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INTRODUCTION (I)

= Since its release in 2001, several CellML tools and
techniqgues have become available. They are dedi-

cated to:

« Editing (both visual and textual);

= Validation (both CellML and units);

= Sharing and curation (through an online repository);
= Code generation (for external use); and

= Simulation of CellML models.



INTRODUCTION (Il)

AGOS" CESE" CORS JSim“ PCEnv®  PyCml'  VCel®
CellML version 1.0 1.0 1.0 1.0 1.0/1.1 1.0 1.0
editing import import  yes import/ some no import/
export export
validation some some yes some some yes some
units (validation/ no no validation yes some yes no
conversion)
code generation yes no yes no yes" yes no
simulation yes yes yes yes yes no yes
environment | W/L/M W W/L/M  W/L I/W/L/M W/L/M

supported’

*API generator for ODE Solution (AGOS; see http://www.fisiocomp.ufjf.br/).

Cell Electrophysiology Simulation Environment (CESE; sce http://cese.sourceforge.net /).

“Cellular Open Resource (COR; see http://cor.physiol.ox.ac.uk/).
4JSim (see http://www.physiome.org/jsim/).

“Physiome CellML Environment (PCEnv; see http://www.cellml.org/tools/pcenv/).

'PyCml (sce https://chaste.cdiamond.ox.ac.uk/cellml/).
#Virtual Cell (VCell; see http://www.nrcam.uche.edu/).
"Via CCGS (see §3d(i)).

'T, Internet (through a Web interface); W, Microsoft Windows; L, Linux; M, Mac OS X.
Garny et al. CellML and associated tools and techniques. Phil Trans R Soc A 366: 3017-3043 (2008).
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PCENv (I)

PCEnv
XUL Runner SDK (Mozilla framework)

CellML DOM API
snnotols | ccas | cesos | cesos eporr | covas | cis | cuses | wataes | vacss.

Windows Linux Mac OS X
ovgwin | Avtotoos | wsveee 2005 | | autotaos | e | | Avtotaots | g | xcode toas




PCENv (Il)

= Several versions of PCEnv have been released over

the past year. Some key features include:
= PCEnv 0.4: graphical rendering of mathematics, units,
etc., as well as C export of generated code;



PCENv (Il)

= Se

th

® BhysiomesCelIMIBEN ronTments EI@
File Tools Wiew Help Ove r
DEHHKES|
Models o [@] @ Untitled L~ |_|
View | Change tree - | Type Walue Units R R
Name .. Mathematics 12 (-]
® cheng_model 2000 = Equation

<. . Mathematics 13
= Equation

= . Mathematics 14
= Equation

... Mathematics 15

=— Equation
vEtV
AR 0.09314 first_order_rate_constant
b @' mass 0.005 kilogram
b @' F_total newton
b @' time millisecond ||
Equation T f = piecewise(case df eff dt == 0.0 {units="dimensionless"} then T7|

T f1xL*° + T_f2xf env if df eff dt= 0.0

— T f3+T fAxAf

I otherwise

Model ¥ X Type 2!

Model cheng_model_2000 loaded.



PCENv (Il)

= Several versions of PCEnv have been released over

the past year. Some key features include:

= PCEnv 0.4: graphical rendering of mathematics, units,
etc., as well as C export of generated code;

= PCEnv 0.5: visual validator, experimental DAE solver;
and



PCENv (Il)

BhysiomesCellMISEnwir ; =

. Se File Tools Wiew Help
HhgBARALEE|
o (@ e =

t h ‘ Type Value Units !
. i

Pa'L dimensionless =
ba¥v first_order_rate_constant
] - 51 Mathematics 5
= Equation
P =® Af
P=fF0
Pm®F_CE
P =m®F_total
|| PmtL_eff
bmts

b=ty =]
Equation

F\V = piecewise(case V <= 0.0 {units="dimensionless"} then (\;’_ma:|

V_max—V
V_max+(cv0+cvlxL)xV

ifV=0.0
FV =

bv—((av0+av1><L+av2xL2'°)xv) i
TV otherwise

Dismiss

Model cheng_model_2000 loaded.



PCENv (Il)

= Several versions of PCEnv have been released over

the past year. Some key features include:

= PCEnv 0.4: graphical rendering of mathematics, units,
etc., as well as C export of generated code;

= PCEnv 0.5: visual validator, experimental DAE solver;

and
= PCEnv 0.6: export to MATLAB and Python in addition to
C (incl. DAE models), as well as Mac OS X support.



PCENv (Il)

> Physiome CellML Environment
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File Tools View Help
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&= Mathematics
» &= Mathematics
B X
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| i Groups
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» &% environment, C
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» MC X
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&
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Ixn_constants
kd (first_order_rate)
Kd (micromolar)
vi (second_order_rate)
vd (second_order_rate)
C (micromolar)
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PCENV AND COR

= PCEnv and COR: two CellML environments with
similar goals.

* Physiome CellML Environment -[al x| &, COR 0.9 [Editorial Mode] - ..\..\Documents and Settings\Administrator\Desktop)\Models\noble_1962 ve: =10 x|
Fle Tools View Help Fle Edit View Run Tools HE|p|
O SBBRLEES|W Q0 - we e ¥aaly
rhodes ———— || @ B & untitied R £
Vien [change tree =l Type [ value [ units [ =] | - | [ - - ]
Mhame | = @ Version 1 dimensionless il a ] 00 V 48
#hzhang SAN model 2... | ||| g¥ dcel 0 dimensionless m -V-48
@' FCellConstant ~ 1.0309347 dimensionless 15
2@'Vv -38.013558536 millivolt e = ]
=@ R 8314 millijoule_per_maole...
Y e noble_1962,_version05 |
2@ T 310
. e def comp sodium_channel_m_gate as -]
= @'F 96845 coulomb_per_maole var m: dimensionless {init: 0.01, pub: out};
’ var alpha_m: per_second;
= @' CmCentre Ze-5 microF " o
Jid| var b’gtaTq\_.‘ ‘pe_‘r_sercogd_, o
Basncseﬂmgs|Advancedsethngs 32: }:T:nlzif Séégnﬁ if,'ggb'- ;zﬁ’
Starttime point [ 7 (second) o o .
o alpha_m = 100{per_millivolt_second?* (-V-48{millivolt})/(exp((-V-48{millivdit.
eint densityms | 1000 v beta_m = 120 {per_millivolt_second} (N+8 {millivolt})/(exp((V+8 {miTTivolt})/p{i
End fmepont | T (second) s st ode(m, time) = alpha_m* (1l {dimensioniessi-m)-heta_m*m;
e — g (] Tvose v T =l=] enddef;
Agorithm [EoF 25w sahe = ink Selected v/ (millv.. - fime (se... Lines def comp sodium_channel_h_gate as
var h: dimensionless {init; 0.8, pub: out};
var alpha_h: per_second;
var beta_h: per_second;
var v: millivelt {pub. in};
var time: second {pub: in};
alpha_h = 170{per_second}*exp((-V-90/millivolt})/20{miTlivolt}); e
beta_h = 1000{per_second}/(1{dimensioniess }+exp((-V-42{mil1Tivolt})/10{miTliv
odeCh, time) = alpha_h*(1{d7mensioniessi-h)-heta_h*h;
enddef;
Intearation Complete def comp potassium_channel as
T . |var 1_K: nanoA {pub: out}, o
Integration completed. [ 1067 | [tnsert 4




PCENV AND COR

= PCEnv and COR: two CellML environments with
similar goals.

* Physiome CellML Environment -[al x| 0 COR 0.9 [Computational Mode] - ..\..\Documents and Settings \Administrator\Desktop\Models\noble_196 =10 x|
Fle Tools View Help File view Run Tools Help ‘
Py = =
DFBREES @ lggrus-la-lda-&- -
rModels ———— [[gr @ B & | | " Fg =
- Properties Values Units
[changetree =] Type | value | units = T General
Mame = @' Version 1 dimensionless il Duration 1000 ms
4 zhang_SAN_model_2... @ dcel 0 dimensionless Output 1 ms
= Integrator
# @' FCellConstant  1.0309347 dimensionless Integrator CYODE
= @'V -39.013558536 millivolt Maximum tme ctep 0 ms
Maximum number o... 500
=@ R 8314 millijoule_per_mole... Method =oF
2@ T 310 kelvin Tterator Newton
Y lorb ‘ Lingar solver Denss
©eF 96845 coulomb_per_mole Relative tolerance  le-7
= @' CmCentre 2e-5 microF [ Absolute tolerance 1e-%
= [@ membrane
Basic settings | Advanced settings [ [C] em 12 microF
e [S] v -40.3454...  milivolt
Start ti t d
reamepant | o] (eecond) =l [ leakage_current
Point densitymas | 1000 [ [ClEL &0 millivolt
Endtmepont | T (second) ’_% ol 7 mcros
[ [V] i_Leak 1409.827... nanoA
Maximum step size [ T (second) | Model | v | x | Tvpe || B e
. Link Selected  V (milliv... time (se... Lines o P
Algorithm |EDF L5 with solve = V] gk1 486.0177... micros
V] akz 282,4204... microS
V] ik 45187.54... nanoA

= [ potassium_ch...
[ V] alpha_n 1.503653... per_second
[ [V] beta_n 1,086714,.. per_second

r[S]n 0.696603... dimension...
B [ sodium_channel
[ [C] ENa millivolt
[ [V] aNa micres
[~ [€] a_Ma_max microS
V] iMa nanoA

Integration Complete

Zl[simuiation time: 0.029 5

Export CSV

Inteqration completed. [ Vi




PCENV AND COR

= PCEnv and COR: two CellML environments with
similar goals.

* Physiome CellML Environment -[al x| R 0.9 [Editorial Mode] - ..\.\Documents and Settings\Administrator\Desktop\Models\noble_1962 =10 x|
Fle Tools View Help Fle Edit View Run Tools HE|p|
DEFBREES|[@ IR = T
rModes ————— ([gr @ K & [united EENNLY E —
Vien [change tree =l Type [ value [ units =] ] 00[_ !/ _48]
Mame = @' Version 1 dimensionless il a
#hzhang SAN model 2... | ||| g¥ dcel 0 dimensionless m -V-48
= @ FCellConstant ~ 1.0300347 dimensionless 15
2@'Vv -38.013558536 millivolt e = ]
=@ R 8314 millijoule_per_maole...
Y noble_1962_version0s |
1@'T 310 kelvin
. def comp sodium_channel_m_gate as
w@'F 96845 coulomb_per_maole var m: dimensienless {init: 0.01, pub: out};
= @' CmCentre 2e-3 microF var a'\pha_rll: per‘_secom:];
Jid| var beta_m: per_second;
var v: millivolt {pub: in};
B ti e . !
osic setings | Advenced sttings var time: second {pub: inj;
Starttime point [ 7 (second) . i
e alpha_m = 100 {per_millivolt_secon
eint densityms | 1000 beta_m = 120{per_millivolt_seco:
End fmepont | T (second) i ode(m, time) = alpha_m* (1 {d7mw \
Maximum step size | T (second) | Model | ¥ Tx [Tee [ =] enddef;
Link Selected  V/ (milliv... 1l L .
Algorithm [EoF 25w sahe = ink Selected V (millv...fime (ge...  Lines def comp sodium_channel_h_-
var h: dimensionless il
var alpha_h: per_ser
var beta_h: per_s-
var Vi millivol second
var time: SecC oy econd
dimension. .
alpha_h =
beta_h Tan millvolt
Ode(h 325.4368... microS
enddef:
3 max micros
1M A
Integration Complete def-" nanet
Export CSV rtime: 0.029 s
Integration completed, [ — 4




PCENV AND COR

= PCEnv and COR: two CellML environments with si-
milar goals.

" PCEnv’s strength is on running simulations, while
COR’s strength is on editing CellML files.

" The aim is therefore to...

i




PHILOSOPHY

= A three-step process:
= QOrganising;
= Editing; and
= Simulating.
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File Explorer

Models

Fl= Edit wiew Bun Tocls Session Help
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Viewer
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e CREIEEAN ) CellML File #2 | (] CellML File #3

Math|Graph )

Simulation

Parameters

Results

mlnterpretedj Raw
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PHILOSOPHY

* Physiome CellML Environment =18
File Tools View Help
. A tﬁ@BﬁLEEIM
- Modek B I coupledPendulum_version01
Ve [ohange vee ¥ B &g e &l
] Name | Type [ value | Units
ﬁ'CuupledPendqum_\rersiunDl = (._.)" a 1 radian
= @ beeler_reuter_1977 2@ b 1 radian
| @ 13:15:15 2008-10-22 g a_angular_velocity ] rad_per_s
& goldbeter_1991 = @' b_angular_velocity i rad_per_s

| Model K | x | Type | =]

Basic settings | Advanced settings I

Start time point I—U {ms)
End time paint 10000 {ms)

Paint density max 10000, \peints/graph)
Maximum step size I—Dl {ms)

Algorithm  [BDF 1.5 nith solve |

Integration Complete
Export CSV Discard results |

Model goldbeter_1991 loaded.



PHILOSOPHY

*® Physiome CellML Environment ;Iilll
File Tools View Help
. A tﬁ@rﬂ[ﬂLaalm
- Modek CoupledPendulum_version01
Yo Jchange vee [+ B &g e &l
| | Mame | Type | value |_units
ﬁ'CuupledPendqum_\rersiunDl = @" a 1 radian
= @ beeler_reuter_1977 2@ b 1 radian
] @ 13:15:15 2008-10-22 g a_angular_velocity ] rad_per_s
& goldbeter_1991 = @' b_angular_velocity i rad_per_s

| Model |y | x | Type | ®|

Basic settings | Advanced settings |

Enable tabulation control @

Start time point I 0 (ms) Point density may I 10000 {pointsfgraph) Tabulate strictly [
m E End time point | 10000 (ms) Maximum step size | 0.1 (ms) Tabulation interval | 0 (ms)

| Model goldbeter_1991 loaded.




CONCLUSION

= OpenCell = PCEnv + COR.

= The current priority on this integration of COR with PCEnv
is on the editing of CellML files using a COR-like format.

= OpenCell offers inherent support for a wide range of
modelling paradigmes.

= This does, however, require the involvement of modellers,
as well as more people to implement those paradigmes.

www.opencellproject.org
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