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Introduction

This document introduces the “best practice” for marking up models of biochemical reactions in
CdIML, using an extremely simple reaction model as an example. It includes fragments of CellML
taken from a CelIML document in which the model is defined in its entirety. This example shows the ba
sics of pathway model structure in terms of CellML components and connections. It also includes the
mathematics corresponding to the reaction and the associated conservation equations.

Much of the discussion in this document is similar to the analysis of the ssmple electrophysiological
model [../../electrophysiological_modelg/basic_ep models/basic ep_model _doc.html], and readers are
referred to that document as appropriate.

You might find it helpful to refer to afull printout of the CellML document that makes up this example

as you progress through this documentation. The various forms available online are presented in the sec-
tion “Download ThisModel”.

Basic Model Structure

This model defines the single reversible reaction
A+ B<->2C+ D

The conventional rendering (pathway diagram) for the ssmple model is shown in Figure 1. In this ren-
dering the reactants and products are shown as rounded rectangles on opposite ends of bidirectional ar-
rows representing the reaction.
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Figure 1. The conventional rendering (pathway diagram) for the simple reaction model.

In CellML, models are thought of as connected networks of discrete components. These components
may correspond to physiologically separated regions or chemically distinct objects, or may be useful
modelling abstractions. This simple reaction model has five components representing chemically distinct
objects (two reactants, two products and the reaction itself) and one component defined purely for mod-
elling convenience, which stores environment variables such as time. The CellML rendering of the
simple reaction model is shown in Figure 2 (the different shapes in the diagram are explained in the
notation guide [../../../Jintroduction/notation.html]). The component created to store environment vari-
ables is shown in Figure 2 to illustrate how these variables are handled in CellML. However, the en-
vi ronment component is often omitted from the CelML network rendering, as it will always exist,
and it is usually connected to every other component.
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Figure 2. A network diagram for the simple reaction example. The model has a component for each of
the reactants and products, a component for the reaction, and an “abstract” component that is used as a
convenient container for the variable t i me. The variables in the model are shown next to the compon-
ents in which their value may be modified and alongside the connections along which they are passed to
other components (where their value may not be modified). The dotted lines marking the connections
from the envi r onnent component to the other components have no special significance — they are
dotted because they would generally be omitted from the rendering.

Analysis of the XML

The model element and declaration of units

The root <model > element of the CellML document for this simple reaction model is identical to the
corresponding element in the simple electrophysiological model
[../../electrophysiological_models/basic ep_ models/basic ep_model_doc.html], and the set of
<uni t s> elements (with which a set of named unitsis created for use in the model) is extremely simil-
ar to the set defined in the simple electrophysiological model (readers should refer to the analysis of that
model for discussion of these parts of the model).

The environment component

The model consists of six components: one for each of the two reactants and two products, one for the
reaction itself, and one that acts as a convenient container for variables that don't belong anywhere else.
Theenvi ronnent component declares variables that are used by all or most of the other components
in the model. In the case of this simple example model, the only global variable is the independent vari-
able time. In a more complex model, an environment component might be used to define model-wide
constants or concentrations of cofactors that appear in several unrelated reactions. Each envi r onnment

variableis declared withapubl i ¢_i nt er f ace value of " out " and can be mapped to a correspond-
ing variable with a publ i c_i nterface vaue of "i n" in the components where it is used. The
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definition of the envi r onnment component for the example model is given in Figure 3.

<component name=" environment" >

<variable name="time" public_interface="out" units="time" />
</component>
Figure 3. The definition of the envi r onment component. This component is used to declare the inde-
pendent variablet i ne, which is used by the components representing the chemical species in the reac-
tion.
Note that the name envi r onnent has absolutely no special significance, but is simply a human-
readable identifier enabling the modeller to determine the purpose of this component. (We expect that

software would make use of ontology information associated with the component to work out that this
component would not be rendered in the same way as a reactant component, for example).

The reactant/product components

The next four components after the envi r onnment component correspond to the containers for the re-
actants and products and assume the name of the chemical species they contain: A, B, C, and D. The
definition of the component for reactant A is shown in Figure 4. The definitions of the other three com-
ponents are essentially identical.

<component name="A" >
<variable name="A" public_interface="out" units=" concentration_units" />
<variable name="delta A" public_interface="in" units="flux_units" />

<variable name="time" public_interface="in" units=" second" />

<math xmlns=" http://www.w3.0rg/1998/Math/MathML" >
<apply><eq />
<apply><diff />
<bvar><ci> time </ci></bvar>
<ci> A </ci>
</apply>
<ci> delta_A </ci>
</apply>
</math>

</component>

Figure 4. The definition of the reactant A component. The component defines three variables for intern-
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al use, as well defining the equation that governs the concentration of the species A with MathML.

Each reaction species component defines three variables for use internally. The first is the concentration
of the chemical species that the component represents. This variable has the same name as the parent
component (each component in the model and each variable in a component must be named uniquely,
but there is no restriction on a variable having the same name as a component). This variable is declared
with apubl i c_i nterface attribute value of "out ", so its value can be modified in the current
component, and is available to other components that are connected to this one.

The second variable in the A component isdel t a_A, which represents the change in the concentration
of species A as aresult of thereaction. It hasapubl i ¢_i nt er f ace attributevalueof "i n" . Itsvalue
is imported from the basi c_reacti on component, in which it is declared with a pub-
lic_interfacevaueof"out".

Finally, the independent variable t i ne is declared with a publ i c_i nterface value of "i n", al-
lowing it to be imported from the envi r onnment component.

The component also defines the equation that governs the conservation of the species A using MathML
[http://www.w3.0rg/ TR/MathML2/] elements. The equations are contained in a block with a root ele-
ment <mat h>. The <mat h> element includes a default namespace declaration (the x ns attribute),
which overrides the default CellML namespace declaration on the document's <nodel > element to

place the <mat h> element and al of its children in the MathML namespace. The equation states that
therate of change of A with respect totimeisequal todel t a_A.

In a more complicated model, the conservation equation might set the rate of change of a species equal

to the sum of a number of delta variables, where each delta variable represents the change in concentra-
tion of a species due to asingle reaction.

The basic_reaction component

The last <conponent > element defined in the model is the one corresponding to the reaction itself. It
has the name of basi ¢c_r eact i on. The component definition is reproduced in Figure 5. The purpose
of the reaction component is to define the mathematics of the reaction itself. The basi c_reacti on
component calculates delta variables, which represent the changes in the concentrations of the particip-
ating species due to the reaction process. These delta variables are exposed in such a way that they can
be used in conservation equations stored in the species components.
<component hame="basic_reaction" >

<variable name="A" public_interface="in" units=" concentration_units" />

<variable name="B" public_interface="in" units=" concentration_units" />

<variable name="C" public_interface="in" units=" concentration_units" />

<variable name="D" public_interface="in" units=" concentration_units" />

<variable name="delta_ A" public_interface="out" units=" flux_units" />
<variable name="delta B" public_interface="out" units="flux_units" />
<variable name="delta C" public_interface=" out" units="flux_units' />

<variable name="delta_ D" public_interface="out" units="flux_units" />
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<variable name="k_forward" units="2nd order_rate constant" />
<variable name="k_reverse" units="3rd_order_rate constant" />

<variable name="r" units=" flux_units" />

<reaction reversible="yes' >
<variable ref variable=" A" >
<role
role="reactant" direction=""forward"
delta variable="delta A" stoichiometry="1" />
</variable ref>
<variable ref variable="B" >
<role
role="reactant" direction="forward"
delta_variable="delta B" stoichiometry="1" />
</variable ref>
<variable ref variable="C" >
<role
role=" product” direction=""forward"
delta variable="delta C" stoichiometry="2" />
</variable ref>
<variable ref variable="D" >
<role
role=" product” direction="forward"
delta variable="delta D" stoichiometry="1" />
</variable ref>
<variable ref variable="r">

<rolerole="rate" >

<math xmIns=" http://www.w3.0rg/1998/M ath/MathML" >

</math>
</role>
</variable ref>
</reaction>

</component>
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Figure 5. The <conponent > element of the simple reaction model, which contains the definition of
the actual reaction. The mathematics associated with the reaction rate cal cul ation have been omitted.

The basi c_reacti on component defines a number of variables. The first set of variables are those
whose value is imported from another component for use internally: the concentrations of the two react-
ants (A and B) and the two products (C and D). All of these variables are declared with a pub-

lic_interface attribute value of "i n". The second set of variables declared in the reaction com-
ponent are the change in concentration variables, del t a_A,del ta_B,del ta_C,anddel t a_D. The
values of these variables are calculated within the reaction component and exposed to the other compon-
ents in the model, so these variables are declared with a publ i c_i nterface attribute value of
"out". The third set of variables are purely for use internally, and so have no publ i c_i nterface
attribute. The first two of these, k_f or war d and k_r ever se, are the rate constants used in the calcu-
lation of the reaction rate, which is the third variable r . The separate calculation of the reaction rate al-
lows the modeller to make use of the implied mathematics properties of the <r ol e> elements to con-
cisely specify the values of the delta variables.

One of the more specialized elements in the CelIML vocabulary is the <r eact i on> element, which
follows the variable declarationsinside the basi ¢c_r eact i on component. Reaction elements are used
in CellML to provide an easy way of specifying which species (as represented by variables) take part in
areaction and indicating their role in the reaction. Although this information could sometimes be ob-
tained from analysis of a mathematical definition of the reaction behaviour, use of the <r eacti on>
element makes it possible for processing software to easily obtain enough information to produce reac-
tion equations and pathway diagrams for a mode!.

The <r eact i on> element may contain ar ever si bl e attribute to indicate that the reaction defined
may proceed in both directions; in this example, the value is " yes" . In the simple reaction model, the
<reacti on> element contains five <vari abl e_r ef > elements. The first four each reference a spe-
cies variable and the fifth references the variable that is used to calculate the reaction rate. A variable is
referenced using the var i abl e attribute, the value of which must match the name of a variable de-
clared in the current component. Each <var i abl e_r ef > element may contain one or more <r ol e>
elements. Ther ol e attribute of each <r ol e> element declares the way in which the referenced vari-
able participates in the reaction. In this example, species A and B have aroleof " r eact ant ", and spe-
cies Cand D have arole of " product " . Species may also assumeroles of "cat al yst","acti v-
ator","inhibitor",and"nodi fier". Note that a single species (represented by a single vari-
able) may participate within the same reaction in numerous roles, e.g., a reactant may also be an inhibit-
or. Thisis specified by creating more than one <r ol e> element within the same <vari abl e_r ef >
element.

The value of ther ol e attribute specifies the participation of the species when the reaction is proceeding
in the direction specified by the value of the di r ect i on attribute. The di r ect i on attribute may
take valuesof " f or war d", " backwar d", and " bot h" . Itsvalue defaultsto " f or war d" if omitted
(note that the di r ect i on attribute could have been omitted on the role elements in this example). The
fact that the reaction is reversible implies that a species that is a reactant in the forward direction is a
product in the backward direction and that a species that is a product in the forward direction is a react-

ant in the backward direction. No such assumptions are made about species that act in other roles.

Thedel t a_vari abl e attribute on the <r ol e> elementsis used to associate a delta variable with the
principle variable referenced in the parent <vari abl e_r ef > element. The delta variable represents
the change in the concentration of the principle variable due to its involvement in the current reaction. A
del t a_vari abl e attribute may only appear on <r ol e> elements with a r ol e attribute value of
"reactant” or"product", asthese are the only forms of reaction participation where the concen-
tration of the participating species is changed. In the simple example, the variable del t a_A is declared
to be the delta variable associated with variable A.

The st oi chi onet ry attribute on the <r ol e> element defines the stoichiometry of the current vari-
able relative to the other reaction participants. In this example the st oi chi omet ry attributes on each
of the <r ol e> elements allow us to form the chemical expression for the reaction. Different values of
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st oi chi omet ry may be defined on different <r ol e> elements within the same variable reference,
allowing for instance, a species to participate as a reactant with one stoichiometry and as an inhibitor
with another.
When both del t a_vari abl e and st oi chi onet ry attributes are defined on the same <r ol e>
element, it implicitly defines an equation relating the delta variable to the reaction rate.
» Forreactants. del ta_variable = (stoichionmetry)(rate)
e Forproducts: delta_variable = -(stoichionmetry)(rate)
The reaction rate variable is indicated by a<vari abl e_r ef > element containing a <r ol e> element
with ar ol e attribute value of "r at e" — in this example that variable is r . The implied equation
equates the delta variable with the product of the stoichiometry and rate, producing the following equa-
tion:
delta A=107

1

Thisis equivalent to the block of MathML shown in Figure 6.

<math xmlns=" http://www.w3.0rg/1998/Math/MathML" xmlns:cellml|="bob" >
<apply><eq />
<ci> delta_A </ci>
<apply><times/>
<cn cellml:units=" dimensionless' > 1.0 </cn>
<ci>r </ci>
</apply>
</apply>
</math>
Figure 6. The role element with del ta_vari abl e and stoi chi onetry attribute values of
"delta_A" and" 1" respectively implicitly defines the equation above. The rate variable r isthe the
variable referenced with aroleof " r at e” .
If math isto beimplicitly defined using the scheme just described, then the <r eact i on> element must
contain a variable reference which assigns arole of "r at e" to one of the participants. This variable
may participate in the reaction in no other way, and a <r ol e> element with ar ol e attribute value of
"rate" mustnotcontaindi rection,delta_vari abl e, or st oi chi onet ry attributes. It isre-
commended that the equation or system of equations used to calculate the value of the rate variable be

placed inside the <r ol e> element to make it easier for software or readers to find the relevant equa-
tion(s). These mathematics, which were omitted from Figure 5, is shown in Figure 7.

<component name="basic_reaction" xmlns:cellml="bob" >
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<reaction reversible="yes' >

<variable ref variable="r">
<rolerole="rate" >
<math xmIns=" http://www.w3.0rg/1998/M ath/MathML" >
<apply><eq />
<ci>r </ci>
<apply><plus/>
<apply><minus />
<apply><times />
<ci> k_forward </ci>
<ci> A </ci>
<ci> B </ci>
</apply>
</apply>
<apply><times/>
<ci> k_reverse </ci>
<apply><power />
<ci> C </ci>
<cn cellml:units=" dimensionless' > 2.0 </cn>
</apply>
<ci> D </ci>
</apply>
</apply>
</apply>

</math>
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</role>
</variable ref>
</reaction>

</component>

Figure 7. The value of the reaction rate is defined inside a<r ol e> element with ar ol e attribute value
of "rate",insidea<vari abl e_r ef > element that references the variabler .

The possible values of ther ol e attribute are based primarily on the information needed for producing a
pathway diagram representation of the model — further information must be obtained from the mathem-
atics. If the mathematics are omitted, it is possible to define qualitative models using nothing but
<react i on> elements. If a modeller erroneously defines a model in which the information in a
<reacti on> element contradicts the information in the mathematics, the CellIML specification in-
structs processing software to give precedence to the information in the mathematics when running the
model. However, it is left to the application to decide how to handle the rendering of the model. There-
fore, modellers should be very careful when writing or editing CellML documents by hand. It is anticip-
ated that CellML authoring software will contain constraints that prevent modellers from incorporating
inconsistent information in <mat h> and <r eact i on> elements.

To learn more about the reaction element, see Section 7
[../..]..]../public/specification/20010518/reactions.html] of the CellIML specification.

Connections

The simple reaction model contains atotal of eight connections, which define the mappings between the
variables of different components. The definition of the connection between the A species component
and the basi c_r eact i on component is shown in Figure 8. Only one connection may exist between
any two components in the model. Therefore, all variable mappings between these two components are
defined in asingle connection.

Each <connect i on> element must contain a single <map_conponent s> element, which refer-
ences (in any order) two components contained in the current <nodel > element. The variables that are
being mapped between the two components are listed successively in separate <map_vari abl es>
elements. The value of the vari abl e_1 attribute must equal the value of the nane attribute on a
<var i abl e> element contained in the <conponent > referenced by the conponent _1 attribute on
the <map_conponent > element, and the value of the var i abl e_2 attribute must correspond to a
variable in conponent _2. The mappings must conform to the rules laid out in Section 3.2.4
[../..1..]../public/specification/20010518/model _structure.html #sec_structure_connection_element] of the
CelML specification. In this example the value of the variable A is being passed from component A to
the basi c_react i on component, and the value of the variable del t a_ A is being passed in the op-
posite direction.

<connection>
<map_components component_1="A" component_2="basic reaction" >
<map_variablesvariable 1="A" variable 2="A" />
<map_variablesvariable 1="delta A" variable 2="delta A" />
</map_components>

</connection>
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Figure 8. The definition of the connection between the A species component and the ba-
si c_react i on component, with the associated variable mappings.

Since variable names only need to be unique across a component, and not across the entire model, we
can give the input concentration variables in the reaction component the same names as the correspond-
ing output variables in the chemical species components, and the output change in concentration vari-
ables in the reaction component the same names as the corresponding input variables in the chemical
species components. Note, however, that simply giving the variables the same name does not specify
their connection. We must do that explicitly in the <connect i on> elements.

Download This Model

The CelIML description of the model that this documentation discusses is available in a number of
formats. If you have your browser set up to view text files served with the “t ext / xml ” MIME type,
then you can have alook at the XML file directly here[../../../models/basic_reaction_model.xml]. If not,
you can save the target of that link to disk by shift-clicking on the preceding link. A “pretty-printed”
browsable HTML version of the XML file is available here [../../../modelg/basic_reaction_model.html]
— note that you cannot download and save this version for later viewing since it makes use of
stylesheets for formatting. If you wish to save or print out the “pretty-printed” version of the XML, a
PDF version is also available here [../.././modelg/basic_reaction_model.pdf]. Finaly a gzipped tarball
(the Unix equivalent of awinzip file) with this documentation, the raw XML and the pretty-printed PDF
version of the XML isavailable here|[../../../downloads/cellml_basic_reaction_model.tar.gz].

Here are those links again:

* basic_reaction_model.xml [../../../models/basic_reaction_model . xml] — the raw XML.

e basic_reaction_model.html [../.././models/basic_reaction_model.html] — an HTML version for
browsing online.

» basic_reaction_model.pdf [../../../models/basic_reaction_model.pdf] — a PDF version suitable for
printing.

» celml_basic reaction model.tar.gz [../.././downloads/cellml_basic reaction model.tar.gz] — a
gzipped tarball with the XML and this documentation.

* Dbasic_reaction_model_maths.pdf [../../../maths_pdf/basic_reaction_model_maths.pdf] — a PDF of
the equations described in the model generated directly from the CelIML description using the Math-
ML Renderer [../../../../public/toolsindex.html].
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