Getting Started with insificol DE 1.4 GUI

This documentlescibeshow touseinsilicolDE through the creatingBonhoeffer van der Pol mod@VP) model
We mainly useModel Editor Graphical User Interfaceof insilicolDE), but partially use insilico terminal

(Command Line Interfacef insilicolDE).

These are théunctionatunit modulesand equations BVP model
In insilicoML 1.0, physicalquantityfitimed is predefined as time.
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File operatiors

Here are fileoperationsopen, save and expdite model

OpeninsilicoML model
Click directory iconor select [File] -[Op e n M bpimtkelménubar.

Model Editor Model Editor

|

|

File Edit View Item Style Simulation W Edit Miew Iem Style  Simulation
DAB  RGiE e [0 | @
 Module Tree LoRen ISML model file & x| e it
r . # Open [SML Model..  Ctrl+0 == |
Add ISML Model..
B Save Ctrl+S
Save As.. Gtrl+Shift+S

SaveinsilicoML model
Click disk icon,select[File] - [Savé or pressCtrl +S key. If you want to save as another file, s¢lgsle] - [Save

As &
Model Editor

N Edit  View Item Ng?ylg Simulgtion
Gtri+N

Model Editor
I Eile Editrwyiert{u § ;tgrp ] §ty[e wSirmglgtion

DeR =1 I B
[Save}

Module Tree & x| =
- = | & Open ISML Model.. Gtrl+O
Add ISML Model..

\ Save fs.. CtrI+Shift+! !

Export As Other Format

Select [File] - [Expore ] and specif the file format insilicolDE can exportCellML, TeX, Graphviz and C++

format

Model Editor
Edit  View

ltemr §@yI§ Simulqtion

[ Mew Ctrl+N o)
e lax
&' Open ISML Model.. Ctrl+O — |-
Add ISML Model..
) save Ctrl+S
Save As.. Gtrl+Shift+S
Open CellML...
Exit
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1. Edit Header

Metainformation of the modeak written atheaderin ISML model In this documentwe editmodel namemodel

descriptiontime-discretizationarticle informatiorand creator information

1.1. Edit model name

1) Right click the field andele¢ [ Ed i t
2) Inputmodel naméi Bonhoef f er
(Fig. 1.2)

3) You can check the model naratupper left talFig. 1.3).
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Make Modile

Mo dr@m poptdEnenu@-ig.&.]).
v aard dekeriptionfheniclickmi@Kdl leuttad in Module Setting dialog

Make Module...
Edit Model Header.. A
Edit UnitSet..

Paste Ctrl+y

Sort

Fig. 1.1: Right click the fieldandselect{ Edit Model Headeé ]

M Edit Header RIX)
“Basic Ifo | Numerical Config
model name:
[Bonhosffer van der Pol model
description:
created: 2000-11-25T05:40:19+09.00
registered:
last-modified: 2010-10-01T06:11:07+0900 |

Fig. 1.2 : Model Header ¢hlog
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Fig.1.3: Model name



1.2. Edit numericalconfigurations

Settime-discretizaion 0.001 (mikiecond) for numera integration.

1) Rightclickthe fieldandselec [ Edi t Mo d anpopdenenudig.4.]). fr o
2) Switch to [NumericalConfig] tab.
3) Set 0.01 (milllisecondfor Step and 10Qmillisecond)for Time span (Fig 1.4).

I Model Header @@
Basic info | Numerical confie
Algorithm:
Random generator: }ancrl()rin C library ;
Numerical integration: |Euler v

Default time discretization configuration:
Time unit: |millisecond v‘
Step: | on
Variable step size: []
Step min [

Step max: |

Simulation time span:
Time unit: | millisecond v

Time span: | 1 LilDr

E oK ;[ Cancel ]
.3

Fig. 14 : Numerical config

1.3. Edit article information

If the article hasPubmedID, insilicolDE canget article information fronTogoWS {This function needsinternet

connectionlf your machine is notonnetedto theinternet fill each bank manually.

1) Selet[ltem]-[Ed i t Ar t]jtlehAeticld Imfornmagon dialogstart
2) Input il9431309 into Pubmed IDbox andclick [Go Pubmefbutton (Fig. 15), thenthe article information will be
entered And alsoarticle information at Pubmed is showfig. 16).

3) After fill out each itemclick [OK] buttonto update ISML



Search: | Go PubMed

PubMed ID: 19431309 | [view PubMed

Article Titl: |

Authors: |

Journal Title: |

Publisher Name: |

Volume: | | Issue: | ]
First Page: | | Last Page: | |
Publication Date: | |
[  Deseription | |

Fig.1.5: InputPubmedD 19431309

1.4. Editcreator information

rsins occur in the BYP and HH models for a rance of constant anolied currents which make
<

Advanced search Help

Pubhed 2o Search| rooved v =

1.5, National Uibrary of Msdicine
National Insttutes of Health

Display Settings: (¥) Abstract Sendto: ]

/4, Your browser version may not work well with NCBI's Web applications. More Related articles.

information here. L
Heart muscle contraction oscillatior
{Int.J Biomed Co

Biophys J. 1961 Jul:1(8)445.85.
Impulses and Physiological States in Theoretical Models of
Nerve Membrane.

Cantrol of repaitve fiing in squid .
fizhugh B membrane 32 3 model for 3 il P

Digital computer solutions for excit:
propagation of the nerve imp [Bicp.

Van der Pof's equation for of termsto
produce a pair of noninear differential equations with etther a stable singular poit of a mit
cycle. The resuting "BYP model” has two variables of state, representing exciabilty and
iness, theoretical model for the iron wire:
model of nerve. This BYP model serves as & simple representative of a class of exciable-
oscillatory systems tuxley (HH) model of the squid aiart axon. The
BVP phase plane can be divided into regions corresponding to the physiological states of
nerve fiber (resting, active, refractory, enhanced, depressed, etc ) to form a "physiclogical
\* with the help of whi be summarized. 4

Playing the devil's advocat:
Hodghin-Huxley model [Trends New
[T Mechanisms for nonunifor
propagation along e [Ann N Y Acar

» See reviews... |

Cited by 48 PubMed Certral articles

Parameter Estimation for Differenti,
properly chosen prajection from the 4-dimensional HH phase space onto a plane produces a  Models Using a Framev[J Am Stat
similar diagram which shows the underlying relationship between the two models. Impuise: Variational Bayesian identification
prediction of stochastic nonlit [Phy= ¥

Fig. 1.6 : Pubmednformationdialog

1) Sekct [Item]- [Edit Creatod n f a@mid$tartCreatorinformation dialog (Figl.7).

2) After fill out each blankclick [OK] button toupdate ISML.

Frist Name
Middle Name
Last Name

Organization

Creator Information E]

l

l

Address

Add E-Mail ‘

OK ][ Cancel ]

Fig. 17 : Creator Information iélog




2. BVP_excitation module

We aeatemodulein this sectionThe procedureso creae modulearethe following :

1. Make module
2. Edit ports
3. Edit physicatquantity

2.1 MakeBVP_excitationmodule

1) Right click the field and e | e c t

[ Ma kam mdaledit mengHig. 2.1).

2) Select a module type "functionahit”, inputa model naméBVP_excitatiord andclick [OK] button (Fig. 2.2).

3) BVP_excitationmodule is ceated (Fig. 2.3).
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DpB KRG » o ol ™ok
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8 x| Borhostier van der Pol model

= . Make Module...
Edit Made| Headsr..
Edit UnitSet..
[ Paste Crl+
Sort
Fig. 2.1: Right clickthe fieldandselect [ Make Modul e é]
M Module @E\ e Edt y— Bem Ste Sipistion Tool Puen ben
L L I B
(O Container (&) Functional-unit Capsul o

Mame: |EVP_excitationF

Keyword: | |

Capsulated-by: | ]

Template:

Fig. 2.2 :Edit module informatiorand click [OK] button

2.2 Edit ports

[+]
BUP EReaton
Fhyarcal Cvantly
Physical Quanti 5
e name sigred oor descrioten

(Vow i ] [Exertvo v

Fig. 2.3 :BVP_excitationmodule



All ports data inBVP_excitationmodule is here.

lext
direction: IN, description: Stimulation from external source
y i
direction: IN, description: Refractoriness of the ipsilateral side

direction: OUT, description: Outputexcitation level of this BVP

1) Right click gap_junctionmoduleand select Edit Portg ] from the pop-up menu Edit Ports éhlog is shown(Fig.
2.4).

2) Input ports data Double click the name box and inpéitext, slect the directiomiNO and inputthe descripion
fiStimulation from external sourcéFig. 2.5)

3) In the same way, inptihe otherport informatian. Click [OK] button andthe portswill be createdFig. 2.6)

% N M Edit Ports 3]
BVP excitation

Edit Module... name direction physical quantity description ‘
Edit Physical Quantity...
Import SBML model...

“BVP excital

a Edit morphology >
Expand |
Expand All
el A
Copy Ctr+G Description
Paste Ctri+y
8 Delete Del

Remove all descendant modules Shift+Del
Encapsulate

Fig.24:Select[ Ed i t &nhdHEdit Pors dialog

name l direction description

|

Iext I ‘ F’ Stimulation from external sourcel:[

ouT

Fig. 2.5 : Edit eachproperty



M Edit Ports

@[3

BVP excitation

name direction physical quantity description

pan
\
Stimulation from external source ) \

Refractoriness of the ipsilateral side

Lext N
¥ IN

X ouT Output excitation level of this BVP

lext |

[ vij

Description

Output excitation level of this BVP|

BVP _excitation

Fig. 2.6: Createports andheresult

2.3. Edit physicalquantity

All physicalquantiyy data inBVP_excitation modulés here:

type: stateinitial -value: @ T&,

implementation-type: ode, implementation-definition: AcfAd Qd @7 @ @ ®Z cfo8t O'Q 0Q® O

c

type: static-parameter

implementation-type: ae,implementation-definition: & p& v
y_i

type: variableparameter

implementation-type: assignjmplementation-definition: porty _i
lext

type: variableparameter

implementation-type: assignjimplementation-definition: portlext

There are two methods for input of the equatiohanguage likgC-like) expressiorinput methodand MathML
Editor. This documenéxplainsC-like expressiornput methodlook Appendixfor sMathML Editor).

2.3.1x

1) Right click the BVP excitation module andetect [EditPhysical Quantitg ] from t-ditememd benHdie
Physical Quantitylialog is showr(Fig. 2.7).

2) Edit name and type.efect the typdistat®, andinputthe namédixo (Fig. 2.8)

3) Edit initial-value Input fix=0.20 to the bottom text aeeand pres&nter key (Fig. 2.9.

4) Click [Implementatiohtag to @it implementationFirstly selectthe definition-type flioded from the combdox, then

input the equatiomidiff(x, time)=c*(x-x*x*x/3.0-y_i+lext)0 atbottom text areandpressEnter key (Fig. 2.10)
B Usefdiff (x,time)o or expressiorof AAIAd Q6. Q



5) After inputall datg click [Apply] or [OK] button (Fig. 2.11) ISML will be updatedlf usersclick [OK] button, Edit

PhysicatQuantitydialog will be closed

B Physical-quantity
N | Type Name Type | Assigned port Description |
lext | Jb-

Dl .

Edit Module...
vilp Edit Module Frame Goordintae...
Edit Ports..
Edi U 3
_eXCH " Import SBML model...

Edit morphology » “Basic settine | Initial vakie | Doman | Implementation | Description | Problem condition set

t Data Link to port

Type: 3 Direction: O Out O In
Expand [
Expand All Name:
Collapse
Precision: |double
Copy Ctr+C
Baste Ok Unit: |dimensionless v
R Delete Del
Remove all descendant modules Shift+Del Macdoligr |
Encapsulate
Cot | Row: Add new port
e

Fig. 2.7: Select [Edit Physical Quantity] anddit Physical Quantitydialog

Basic setting | Initial value | Domain | Implementation | [

Type: Estate v |

Name: |x

Precision: |double ;

Unit: idimens ionless v !

Fig 2.8: Sdecttype fistaed andnamefixo

Base Setting | hnitial Value | Domain | Implementation | Description |

x =02

[x=02] T \[:]\

Fig. 2.9: Inputinitial-valuefix = 0.2 ard pressEnter key



Basic setting | Ihitial value Domain | Implementation | Description | Problem condition set

: = Tncluding: =
Definition-type: [ode ¥ [ Select

| Base Setting Ihitial

X'X'X
3.0

1\ 3
\ v |
~

I o

| pde -

| dde

| sde

(| de

e |

‘ func;-express ion

| assign

| eraph

i conditional v Equation: [diff(pulse_onset_time, time) = o % (x - x * x * x/30 - y i) + lext)

——pulse_onset_time=c" 1“ X=
i dtime \

~y_i+lext |

;

Fig. 2.10: Selectfioded and nputdefinitioni d i f f () =c*((x-x*ixfmd3.0-y i) + lex)oand pres&nter key

Apply Delete QK Cancel

Fig. 2.11 JApply] ,[Delete] ,[OK] and[Cancel] button

To outputphysicatquantity value to the other module, it is necessdoybind physicauantity to output port.
About BVP_excitation modulebind physicatquantity x to the port x.

6) Right click the BVPexcitation module andsekec [ Edi t dPdM).t sé] (Fi
7) Selet fixdin the physicalguantitycombobox (Fig. 2.13)andclick [OK] button

M Edit Ports 23]
BWP _excitation
name direction physical quantity description

|lext IN Stimulation from external source ‘

Iy N Refractoriness of the ipsilateral side ‘

}x ouT ‘; ; Output excitation level of this BVP ‘
SShape i ‘

[——
Description
‘Oulpul excitation level of this BVP

Fig. 2.13 : 2t physical quantity

23.2.c

1) Selectablark line in the top tablethensettype fistaticparameted andthe nameico.

2) At [Implementatioh Select the defirtion-type flaed and nput the equatiorfic = 1.7% to the bottom text area
3) Click [Apply] button or [OK] to upéte ISML.

10



2.3.3.y_iand lext

1) Select dlank line in the top tablethensettype fivariableparameted andthe namdiy_io.

2) Click [mplementatiohtag. Selectfiassig at definition type (Fig. 2.10). Then, dtidowerright] é ] buttt on a
assign dialodFig. 2.12). Select y port and [OK] button at thelialog (Fig.2.13.

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

4) Create lexin the same wayAssignphysicatquantity lextto the portiext.

M Dialog 33
[port
morphology ports of BVP excitation
Base Setting | _nitial Value | Domain | Implementation | Description fimgseries ey
e - ) port I
[ oK k] [ Cancel
Fig. 2.12 :Select assigtype and tick [ € ] button Fig. 2.13: assign porty i

3. BVP refractoriness module

Create BVPrefractorinessnodule(Fig. 3.1)in the same way as section 2. All the module dataefollowing. :

¢
x_ ‘) ‘} y
=

BVP refractoriness

Fig. 3.1 : BVP_refractoriness module

[module]
BVP_ refractoriness

Module Type: functionatunit

[port]
11



X_i input port
direction: IN, description: Excitation level of the ipsilateraide
y output port
direction: OUT, physical quantity: y, description: Output refractoriness of this BVP

[physicatquantity]
y
tyep: state
initial -value: ® &,

implementation-type: ode,implementation-definition: AFAd "Qd 'QO'RM? & & F® B use diff(y ,time)

type: staticparameter

implementation-type: ae,implementation-definition: &

type: staticparameter

implementation-type: ae,implementation-definition: & & X v

type: staticparameter

implementation-type: ae,implementation-definition: @& p& v
X_i

type: variableparameter

implementation-type: assignjmplementation-definition: portx_i

12



4. current_pulse_generator_membrane module

In this sectionwe createcurrent_pulse_generator_membrane module (Fig. %hi3. sectiondescribesow to set
unit to physicalquantity and sgthysicatquantityimplementatiorwhosetypeis conditional

- TR

‘ } current

% o

current pulse_generator membrane

Fig. 4.1 : current_pulse_gen&ya module

All datais the following :
[module]
current_pulse_generator_membrane

type: functionatunit

[port]
current

direction: OUT, physical quantity: stimulus currert,
description: The current value changes from an initialuga(parameter: initiaturren) to another value
(parameter: pulse_height) agiven onset time (parametpulse_onsettime) and after the pulse_width return to
the initial value.
[physicalquantity]
initial_current
type: staticparameter
implementation-type: ae,implementation-definition: Q¢ QOO & Qr 0O
pulse_height
type: staticparameter
implementation-type: ae,implementation-definition: 1 6 & TIXXTHK) &
pulse_onset_time
type: staticparameterunit: millisecond
pulse_witdh
type: staticparameterunit: millisecond

implementation-type: ae,implementation-definition: n 6 b Q@O 1 T

13



stimulus_current
type: variableparameter
implementation-type: conditional,
implementation-definition: (if(f 0 & Qi QG DE& OEI A 6 dd Qi VAN 6 a QOO
i 0Qa& @d il QRO QR & Of @ & TIKXRD
else

i 0'Qd @xod il QR QWRLE Q& o

4.1 Makemodule ancedit ports

Createficurrent_pulse_generator_membran®dule andutput porticurrend in the same way as section 2.

4.2 Edit physicatquantity

4.2.1. initial_current pulse_heightpulse_onset_time and pulse_witdh

Createinitial_current pulse_heightpulse_onset_time and pulse_witdithe same way as section 2

pulse_onset_time and pulse_witdave timeunit "millisecond”, select millisecond from the Unit combo §Big.
4.2).

Basic setting Thitial value Domain Implementation

Type: |static-parameter v
Name: |pulse_onset_time
Precision: |double

Unit: |dimensionless v
ampere -
candela |
Max-delay: |degree
dimensionless
farad
eram
Dimen kelvin
kilogram
Sc| meter Matrix
metre
[er Rl millisecond

Fig. 4.2 :Selectunit

14



4.22. Createstimulus _current(use insilico terminal)

In this section, create a physigplantity whose definition type is "conditionalThe implementation is the
following:

,,,,,

i 0 Qa cmoo"’"d ii 'Q"Q&‘I‘)"Q_c‘of)"ﬁdbd( ‘g @ O XL
else

[ 0'Q4 @0d il QRDQWAD & Qdefinition 2

1) Select Definitiontype "conditional”.

2) Select "if" and inputhelconditior) and |definition 1/ to the blankgFig. 4.3).

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

4) Click [Apply] button or [OK] button to updateSML.

Bazic zetting Thitial walue Diamain Implementation Description Problem condition sst
o : — hcluding: Stochastic terms
Definition-type: |conditional W Select =i
Terms with time delay
it w || time<=time && time<=pulze_onzet_time+pulze_width [:] 1 =timuluz_current=initial_current+pulze_height [:][E]
Fig. 4.3: Input thelconditior} and|definition 1]
glze W ' . stimulus_current=initial_current [:] E]

Fig. 4.4: Inpute thedefinition 2

Bind physicatquanity fi s t i nowrdend ® outputportficurrend in the same way as sectiori2g. 4.2).

M Edit Ports 22X
current_pulse_generator_membrane
name direction physical quantity description
current ouT stimulus_current v
shape
initial_current

pulse_height

pulse_onset_time
pulse_wi
stimul

Description

Fig. 4.2 : Bind reference physical quantity
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5. Link port sand Capsulation

In this section]ink ports by functional edgendcapsulate module3.o exchangghysicatquantity valuebetween
modules, users needliok ports byedge Capsulation restricténking edgebetween modules.

5.1 Link ports
Funcitonal edge isinked by dragging the output port to the input pofFig. 5.1) Link x port (BVP_excitation

modulg to x_i port (BVP_refractorinessnodulg andy port (BVP_refractoriness moduléd y_i (BVP_excitation
module)like Fig. 5.2

BVP _excitation

P_refractoriness

lext

BVP _refractoriness

excitation _refractoriness

Fig. 5.2: Two functional edges

Fig.5.1: Link functional edge from portto x_i port

5.2. Capsulation

Capsulatiorof one root modulés completecat Model Editor, butuses need to use insilico terminal topsallate a

number of root modules

5.2.1 Capsulate current_pulse_generator_membnzodule

Capsulateurrent_pulse_generator_membrane moduldiakdorwardingedge

1) Right click thecurrent_pulse_generator_membrane moduld selec{Encapsulafe(Fig. 5.3). The modulewill be
capsulated

2) Createouput porticurrend.

3) Link forwardingedgeby dragging andiropingcurrentport (Fig. 5.4).

16



Edit Module
Edit Module Frame Goordintae. current

Edit Ports...
Edit Physical Quantity.

current_pulse generz  Import SBML model

Edit hol »
iy it capsule_of current_pulse_generator membrane
Expand {}j
Expand All
Collapse
Copy Ctri+G
Paste Ctri+y L
% Delete Del pi current
Remove all descendant modules Shift+Del

e

current pulse_generator_membrane

Fig. 53 : Encapsulate the module Fig. 5.4: Link forwarding edge

5.2.2 CapsulatBVP_excitation and BVRefractorinessnodules

PushCtrl key andclick BVP_excitation and BVP_reforactoriness modutexl select Encapsulate from a

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

g »
Text [
B x i Edit Module
JiDpe Edit Module Frame Coordintae.
8 Edit Ports.

Edit Physical Quantity

N i

VP SraTaToT Import SBML model

Fditmorpllogy. % capsule_of BVP refractoriness

Expand

Expand All
Collapse
Copy Ctr+G lext
Paste Crivy - -

R Delete Del ! s ¥
Remove all descendant modules Shift+Del v

e —|

_excitation _refractoriness

Fig. 55: Encapsulate thievo modules

After capsulatioin, create input port lettd output port x at newdgreated capsule module. Then link lext port to

lext port and x port to x port by forwarding ed§ey. 5.5 is the result

capsule_of BVP refractoriness

lext

yi

_excitation _refractoriness

Fig. 55 : Capsule module dVP_excitation and BVRefractoriness

17



5.3. Link capsulemodules by functional edge

Link two capsule moduteby functional edgeand BVP model isfinisihed (Fig.56). You can simulatéhis model

by insilicoSim.

capsule_of current_pulse_generator membrane capsule_of BVP refractoriness

lext L

P current »x » x:;aEP » v

y.i A‘V

/

current_pulse_generator membrane

_excitation BVP refractoriness

Fig. 56 : BVP modelwith pulse generator
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6. Simulate BVP model ininsilicoSim

Simulate BVP model binsilicoSimin this sections. The proceeding of simulation is the following :

1) Select [File]i [Open] andspecify the file location dBVP model file (kg. 6.1).

M inzilicoSim Window

Help

Exit Cir |+ |

Fig. 6.1 : Open the model

2) Edit each simulation settir{§ig. 6.2.
U Rungekutta andeular method is available insilicoSim.
3) Click [Run] buttonand runthe simulation (Fig. &).

U The result file".csv" will be created in the same direcy with the model file.

M insilicoSim Window — [bvp pulsel
[ Eile Edit Help BEE:

Simulation | Plotting | Log

General Settines | Variable Selection |

Numerical Simulation Method

Numerical Integration Method [Euler v

Simulation Length 100 | [millisecand 1+

Simulation Time Step om| ‘ millisecond v

Data Output

Data Sampling 1 data per |1 < step(s)

Enable the labeled format(dat) []

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 dEipl6t3).

gnuplot graph will be shown (Fig. 6.4).

0 Itis necessarto install gnuplot and setath.
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M insilicoSim Window — [bvp pulsel
(! File Edit Help

[ si i 7‘ Plotting | Log |

Track | Target | Range | Legend |
Fanatelet) to
¥ stimulus_current E
x L i
| AL PR R = L7 T 1
Hpsorss
[ Plot ]
3

Fig. 6.3 : Plotthe result

1B ¢nuplot graph

. h Jﬂ H\ f\ \1 —
| \H [i M ‘\l “
05 | | r} [\_ (
A
] ) | ] |
WS Al {;‘/ Ve
AR

95_1955;’2 %.mﬂﬁnm 20 30 40 a0 B0 70 80 90 100

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

In this sectionwe couple two BVHANnodek by gagunction.Thefinishedmodkl is Fig. 71.

Follow theseprocedures:

1. Opersamplebvp_pulse.ism(Select [File]i [Open] andspecify thefile location)
2. Create gap_juction moduiler.1

3. Create sumtmodulei 7.2

4. Copy BVP modulé 7.3

5. Link modules 7 4

— > g

B> lsum text| J> » «
12|
04
sum %) Ve, _ S /
capsule_of BVP refractoriness
V1]
ve|
, ( - “ \
: . X
gap_junction
current fext } ) X
s + el 00— /
capsule_of current_pulse_generator membrane capsule_of BVP _refractoriness

Fig. 7.1: Two coupled BVP model with pulse_generator

7.1 Createggap junctionmodule

Make new figap_junctiond module

1) Rightclickthe fieldand el ect [ Mak e péopoammenudig.[r.2).f r om

2) Inputfigap_junctiol at Model Name and seleunctionatunitd at Module Typen Module Setting Ealog.
Thenclick [OK] button (Fig. 7.3).

3) gap_junctiormodule is created={g. 7.4).
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. Make Module...

Edit Madel Header.

Paste Cir

Sort

Fig. 7.2: Right click the field andes] ect [ Make Modul e é]

. Module Px
Type
) Gontainer (® Functional-unit Gapsule
Name: [gap junction]
capsule_of current pulse_generator membrane capsule of BVP refractoriness
[+]
D pti
Eap Junction
S ==
Keynord | ]
Gapsulated-by: | ]
Template:
Fig. 7.3 : Inputfigap_junctiod and click [OK] button Fig. 74 : gap_junctiormodule

Create ports

All portsdatais the following :
V1
direction: IN
V_2
direction: IN
1
direction: OUT physical quantity: 1_1
|2
direction: OUT physical quantity: 1_2

1) Right click thegap_junctionrmodule ands e | ect [ Ed i te mdduledadisngefu ThenEdimPottshiblog is
shown(Fig. 7.5).

2) InputV_1data. Doble click the name box and inpi¥ _10 andselect the directiofiiN o (Fig. 7.6).

3) In the same way, inptihe other port informatio. Click [OK] button and thegrts are create(Fig. 7.7).
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M Edit Ports 2K
BVP excitation

name direction physical quantity description
Edit Module...
Edit Module Frame Goordintae..

& gap. Edit Physical Quantity.
Import SBML model.

vi |

vz

Edit morphology >
Expand

Expond Al ——
Collapse |

| Description

Copy CtrlG
Paste Ctri+y

R Delete Del
Remove all descendant modules Shift+Del

Encapsulate

Fig.75:Sekct [ Edit Porsda@] and Edit Port

direction

name

W1 i

Fig. 7.6 : Edit port name and direction

M Edit Ports 23]
£ap_junction
hame direction physical quantity description
11 ouTt
12 ouT
Vi N
V2 N

|
| Description
|

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

Create physicatquantity

All physicakquantity datas the following. :

|1
type: variableparameter

implementationtype: ae implementation-definition: ) p " w¢ @p
| 2

type: variableparameter

implementation-type: ae implementation-definition: )¢ " wp ¢
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v 1

type: variableparameter

implementation-type: assignimplementation-definition: portV_1
V_2

type: variableparameter

implementation-type: assignimplementation-definition: portV_2

type: staticparameter

implementation-type: ag implementation-definition: Q &

Createk

1) Right click the gap_junctiomodule and alect [Edit Physical Quantiéy] f popup menu Edit Physical Quantity
dialog will be shown (Fig.7.8).

2) Atfter click ablark line in thetable,settype fistaticparameted andthe nameko (Fig. 7.9.

3) Click [Implementatioftag to @it implementationSelect the definitiortype fiaed from the combdiox, theninput the
equation fk=0.60 at the bottom text area and pr&sger key(Fig. 7.10Q.

4) After inputall data, clik [Apply] or [OK] button (Fig. 7.13. ISML will be updatedIf you dik [OK] button, Edit
PhysicalQuantity dialog will be closed.

Vi + n

v2 [ Edit Module...

. Edit Module Frame Coordintae.
Edit Ports... Dete
Edit Physical Quantity.

Import SBML model

Edit morphology

Expand
Expand All Unie: [dimensicniess
Gollapse Max-dalay
Coy r [+ =
— ouiov =
R Delete Del - —
Remove all descendant modules Shift+Del s )
Encapsulate
Export 1o fik) Aol ok ][ Gencel |
Fig. 7.8 : Select [Edit Physical Quantity] anddi PhysicaiQuantitydialog
| Base Settine \VIr:ntlaI Value | Domain | Impler ‘Base Setting [ Initial Yalue | Domain | Implen
‘ type: type: E-static—parameter
name: | state name: Ekl I
.. |variable-parameter T
Precision: Frermmsmspp: precision: |double
: | func-expression A : ;
unit: ‘nominal urit: |
dimensio.merphology dimerzion
scalar vector mat zcalar wector matt

Fig 7.9 : Sdecttype fistaticparametey andinput namefiko
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 Base Setting | Initial Value | Domain | Implementation } Description |

nite | @ [& | Doman |
T =% k=06

I

i Base Se@ging !

ALY

func-exprg' sion

‘assign

| eraph = _
‘ conditional v k=08 Il | D

Fig. 710: Selectfiaed and inputdefinition fik=0.60 and pres&nter key

Apply Delete QK Cancel

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

Createv_1

1) Clickablark line in thetable, then setype fivariableparamete andthe namdiv_10.

2) Click [Implementatiohtag. Selectfiassigm at definition type Then, clik lower right] ¢é ] (Figu7tl® ana star
assign dialogSelectv_1 portand [OK] button at thelialog (Fig.713).

3) Click [Apply] button or [OK] button to update ML in Edit PhysicalQuantity dalog.

I Dialog @
port
:'i"?qggligiy ports of gap_junction
Base Setting | Initial Value | Domain | Implementation | Description 1
e port Sl
r— | e |
2
| (V2
e
Fig. 7.12: Click [ € ] button Fig. 7.13: AssignV_1linputport

Createv_2
Create physicafjuantity V_2 in the same way as V Unlike V_1,AssignV_2 input port

Create | 1

1) Edit name and type. Select the typpariableparametey, andinputthe namdil_10 (Fig. 7.14).
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3) Click [Implementatioh tag to elit implementation. 8lect the definitiortype fiaed from the combdiox and input the
equationAl_1=k*(x_2-x_1)0at the bottom text area and pré&sger key (Fig. 715).
4) After inputall data, clik [Apply] or [OK] button (Fig. 7.16). ISML will be updatedIf you dik [OK] button, Edit

PhysicatQuantity dialog will be closed.

" Base Settine | Initial Value | Domain Implen " Base Setting Llnitial Value Domain ! Implemel

|variable-parameter

type: \variable-parameter type:

name: | state narme: li:ll . I

s variable-parameter SO
precision’ [static-parameter precision: |double
‘

| func-expression :
unit: }

unit: nominal
dimensio morpholoey dimension
scalar vector matt scalar vector matrix
Fig 7.14 : Sdecttypefivariableparametay andnamefil_10
; Baze Setting | 7 Thitie ”Bise Setting Thitial Value I ,,P‘?m,a,i,rl _‘Wi;npile?ratagnil Descriptjpn |
. B [ae — B
_ &) | LLl=0
A |
|ode =
\pde |
|dde |
| sde
de
1funt:-exprg' <ion
| assign 3
|eraph L, = ‘
|conditional v [Lizkric2-x 1) I Tl 1

Fig. 715 : Selectfiaed andinputdefinition fil_1=k*(x_2-x_1)0and pres&nter key

Apply Delete QK Cancel

Fig. 7.6 : [Apply] ,[Delete] ,[OK] and[Cancel] button

To output the value of physicgluantityl_1 to the dher module, users need to qubirt] 1.

5) Right click the gap_junctiomodule andseléec [ Edi t ¢P#Br t s é] ( Fi
6) Seletfil_10in the physicalguantity combo boxt |1 line(Fig. 7.17) andclick [OK] button

name direction ph¥sical quantity
11 ouT F; ‘
12 auT E .
e ™

Fig. 7.17 : Setphysical quantity
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Create |12

Create physicajuantity |_2in thesamewayasl_1.

7.2 Creatsummodule

Create sum module in the same wagag_junctionModule data is the following. :

[module]
sum

Module Type: functionatunit

[ports]
|_1input port
direction: IN
|_2input port
direction: IN
Isumoutput port

direction: OUT, physical quantity: Isum

[physicalquantity]

1

type: variableparameter

implementation-type: assignjmplementation-definition: portl_1
| 2

type: variableparameter

implementation-type: assignjmplementation-definition: portl_2
Isum

type: variableparameter

implementation-type: ae,implementation-definition: "0i 6 &) p ).¢

7.3 Copy BVP modu

1) Delete the functional edge between pulse_generator module and BVP modulel@ig. 7.

2) Click the BVP model angressO key on your keybordo create a new output pdfig. 7.19. Then linkforwarding
edge(Fig. 7.20.

3) Right click the BVP moduleandselect [Copy] (Fig. 7.21) andright click the field andseleciPasté (Fig. 7.22).
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Edit Edee..
R Delete Del

S
capsuIe_of_current_pulse_generator_membrane capsule_vof_BVP refractoriness

Fig. 7.18 Delete the functional edge

lext \»

capsule_of BVP refractoriness

BVP refractoriness

excitation

Fig. 7.19 : PressOkey to create a new output port Fig. 7.20: Link forwardingedge

port 2

Edit Module... Make Modu]e_"
Edit Module Frame Coordintae...
Edi( Eovts.... .
capsule_of S:Dz“égm' 5‘;:::"’ Edit Model Header ...
Edit morphology >
. ‘ , Paste b Ctrl+\
Expand Jnie 1 ) vl+L
Expand All -
Collapse
Copy X CtrivG
Paste Ctrl+v
R Delete Del §Ort
Remove all descendant modules Shift+Del
Decapsulste
Fig.7.21: Sele¢ [Copy] Fig. 7.22 : Selet [Paste]at the field

7.4 Link modules

Link modules each othdike Fig. 7.1 These are all edges. :

Isum(sum) to portl¢apsule_of BVP_refractoringss

B

port2 (capsule_of BVP_refractorinessMol (gap_juntion)

B

, port2 (capsule_of BVP_refractorinessl) to V_2 (gap_juntion)
I_1 (gap_junction) to I_1 (sum)
|_2 (gap_junction) to port_Xépsule_of BVP_refractoress 1)

port_1 €apsule_of current_pulse_generator_membrame 2 (sum)
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Appendix. MathML Editor

In this appendixwe enter théollowing equationby MathndML Editor. :
AAO QA 'd” & w2 wzafo8t ©®Q  0R®o

1) Clickrelation: = 2) Selecteft (1, click calculation: d 1/ di1 andinputx, time

Bl MathML Editor FE®X MathML Editor 9=
Close All |B A K[ HONOY Close All E 2 ™ 5

Gontent Markup Elements

(Untitled)

initial-value mmi¥ | Content Markup Elements.

= Token Elements

[ Token Elements

Arithmetic Operators

The user-defined identifier
ogic Operators

Relations The actual numerical constants d
Galeulus And Vector Caloulus

{1 | The differentiation operator A —_— X =

= rithmetic Operators =,
RS- d time

ogic Operators

The differentiation operator: w = Relations
<

v

> = Caleulus And Vector Caleulus
[ Sequences And Series [ Sequences And Series

Elementary Glassical Functions lementary Classical Functions

inear Aleebra

inear Alesbra

Gonstant And Symbol Elements Expression | MathML Text

onstant And Symbol Elements || Expression | MathML Text

3) Selectright [, click operator{+[] and inputlext 4) Select left |, click operator [ 1x [land inputc

[l MathML Editor

Glose All E 2 D K | Q

Gontent Merkup Elements r Wntitled)

= Token Elements

Arithmetic Operators

The positive operator

The addition aperator + I
(m The addition oerator - L2 8 = eXt
ne

Logic Operators

Relations

= Caleulus And Vector Caloulus
= Sequences And Series
Elementary Classical Functions

Linear Algebra

<
= Constant And Symbol Elements Expression | MathML Text

|

5) Selecti ], dick operator: - [ andinputx at left[] 6) Select! ], click operator [ 1+ [ andinputy_i at right(
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