

unit to physical-quantity and set physical-quantity implementation whose type is conditional. 

 

Fig. 4.1 : current_pulse_generator_module 

 

All  data is the following. : 

[module] 

current_pulse_generator_membrane 

    type: functional-unit 

[port] 

 current 

    direction:  OUT, physical quantity: stimulus_current, 

description: The current value changes from an initial value (parameter: initial_current) to another value 

(parameter: pulse_height) at a given onset time (parameter: pulse_onset_ time) and after the pulse_width return to 

the initial value. 

 [physical-quantity] 

initial_current 

type: static-parameter, 

implementation-type: ae, implementation-definition:  ὭὲὭὸὭὥὰᾧόὶὶὩὲὸπ 

pulse_height 

type: static-parameter, 

implementation-type: ae, implementation-definition:  ὴόὰίὩᾬὩὭὫὬὸ πȢχ 

pulse_onset_time 

type: static-parameter, unit:  millisecond, 

implementation-type: ae, implementation-definition: ὴόὰίὩέͅὲίὩὸὸͅὭάὩςπ 

pulse_witdh 

type: static-parameter, unit:  millisecond 

implementation-type: ae, implementation-definition: ὴόὰίὩύͅὭὨὸὬ τπ 
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stimulus_current 

type: variable-parameter 

implementation-type: conditional, 

implementation-definition:    if ( ὴόὰίὩέͅὲίὩὸὸͅὭάὩÔÉÍÅ && ÔÉÍÅὴόὰίὩέͅὲίὩὸὸͅὭάὩὴόὰίὩύͅὭὨὸὬ ) 

 ίὸὭάόὰόίᾧόὶὶὩὲὸὭὲὭὸὭὥὰᾧόὶὶὩὲὸὴόὰίὩᾬὩὭὫὬὸ 

else 

  ίὸὭάόὰόίᾧόὶὶὩὲὸὭὲὭὸὭὥὰᾧόὶὶὩὲὸ 

 

4.1. Make module and edit ports 

Create ñcurrent_pulse_generator_membraneò module and output port ñcurrentò in the same way as section 2. 

 

4.2 Edit physical-quantity 

4.2.1. initial_current, pulse_height, pulse_onset_time and pulse_witdh. 

Create initial_current, pulse_height, pulse_onset_time and pulse_witdh in the same way as section 2.  

pulse_onset_time and pulse_witdh have time-unit "millisecond", select millisecond from the Unit combo box (Fig. 

4.2). 

 

 

Fig. 4.2 : Select unit 
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4.2.2. Create stimulus_current (use insilico terminal) 

In this section, create a physical-quantity whose definition type is "conditional". The implementation is the 

following: 

if  ὴόὰίὩέͅὲίὩὸὸͅὭάὩÔÉÍÅ && ÔÉÍÅὴόὰίὩέͅὲίὩὸὸͅὭάὩὴόὰίὩύͅὭὨὸὬ: ï condition 

       ίὸὭάόὰόίᾧόὶὶὩὲὸὭὲὭὸὭὥὰᾧόὶὶὩὲὸὴόὰίὩᾬὩὭὫὬὸ ï definition 1 

else:  

       ίὸὭάόὰόίᾧόὶὶὩὲὸὭὲὭὸὭὥὰᾧόὶὶὩὲὸ ï definition 2 

 

1) Select Definition-type "conditional". 

2) Select "if" and input the condition and definition 1 to the blanks (Fig. 4.3). 

3) Push [+] button, select "else" and input the definition 2 (Fig. 4.4). 

4) Click [Apply] button or [OK] button to update ISML. 

 

Fig. 4.3 : Input the condition and definition 1 

 

 

Fig. 4.4 : Inpute the definition 2 

 

Bind physical-quantity ñstimulus_currentò to output port ñcurrentò in the same way as section 2 (Fig. 4.2). 

  

Fig. 4.2 : Bind reference physical quantity 
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5. L ink port s and Capsulation 

In this section, link ports by functional edge and capsulate modules. To exchange physical-quantity value between 

modules, users need to link ports by edge. Capsulation restricts linking edge between modules.  

 

5.1. Link ports 

Funcitonal edge is linked by dragging the output port to the input port (Fig. 5.1). Link x port (BVP_excitation 

module) to x_i port (BVP_refractoriness module) and y port (BVP_refractoriness module) to y_i (BVP_excitation 

module) like Fig. 5.2. 

 

 

Fig. 5.1 : Link functional edge from x port to x_i port 

 

Fig. 5.2 : Two functional edges 

 

5.2. Capsulation 

Capsulation of one root module is completed at Model Editor, but users need to use insilico terminal to capsulate a 

number of root modules. 

 

5.2.1. Capsulate current_pulse_generator_membrane module 

Capsulate current_pulse_generator_membrane module and link forwarding edge. 

1) Right click the current_pulse_generator_membrane module and select [Encapsulate] (Fig. 5.3). The module will be 

capsulated. 

2) Create ouput port ñcurrentò. 

3) Link forwarding edge by dragging and droping current port (Fig. 5.4). 
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Fig. 5.3 : Encapsulate the module 

 

Fig. 5.4 : Link forwarding edge 

 

5.2.2. Capsulate BVP_excitation and BVP_refractoriness modules 

Push Ct rl  key and click BVP_excitation and BVP_reforactoriness modules and select Encapsulate from a 

right-click menu. Both moudules are capulated by one capsule module (Fig. 5.5). 

 

Fig. 5.5 : Encapsulate the two modules 

 

After capsulatioin, create input port Iext and output port x at newly-created capsule module. Then link Iext port to 

Iext port and x port to x port by forwarding edge. Fig. 5.5 is the result. 

 

Fig. 5.5 : Capsule module of BVP_excitation and BVP_refractoriness 
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5.3. Link capsule modules by functional edge 

Link two capsule modules by functional edge and BVP model is finisihed (Fig.5.6). You can simulate this model 

by insilicoSim. 

 

 

Fig. 5.6 : BVP model with pulse_generator 
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6. Simulate BVP model in insilicoSim 

Simulate BVP model by insilicoSim in this sections. The proceeding of simulation is the following : 

1) Select [File] ï [Open] and specify the file location of BVP model file (Fig. 6.1). 

 

Fig. 6.1 : Open the model 

 

2) Edit each simulation setting (Fig. 6.2). 

ü Runge-kutta and eular method is available in insilicoSim. 

3) Click [Run] button and run the simulation (Fig. 6.2).  

ü The result file ".csv" will be created in the same directory with the model file. 

 

Fig. 6.2 : Run the simulation 

 

4) After run the simulation, select x axis and y axis, then click plot button to plot the result by gunplot (Fig. 6.3). 

gnuplot graph will be shown (Fig. 6.4). 

ü It is necessary to install gnuplot and set path. 
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Fig. 6.3 : Plot the result 

 

 
Fig. 6.4 : gnuplot graph 
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7. Couple two BVP models 

In this section, we couple two BVP models by gap-junction. The finished model is Fig. 7.1. 

Follow these procedures. : 

1. Open sample/bvp_pulse.isml (Select [File] ï [Open] and specify the file location) 

2. Create gap_juction module ï 7.1 

3. Create sum module ï 7.2 

4. Copy BVP module ï7.3 

5. Link modules ï7.4 

 Fig. 7.1 : Two coupled BVP model with pulse_generator 

 

7.1 Create gap_junction module 

Make new ñgap_junctionò module 

1) Right click the field and select [Make Moduleé] from pop-up menu (Fig. 7.2). 

2) Input ñgap_junctionò at Model Name and select ñfunctional-unitò at Module Type in Module Setting Dialog.  

Then click [OK] button (Fig. 7.3). 

3) gap_junction module is created (Fig. 7.4). 
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Fig. 7.2 : Right click the field and select [Make Moduleé] 

 

Fig. 7.3 : Input ñgap_junctionò and click [OK] button 

 

 

Fig. 7.4 : gap_junction module 

Create ports 

All ports data is the following. : 

V_1 

    direction:  IN 

V_2 

    direction:  IN 

I_1 

    direction:  OUT physical quantity: I_1 

I_2 

    direction:  OUT physical quantity: I_2 

1) Right click the gap_junction module and select [Edit Portsé] from the module-edit menu. Then Edit Ports dialog is 

shown (Fig. 7.5). 

2) Input V_1 data. Double click the name box and input ñV_1ò and select the direction ñINò (Fig. 7.6). 

3) In the same way, input the other port information. Click [OK] button and the ports are created (Fig. 7.7). 
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Fig. 7.5 : Select [Edit Portsé] and Edit Ports dialog 

 

 

Fig. 7.6 : Edit port name and direction 

 

Fig. 7.7 : Input all gap_junction ports and [OK] putton 

Create physical-quantity 

All physical-quantity data is the following. : 

I_1 

type: variable-parameter, 

implementation-type: ae, implementation-definition: )ͅρ Ὧz ᾠς ᾠρ 

I_2 

type: variable-parameter, 

implementation-type: ae, implementation-definition: )ͅς Ὧz ᾠρ ᾠς 
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V_1 

type: variable-parameter, 

implementation-type: assign, implementation-definition: port V_1 

V_2 

type: variable-parameter, 

implementation-type: assign, implementation-definition: port V_2 

k 

type: static-parameter,  

implementation-type: ae, implementation-definition: Ὧ πȢφ 

 

Create k 

1) Right click the gap_junction module and select [Edit Physical Quantityé] from pop-up menu. Edit Physical Quantity 

dialog will be shown (Fig. 7.8). 

2) After click a blank line in the table, set type ñstatic-parameterò and the name ñkò (Fig. 7.9). 

3) Click [Implementation] tag to edit implementation. Select the definition-type ñaeò from the combo box, then input the 

equation: ñk=0.6ò at the bottom text area and press Enter  key (Fig. 7.10).  

4) After input all data, click [Apply] or [OK] button (Fig. 7.11). ISML will  be updated. If you clik [OK] button, Edit 

Physical-Quantity dialog will be closed. 

 

  

Fig. 7.8 : Select [Edit Physical Quantity] and Edit Physical-Quantity dialog 

 

  

Fig 7.9 : Select type ñstatic-parameterò and input name ñkò 
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Fig. 7.10 : Select ñaeò and input definition ñk=0.6ò and press Enter  key

 

 

Fig. 7.11 : [Apply] , [Delete] , [OK]  and [Cancel]  button 

 

Create V_1 

1) Click a blank line in the table, then set type ñvariable-parameterò and the name ñV_1ò. 

2) Click [Implementation] tag. Select ñassignò at definition type. Then, click lower right [ é ] button (Fig. 7.12) and start 

assign dialog. Select V_1 port and [OK] button at the dialog (Fig.7.13). 

3) Click [Apply] button or [OK] button to update ISML in Edit Physical-Quantity dialog.  

 

 

 

 

Fig. 7.12 : Click [ é ] button 

 

Fig. 7.13 : Assign V_1 input port 

 

Create V_2 

Create physical-quantity V_2 in the same way as V_1. Unlike V_1, Assign V_2 input port. 

 

Create I_1 

1) Edit name and type. Select the type ñvariable-parameterò, and input the name ñI_1ò (Fig. 7.14). 
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3) Click [Implementation] tag to edit implementation. Select the definition-type ñaeò from the combo box and input the 

equation: ñI_1=k*(x_2-x_1)ò at the bottom text area and press Enter  key (Fig. 7.15 ).  

4) After input all data, click [Apply] or [OK] button (Fig. 7.16). ISML will  be updated. If you clik [OK] button, Edit 

Physical-Quantity dialog will be closed. 

  

Fig 7.14 : Select type ñvariable-parameterò and name ñI_1ò 

    

Fig. 7.15 : Select ñaeò and input definition ñI_1=k*(x_2-x_1)ò and press Enter  key

 

Fig. 7.16 : [Apply] , [Delete] , [OK]  and [Cancel]  button 

 

To output the value of physical-quantity I_1 to the other module, users need to edit port I_1. 

5) Right click the gap_junction module and select [Edit Portsé] (Fig. 7.5). 

6) Select ñI_1ò in the physical-quantity combo box at I_1 line (Fig. 7.17) and click [OK] button. 

 

Fig. 7.17 : Set physical quantity 
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Create I_2 

Create physical-quantity I_2 in the same way as I_1. 

 

7.2 Create sum module 

Create sum module in the same way as gap_junction. Module data is the following. : 

 

[module]  

sum 

Module Type: functional-unit 

[ports] 

I_1 input port 

direction:  IN 

I_2 input port 

direction:  IN 

Isum output port 

  direction:  OUT, physical quantity: Isum 

[physical-quantity] 

I_1 

type: variable-parameter, 

implementation-type: assign, implementation-definition:  port I_1  

I_2 

type: variable-parameter,  

implementation-type: assign, implementation-definition:  port I_2 

Isum 

type: variable-parameter,  

implementation-type: ae, implementation-definition: Ὅίόά)ͅρ )ͅς 

 

7.3 Copy BVP module 

1) Delete the functional edge between pulse_generator module and BVP module (Fig. 7.18). 

2) Click the BVP model and press O key on your keybord to create a new output port (Fig. 7.19). Then link forwarding 

edge (Fig. 7.20). 

3) Right click the BVP module and select [Copy] (Fig. 7.21) and right click the field and select [Paste] (Fig. 7.22). 
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Fig. 7.18 Delete the functional edge 

 

 

Fig. 7.19 : Press O key to create a new output port 

 

Fig. 7.20 : Link forwarding edge 

 

 

Fig. 7.21 : Select [Copy] 

 

 

 

Fig. 7.22 : Select [Paste] at the field 

 

7.4 Link modules 

Link modules each other like Fig. 7.1. These are all edges. : 

 ̧ Isum (sum) to port1 (capsule_of_BVP_refractoriness) 

 ̧ port2 (capsule_of_BVP_refractoriness) to V_1 (gap_juntion) 

 ̧ port2 (capsule_of_BVP_refractoriness__1) to V_2 (gap_juntion) 

 ̧ I_1 (gap_junction) to I_1 (sum) 

 ̧ I_2 (gap_junction) to port_1 (capsule_of_BVP_refractoriness__1) 

 ̧ port_1 (capsule_of_current_pulse_generator_membrane) to I_2 (sum)  
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Appendix. MathML Editor  

In this appendix, we enter the following equation by MathndML Editor. : 

 ÄὼȾÄὸὭάὩὧz ὼ ὼz ὼz ὼȾσȢπ ῴὭ ὍͅὩὼὸ 

 

1) Click relation: = 

 

2) Select left , click calculation: d / d  and input x, time 

 

 

3) Select right , click operator: +  and input Iext 

 

4) Select left , click operator: × and input c 

 

 

5) Select , click operator: -  and input x at left  

 

 

6) Select , click operator: +  and input y_i at right  

 

 

 

 

 


