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INTRODUCTION

= Editing of CellML files can be done using:

= The initial conditions/constants view;

OpencCell
File View Tools Help
HhSsBHBRBEEER Ja
Models ‘E‘ ® KR %S
View | Change tree N Type Value Units
Name be'a 1 radian
> @ a_angular_velocity 0 rad_per_s
> @ b_angular_velocity 0 rad_per_s

Model CoupledPendulum_version01 loaded.




INTRODUCTION

= Editing of CellML files can be done using:

= The initial conditions/constants view;
= The complete model structure view;

OpencCell
File View Tools Help
HhSsBHBRBEEER Ja
Models CAC IR O
VIeW | changetree v | Type Value Units ®
Name v @ Components

- CoupledPendulum_version01 b " environment

P @° PendulumUpperSe...
b & PendulumLowerSe...
b @° Pendulum
b @° analytic_solution
D & errors

- i Groups
> é& Group

< »¢ Connections
> 8¢ environment, Pen...
> 8¢ environment, anal...
P &% Pendulum, Pendul...
> 8¢ Pendulum, Pendul...
b 8¢ errors, analytic_so...
> &% errors, Pendulum

- @ Units
> @' rad_per_s Derived
b @ rad2 Derived

Model CoupledPendulum_version01 loaded.




INTRODUCTION

= Editing of CellML files can be done using:

The initial conditions/constants view;
The complete model structure view;

The XML view; or

Models

View ‘ Change tree

File View Tools Help

hesBRBEKER|

OpencCell
ALY
b7 <?xml version="1.0"?>

[ Name

- CoupledPendulum_version01

<l--

Version: MPL 1.1/GPL 2.0/LGPL 2.1

*

The contents of this file are subject to the Mozilla Public License
Version 1.1 (the "License"); you may not use this file except in
compliance with the License. You may obtain a copy of the License at
http://www.mozilla.org/MPL/

Software distributed under the License is distributed on an "AS IS" basis,
WITHOUT WARRANTY OF ANY KIND, either express or implied. See the License
for the specific language governing rights and limitations under the
License.

The Original Code is the mozCellML code.

The Initial Developer of the Original Code is

The Bioengineering Institute, University of Auckland.

Portions created by the Initial Developer are Copyright (C) 2004
the Initial Developer. All Rights Reserved.

Contributor(s):
Andrew Miller <ak.miller@auckland.ac.nz> (original developer)

Alternatively, the contents of this file may be used under the terms of
either the GNU General Public License Version 2 or later (the "GPL"), or
the GNU Lesser General Public License Version 2.1 or later (the "LGPL"),
in which case the provisions of the GPL or the LGPL are applicable instead
of those above. If you wish to allow use of your version of this file only
under the terms of either the GPL or the LGPL, and not to allow others to
use your version of this file under the terms of the MPL, indicate your
decision by deleting the provisions above and replace them with the notice
and other provisions required by the GPL or the LGPL. If you do not delete
)

Model CoupledPendulum_version01 loaded.




INTRODUCTION

= Editing of CellML files can be done using:
= The initial conditions/constants view;
= The complete model structure view;
= The XML view; or
= The equations view.

OpencCell =3
File View Tools Help
HhSFsBRBKEE
Models o ® KR % ‘g‘
view ‘W‘  Type ID Parent Component =

Name b %5 Mathematics PendulumUpperSegment
-~ CoupledPendulum_version01 P> %5 Mathematics PendulumLowerSegment

» 1= Mathematics
b %5 Mathematics analytic_solution

b %% Mathematics errors

d(a_angular_velocity)/d(time) = -2.0 {unit: per_s2} * a + b * 1.0 {unit: per_s2};

d(b_angular_velocity)/d(time) = 2.0 {unit: per_s2} * a - 2 {unit: per_s2} * b;

o e 20 _ (19.0)xa + 1.0
time
i gl o) _ oo

dtime

Model CoupledPendulum_version01 loaded.




INTRODUCTION

Editing of CellML files can be done using:

= The initial conditions/constants view;
= The complete model structure view;
= The XML view; or

= The equations view.

However, this may not always be the fastest and/or obvious
way to edit a CellML file.
Another possible approach is the one taken by COR which

J, COR 0.9 [Editorial Mode] - .\.\Documents and Settings\Administrator\Desktop\Models\noble_1962_version05.cellml (=] 3

relies on a proprietary language. &=

noble_162_version05 |

def comp sodium_channel_m_gate as
var m: dimensionless {7nit: 0.01, pub: out};
var alpha_m: per_second;
var beta_m: per_second;
var V: millivolt {pub: in};
var time: second {pub: in};

alpha_m = 100{per_millivolt_second} (-v-48{millivolt})/(exp((-V-48{millivg
beta_m = 120{per_millivolt_second?  (N+8{millivolt})/(exp((V+8 {miTT1ivolt})/|
dgdg(m, time) = alpha_m*(1{dimensioniess}-m)-bheta_m*m;

enddef;

~

—

def comp sodium_channel_h_gate as
var h: dimensionless {7nit: 0.8, pub: out};
var alpha_h: per_second;
var beta_h: per_second;
var V: millivolt {pub: ink;
var time: second {pub: in};

alpha_h = 170{/per_second} exp((-V-90{mi11ivolt})/20{millivolt});

beta_h = 1000{per_second}/(1{dimensionless+exp((-V-42{millivolt})/10{milliv.

dgdﬁ(h, time) = alpha_h*(1{dimensioniess}-h)-beta_h¥*h;
enddef;

def comp potassium_channel as
var i_K: nanoA {pub: out}; &
I — >
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COR-LIKE VIEW IN OPENCELL

<model name="hodgkin_huxley_squid_axon_1952“
cmeta:id="hodgkin_huxley_squid_axon_1952"
xmIns=http://www.cellml.org/cellml/1.0#
xmins:cellml="http://www.cellml.org/cellml/1.0#"
xmlns:cmeta="http://www.cellml.org/metadata/1.0#">

<units name="millisecond">
<unit prefix="mil1li" units="second" />
</units>

<component name="sodium_channel">
<variabTle name="1i_Na" public_interface="out"
units="microA_per_cm2" />

<math xmIns="http://www.w3.0rg/1998/Math/MathML">
<apply id="E_Na_calculation"><eq />
<ci>E_Na</ci>
<apply><plus />
<Ci>E_R</ci>
<cn celIml:units="millivolt">115.0</cn>
</apply>
</apply>
<apply id="i_Na_calculation'><eq />
<ci>i_Na</ci>
<apply><times />
<ci>g_Na</ci>
<apply><power />
<ci>m</ci>
<cn cellml:units="dimensionless">3.0</cn>
</apply>
<ci>h</ci>
<apply><minus />
<ci>V</ci>
<ci>E_Na</ci>
</apply>
</apply>
</apply>
</math>
</component>

</mééé1>

File
|

CellIML DOM API



COR-LIKE VIEW IN OPENCELL

<model name="hodgkin_huxley_squid_axon_1952“
cmeta:id="hodgkin_huxley_squid_axon_1952"
xmIns=http://www.cellml.org/cellml/1.0#
xmins:cellml="http://www.cellml.org/cellml/1.0#"
xmIns:cmeta="http://www.cellml.org/metadata/1.0#">

<units name="millisecond">
<unit prefix="mil1li" units="second" />
</units>

<component name="sodium_channel">
<variabTle name="1i_Na" public_interface="out"
units="microA_per_cm2" />

<math xmIns="http://www.w3.0rg/1998/Math/MathML">
<apply id="E_Na_calculation"><eq />
<ci>E_Na</ci>
<apply><plus />
<Ci>E_R</ci>
<cn celIml:units="millivolt">115.0</cn>
</apply>
</apply>
<apply id="i_Na_calculation'><eq />
<ci>i_Na</ci>
<apply><times />
<ci>g_Na</ci>
<apply><power />
<ci>m</ci>
<cn cellml:units="dimensionless">3.0</cn>
</apply>
<ci>h</ci>
<apply><minus />
<ci>V</ci>
<ci>E_Na</ci>
</apply>
</apply>
</apply>
</math>
</component>

</model>

File
T

CellIML DOM API

|

COR-like view

def model hodgkin_huxTley_squid_axon_1952 as
def unit millisecond from

unit second {pref: “milli”};
enddef;

def comp sodium_channel as
var i_Na: microA_per_cm2 {pub: out};

E_Na

= E_R+115.0{unit: “millivolt”’};
i_Na = g_Na*pow(m, 3.0{unit: “dimensionless”})*h*(v-
E_Na);
enddef;

end&é%;



COR-LIKE VIEW IN OPENCELL

<model name="hodgkin_huxley_squid_axon_1952“
cmeta:id="hodgkin_huxley_squid_axon_1952"
xmIns=http://www.cellml.org/cellml/1.0#
xmins:cellml="http://www.cellml.org/cellml/1.0#"
xmlns:cmeta="http://www.cellml.org/metadata/1.0#">

<units name="millisecond">
<unit prefix="mil1li" units="second" />
</units>

<component name="sodium_channel">
<variabTle name="1i_Na" public_interface="out"
units="microA_per_cm2" />

<math xmIns="http://www.w3.0rg/1998/Math/MathML">
<apply id="E_Na_calculation"><eq />
<ci>E_Na</ci>
<apply><plus />
<Ci>E_R</ci>
<cn celIml:units="millivolt">115.0</cn>
</apply>
</apply>
<apply id="i_Na_calculation'><eq />
<ci>i_Na</ci>
<apply><times />
<ci>g_Na</ci>
<apply><power />
<ci>m</ci>
<cn cellml:units="dimensionless">3.0</cn>
</apply>
<ci>h</ci>
<apply><minus />
<ci>V</ci>
<ci>E_Na</ci>
</apply>
</apply>
</apply>
</math>
</component>

</mééé1>

File
|

CellIML DOM API

COR-like view

def model hodgkin_huxTley_squid_axon_1952 as
def unit millisecond from

unit second {pref: “milli”};
enddef;

def comp sodium_channel as
var i_Na: microA_per_cm2 {pub: out};

E_Na

= E_R+115.0{unit: “millivolt”’};
i_Na = g_Na*pow(m, 3.0{unit: “dimensionless”})*h*(v-
E_Na);
enddef;

end&é%;



REQUIREMENTS

= The proprietary language used in COR and in OpencCell

should, ideally, be the same.

= The order of a CellML file’s contents should be reflected in
the COR-like view.

= The overall behaviour of the COR-like view should be the
same as that of the XML view.




COR-LIKE VIEW IN OPENCELL

-

File View Tools Help

L BRBRKEEB

Models

[t

@'

View ‘ Change tree

Name
- CoupledPendulum_version01

hA ‘

Model CoupledPendulum_version01 loaded.

OpencCell

® %% &

def model CoupledPendulum as

def unit rad_per_s as
unit radian;
unit second {expo: -1};
enddef;

def unit rad2 as
unit radian {expo: 2};
enddef;

def unit per_second as
unit second {expo: -1};
enddef;

def unit per_s2 as
unit second {expo: -2};
enddef;

def comp environment as
var time: second {pub: out};
enddef;

def comp PendulumUpperSegment as
var a: radian {init: 1, pub: out};

var a_angular_velocity: rad_per_s {pub:

var time: second {pub: in};

def math as
d(a)/d(time) =
enddef;
enddef;

a_angular_velocity;

def comp PendulumLowerSegment as

— )

in};




KNOWN DIFFERENCES/LIMITATIONS

* The editor used in the COR-like view is very limited (also
the case for the XML view).

m A vAan A~~~ I AdiarAaAn +hhaAa rNAD lLilbA viiAiis AanAd MND.
i Stim = piecewise (
case time >= 10{1 def group as = 10.5{unit: millisecond}
then type containment;
-20{unit: microA
else e ]
O{unit: microA pi enddef; OpencCell
); v — " OID&VLCQZL
i Stim = sel def group as containment for '
case time >= 10{mil ... lisecond}:
-20{microA per cil enddef; COR i
otherwise: i
O{microA per cm2};

endsel; COR

- T Tttt T/ T/ I I S 4

= Nested piecewise statements are supported;
= @Groups can be of more than one type; and
= Qverall, still far too many unnecessary spaces and parentheses.

= Editing of metadata is not currently supported.



CONCLUSION

= A COR-like view has been added to OpencCell.
= |t will, however, only be available in OpenCell 0.8.

= Further work includes:
= Thorough user testing of the COR-like view;
= ‘Fix’ remaining syntaxical issues (e.g. power rather than pow);
= Support metadata editing (somehow!); and
=  Use a better editor!

www.opencellproject.org
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