<?xm version="1.0""?>

<I--

FI LE : basic_ep_nodel . xn
CREATED : 27 Novenber 2000
LAST MODI FI ED : 22nd July 2002

AUTHOR : Varren Hedl ey (w. hedl ey@uckl and. ac. nz)
Department of Engi neering Science
The University of Auckl and

MODEL STATUS : This nodel conforns to the Cell M. 1.0 Specification rel eased on
10t h August 2001, and the 16/01/2002 Cel |l M. Metadata 1.0
Speci ficati on.

DESCRI PTION : This file contains a Cell M. description of an extrenely sinple
el ectro- physi ol ogi cal / menbrane cel l ul ar nodel. The nodel and associ ated
mar kup have been created solely for denonstration purposes.

-->

<l--
The root el enent for our Cell M. nbdel description is <nbdel>. This contains
a "nane" attribute which would be used if the nodel were to be conbined with
another nodel at a later date, or if the nbdel is to be referenced in sone
way by anot her nodel .

Two nanespaces are declared on the root elenent. The first sets the default
nanespace for the <nodel > el ement and all elenents contained within the
<nodel > el enent to the Cell ML nanmespace. The second nanmespace is again the
Cel | ML nanespace, but this tine declared with an explicit "cellm" prefix.
Thi s decl aration has docunment-w de scope, so the "cellnm" prefix nmay be used
anywhere to nmove an elenment or attribute into the Cell M. nanespace.

-->

<nmodel nanme="basic_ep_nodel" xm ns="http://www cellm .org/cellm/1.0#" xmns:cellm="http://\

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" xm ns: bgs="http://ww. cel |
<l--
The foll owi ng RDF bl ock contains netadata that applies to this docunent
as a whole, as indicated by the enpty about attribute on the
<rdf: Descri ption> el enent.
-->
<rdf: Description rdf:about="">
<l--
The Model Builder Metadata. The Dublin Core "creator" elenent is used
to indicate the person who translated the nodel into Cell M
-->
<dc: creator rdf:parseType="Resource">
<vCard: N rdf: parseType="Resour ce" >
<vCard: Fam | y>Hedl ey</vCard: Fam | y>
<vCard: G ven>Warren</vCard: G ven>
</vCard: N>
<vCar d: ORG rdf: parseType="Resource">
<vCard: Orgnane>The University of Auckl and</vCard: O gnane>
<vCard: Orguni t >The Engi neering Sci ence Departnent</vCard: Orgunit>
</ vCard: ORG>



</ dc:creator>

<l--
The Creation Date netadata. This is the date on which the nodel
was translated into Cell ML
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<dcterns: created rdf:parseType="Resource">
<dct er ns: WBCDTF>2000- 11- 20</ dct er ns: WBCDTF>

</ dcterns: created>

<l--
The Last Modified Date netadata. This is the date on which
the nodel was | ast changed.
-->
<cmet a: nodi fication rdf: parseType="Resource">
<rdf:val ue>
Added net adat a.
</ rdf:val ue>
<cmet a: nodi fi er rdf: parseType="Resource">
<vCard: N rdf: parseType="Resour ce" >
<vCard: Fam | y>LI oyd</vCard: Fam | y>
<vCard: G ven>Cat heri ne</vCard: G ven>
<vCard: O her >May</vCard: O her >
</vCard: N>
</cneta: nodi fier>
<dct erns: nodi fi ed rdf: parseType="Resource">
<dct er ms: WBCDTF>2002- 07- 22</ dct er ns: WBCDTF>
</ dcterns: nodi fi ed>
</ cnet a: nodi fi cati on>

<!-- The Publisher netadata. -->
<dc: publ i sher >
The University of Auckl and, Bioengineering Institute
</ dc: publi sher>
</rdf: Description>

<l--
The following netadata refers to the nodel itself, as indicated by the
reference to the ID "basic_ep_nodel", which is declared on the <nodel >
-->
<rdf: Description rdf:about ="#basic_ep_nodel ">
<!-- A human readabl e name for the nodel. -->

<dc:title>A Sinple El ectrophysiol ogi cal Mdel </dc:title>

<!-- A comment regarding the nodel. -->
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>

Below is a Cell M. description of a sinple electrophysiological nodel

The purpose of this descriptionis to illustrate how Cell M. can be
used to nodel ionic currents and changes in ionic concentrations
</rdf:val ue>
<!-- The creator of the conment. -->
<dc: creator>
<vCar d: FN>Cat heri ne LI oyd</vCard: FN>
</dc:creator>
</ cret a: comrent >
</rdf: Description>
</ r df : RDF>

el ener



<l--
The following <units> elenents are used to declare a set of unit nanes
that can be referenced by units attributes on <variable> and <cn> el enents
el sewhere in the nodel. See the exanple docunentation of the sinple
el ectro-physi ol ogi cal nodel for nore details.

-->
<uni ts name="concentration_units">
<unit prefix="mlli" units="nole" />
<unit units="litre" exponent="-1" />
</units>

<units name="flux_units">
<unit units="concentration_units" />
<unit units="second" exponent="-1" />
</units>

<units name="rate_constant">
<unit units="second" exponent="-1" />
</ units>

<l--
The envi ronnment conponent is used to declare variables that are used
by all or nost of the other conponents. Variables nust be declared inside
of a conponent el enent.
-
<conponent nane="environment">
<vari abl e nanme="time" public_interface="out" units="second" />
</ conponent >

<l--
The first conponent to be defined in this sinple nodel is the intra-
cellular conmpartment. This defines the intra-cellular concentrations of
sodi um and cal ciumions, and defines their behaviour in terns of the fluxes
across the nenbrane.

-->

<conponent nane="intra_cel |l ul ar_space">
<l-- the follow ng vari ables are used in other conponents -->

<vari abl e name="Na" public_interface="out" units="concentration_units" />
<vari abl e name="Ca" public_interface="out" units="concentration_units" />

<l-- the follow ng variables are inported from other conponents -->
<vari abl e nane="tinme" public_interface="in" units="second" />

<vari abl e nane="1_Na" public_interface="in" units="flux_units" />
<vari abl e nane="1_Ca" public_interface="in" units="flux_units" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<apply><di ff />
<bvar ><ci > time </ci></bvar>
<ci> Na </ci>

</ appl y>
<ci>1_Na </ci>
</ appl y>

<appl y><eq />



<appl y><di ff />
<bvar><ci > tine </ci></bvar>
<ci> Ca </ci>
</ appl y>
<ci> |_Ca </ci>
</ appl y>
</ mat h>
</ conponent >

<l--
The second conponent corresponds to the extra-cellul ar space. The vari abl es
and equations are the sane as for the intra-cellular conpartnent.

-->

<conponent nane="extra_cel | ul ar_space" >
<l-- the follow ng vari ables are used in other conponents -->
<vari abl e name="Na" public_interface="out" units="concentration_units" />
<vari abl e name="Ca" public_interface="out" units="concentration_units" />

<l-- the follow ng variables are inported from other conponents -->
<vari abl e nane="tinme" public_interface="in" units="second" />

<vari abl e name="1_Na" public_interface="in" units="flux_units" />
<vari abl e name="1_Ca" public_interface="in" units="flux_units" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<appl y><eq />
<appl y><di ff />
<bvar ><ci > tine </ci></bvar>
<ci> Na </ci>
</ appl y>
<appl y><tines />
<cn cellm:units="di nensionless"> -1.0 </cn>
<ci> | _Na </ci>
</ appl y>
</ appl y>

<appl y><eq />
<appl y><di ff />
<bvar ><ci > tine </ci></bvar>
<ci> Ca </ci>
</ appl y>
<appl y><tines />
<cn cellm:units="di nensionless"> -1.0 </cn>
<ci>|I|_Ca </ci>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<l--
The nenbrane conponent defines the fluxes across the nmenbrane in terns of
the intra- and extra-cellular ion concentrations and sone rate constants.
-
<conponent namne="cel | _menbr ane">
<l-- the follow ng variables are used in other conponents -->
<vari abl e nane="1_Na" public_interface="out" units="flux_units" />
<vari abl e nane="1_Ca" public_interface="out" units="flux_units" />



<l-- the follow ng variables are inported from other conponents -->

<variable name="Na_i" public_interface="in" units="concentration_units" />
<vari abl e nane="Na_e" public_interface="in" units="concentration_units" />
<vari abl e nane="Ca_i" public_interface="in" units="concentration_units" />

<vari abl e nane="Ca_e" public_interface="in" units="concentration_units" />

<l-- the follow ng variables are only used internally -->
<variabl e name="v_Na" initial_value="1.0e-8" units="rate_constant" />
<vari abl e nane="v_Ca" initial_value="1.5e-8" units="rate_constant" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<ci> 1 _Na </ci>
<appl y><tines />
<ci> v_Na </ci>
<appl y><m nus />
<ci> Nali </ci>
<ci > Na_e </ci>
</ appl y>
</ appl y>
</ appl y>

<appl y><eq />
<ci>1_Ca </ci>
<appl y><tines />
<ci> v_Ca </ci>
<appl! y><m nus />
<ci> Ca. </ci>
<ci> Ca.e </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<l--
Both the intra- and extra-cellular conponents are sinply connected to the
nmenbrane, and the ion concentrations and fluxes are passed back and forth
as appropriate.
-->
<connecti on>
<map_conponents conponent _1="intra_cellul ar_space" conponent_ 2="cel | nenbrane" />

<map_vari abl es variable_1="Na" variable 2="Na_i" />
<map_vari abl es variable_1="Ca" variable 2="Ca_i" />
<map_vari abl es variable_1="1_Na" variable_2="1_Na" />
<map_vari abl es variable_1="1_Ca" variable_2="1_Ca" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="extra_cel |l ul ar _space" conponent_ 2="cel |l nenbrane" />
<map_vari abl es variabl e_1="Na" variable_2="Na_e" />
<map_vari abl es variable_1="Ca" variable_2="Ca_e" />
<map_vari abl es variable_1="1_Na" variable_2="1_Na" />
<map_vari abl es variable_1="1_Ca" variable_2="1_Ca" />
</ connecti on>



<l--
The foll owi ng connections explicitly pass the variable "tine" between the
"gl obal _vari abl es" conponent and the intra- and extra-cellular conponents,
where it is used.

-

<connecti on>
<map_conponents conponent _1="environnent" conponent_2="intra_cel |l ul ar_space"
<map_vari abl es variable_1="time" variable_2="tinme" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="environnent" conponent 2="extra_cel | ul ar_space"
<map_vari abl es variable_1="tinme" variable_2="tinme" />

</ connecti on>

</ nodel >

/>

/>



