http://www.cellml.org/public/specification/20010518/errata.pdf 1

18 May 2001 CellML 1.0 Specification Errata

1 Introduction

This document records known errors in the 18 May 2001 Final Draft of the CellIML 1.0 specification, which
is available at the following URI:

http://www.cellml.org/public/specification/20010518/cellml_specification.html

The errors listed below have been fixed in the developer’s “unstable” version of the CelIML 1.0 specifi-
cation, which is available at the following URI:

http://www.cellml.org/private/unstable_cellml_spec/cellml_specification.html

The latest stable version of the CellML 1.0 specification is available at the following URI:

http://www.cellml.org/public/specification/index.html

2 Known Errors

2.1 Known errorsasof 10 August 2001

e Specification Wide?!

— The description of how metadata content is to be included within CellML elements needs to
be changed document-wide from “metadata framework elements, as described in Section 8” to
“<RDF> elements in the RDF namespace”.

— Where a CellML element may only contain metadata content, the “which may appear in any
order” clause should be removed from the contentm model rule.

e Section 1.2: Structure of the CelIML Specification?

— The description of the Mathematics section should be changed to “This section describes how
mathematical expressions are defined in CellML documents using MathML, and defines the
CellML subset of MathML elements.”

— The last sentence, regarding the list of changes, should be removed from the description of the
Appendices.

e Section 2.3: Examples®

— In the cpation for Figure 2, “electro-physiological” shouldn’t be hyphenated.

— In Figure 3, the order of the namespace declarations on the <nodel > element should be
changed so that cel | m appears before app.

— In the caption for Figure 3, the word “URI” should be added to the second sentence, giving:
“The extension namespace URI was invented for demonstration purposes only.”

http://www.cellml.org/public/specification/20010518/cellml specification.html
2http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_intro_spec _structure
3http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_fundamentals_examples
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e Section 3.2.2: Definition of components*

— In the second sentence of the first paragraph, “electro-physiological” shouldn’t be hyphenated.

e Section 3.2.3: Definition of variables®

— In the first sentence of the paragraph after the bulleted list, “set” should be changed to “sets”,
giving: “... so the value of the i ni ti al _val ue attribute sets the starting condition for a
simulation ...”

e Section 3.2.4: Definition of connections®

— In paragraph two, the fourth sentence (“It is not necessary ...”) should be removed. The “How-
ever” at the start of the fifth sentence should be removed, giving: “The interface attributes ...”

— The sentence deleted from paragraph two should be added to paragraph five, along with the
clause “although this will typically be the case”, giving: “It is not necessary for the variables
that are to be mapped to each other to have the same name, although this will typically be the
case.”

e Section 3.3: Examples’

— In the first sentence, “encoding” should be changed to “description”, giving: “Figure 4 contains
a portion of the CellML description of the Hodgkin-Huxley squid axon model ...”

— In the second sentence of the second paragraph, the word “belons” is not a new term, so should
not be emphasised. It should remain in double quotes however, giving: “Ithasapubl i ci nterface
attribute value of " out ", which indicates that the variable “belongs” to this component ...”

— In Figure 4, the <pl us> element in the MathML block should actually be a <m nus> element.

— In Figure 4, the value of the i d attribute on the first <appl y> element in the MathML block
should be " menbr ane_vol t age di ff _eq".

— In the caption for Figure 4, “definition” should be changed to “description”, giving: “A small
portion of the CelIML description of the Hodgkin-Huxley squid axon model ...”

— In paragraph four, the third sentence “The full set of equations ...” should be removed. In the
latest version of the Hodgkin-Huxley model, the equation in the example is the only equation in
the membrane component.

— In Equation (1), the numerator on the RHS should have a minus sign in front.

e Section 3.4.1: The <nodel > element®

— In the first rule, the ordering of the list of the elements in the CellML namespace that are valid
children should be changed to “<uni t s>, <conponent >, <gr oup>, and <connect i on>
elements”

— In the explanation for the first rule, “Recommended practice” should be changed to “The rec-
ommended best practice”.

“http://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_component element
Shttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_variable _element
Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec_structure_connection_element
"http://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_examples
8http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_structure_spec_rules_model _element
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e Section 3.4.2: The <conponent > element®

— In the explanation for the first rule, “Recommended practice” should be changed to “The rec-
ommended best practice”.

e Section 3.5.1: Mapping of variables®®

— The text of this section defined the semantics of the <connect i on>, <map_conponent s>
and <map_vari abl es> elements. Element semantics have already been defined in the dis-
cussion section, and should not be defined in the processor behaviour section. This section can
be used to introduce the topic of units conversion however, with the following text: “For interop-
erability, CellML processing software should take into account the units definitions referenced
by any two variables that are mapped together. If the units references are not equivalent, as
defined in Appendix C.2.1, then a conversion may be required. An algorithm for performing
this conversion is proposed in Appendix C.3.5.”

Section 4.2.1: Definition of mathematics!!

— Inthe second sentence, “A <mat hnl : nmat h>element...” should be changed to read “<mat hni :

elements ...”

Section 4.2.2: MathML’s presentation and content markup elements*?

— The third sentence in the second paragraph should be re-arranged for clarity, giving: “There is
one exception: model authors may associate rendering information with a particular expression
by placing MathML presentation markup elements inside a <mat hni : annot at i on- xmi >
element.”

Section 4.2.7: Definition of scripts®®

— In the last bullet point, all instances of the word “should” should be replaced with the word
“must”, giving: “Functions must be side-effect free. That is, a function must not assign values
to variables that are not local to that function. In particular, functions must not alter the values
of their arguments or global variables.”

Section 4.5.3: Treatment of annotations*

— The first and second sentences should be switched to give better right-margin justification in the
PDF version.

Section 5.2.2: User defined units®®

— In the first sentence of the last paragraph, “The of f set attribute ...” should be changed to “An
of f set attribute ...”

Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_spec_rules_component_element
BOhttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_behaviour rules_mapping
Uhttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math_bs_definition_of mathematics
Lhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec presentation vs_content
Bhttp://iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _scripting
Yhttp:/lwww.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _rules_treatment_of__annotations
Bhttp://iwww.cellml.org/public/specification/20010518/cellml specification.html#sec units_user_defined _units

mat h

-
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ection 7.2: Basic Structurel®

— In the sixth sentence of paragraph three, “must only” should be changed to “may”, giving: “The
optional di r ect i on attribute may be used on <r ol e> elements in reversible reactions.”

Section 7.4.3.1: Allowed use of the <r ol e> element?’

— In the second bullet, “del t a_vari abl e” and “di r ecti on” should be switched to give
better right-margin justification in the PDF version.

Section 7.4.3.3: Proper use of the r ol e attribute®®

— The wording of the first rule should be re-arranged to give: “A <r eact i on> element must
contain no more than one <vari abl e_r ef > element with a <r ol e> element with a r ol e

attribute with a value of "r at e" .
— In the third rule, the comma after “del t a_var i abl e” should be removed.

Section 7.4.3.5: Proper use of the di r ect i on attribute®®

— The wording of the first rule is confusing and should be changed to: “A di r ect i on attribute
on a <r ol e> element that is inside a <r eact i on> element with a r ever si bl e attribute
value of " no" must have a value of " f or war d" .”

— The second rule should start with “A di r ect i on attribute ...”, not “The di r ect i on attribute

e Section 7.4.3.8: Proper use of the del t a_var i abl e attribute?

— Thefirst rule should start with “A del t a_var i abl e attribute...”, not“The del t a_vari abl e
attribute ...”

— The last sentence of the explanation for the second rule should be re-arranged to give better right-
margin justification in the PDF version, giving: “If the st oi chi onet r y attribute is absent,
the relationship between the variable assigned the role of "r at e” and the variable named in
the del t a_var i abl e attribute must be defined using MathML.”

e Section 7.5.5: Math implied by the del t a.vari abl e and st oi chi onet ry attributes®

— In the first paragraph, a clause should be added explaining the expected value of the rate variable,
giving: “The use of the del t a_vari abl e and st oi chi onet ry attributes on a <r ol e>
element implies the following mathematical relationship between the declared delta variable
and the rate variable (where the variable representing the reaction rate will have a negative value
when the reaction is proceeding in the forward direction)”.

— In the second sentence of the last paragraph, “cannot” should be replaced with “must not”,
giving: “Therefore, a modeller must not declare ...”

Bhttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn basic structure
http://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec_rules_role_element
Bhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec_rules_role_element
Bhttp://iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn_spec_rules role element
Dnttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn_spec_rules_role element
2Ihttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _rxn_implied_math
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e Section 7.5.6: Meaning of mathematics in reactions?®?

— The following sentence should be added to the first bullet describing reaction rate: “Conven-
tionally, the variable representing the reaction rate will have a negative value when the reaction
is proceeding in the forward direction.”

e Appendix A.6: The CellML 1.0 DTD?

— The content models for the <connect i on> and <gr oup> elements indicate an ordering of
sub-elements, where the specification specifically states that they may appear in any order. These
should be changed to:

<! ELEMENT connection (nap_conponents | nap_vari abl es) +>
<! ELEMENT group (rel ationship_ref | conponent_ref)+>

o Appendix C.3.2: Units-based restrictions on the use of MathML operators®*

— The “Note that” should be removed from the start of the second sentence in the second paragraph
to give better right-margin justification in the PDF version.

2.2 Known errorsasof 2 August 2001
e Appendix A.6: The CellML 1.0 DTD?®

— In the header comment of the CellML 1.0 DTD, the line starting “PUBLI C | DENTI FI ER”
should be removed, and the line starting “COPYRI GHT” be changed to “COPYRI GHT : (2001)
Bi oengi neeri ng Research Group, University of Auckl and”. Thecomment
and URI folloiwing “DESCRI PTI ON” should be changed to reflect the “10 August 2001 Speci-
fication for CelIML 1.0, available at “http://www.cellml.org/public/specification/20010810/index.html”.

— Inthe CellML 1.0 DTD, the “mat him _dt d_pat h” entity should be changed to the online URI
for the MathML 2.0 DTD, so that it need not be reset by users of the CellML 1.0 DTD. This
gives:

<IENTITY % mat hml _dtd_path
""http://ww. w3. org/ TR/ Mat hML2/ dt d/ mat hmd 2. dt d’ " >

— Inthe CellML 1.0 DTD, the attribute list for the units element is wrong. The base_units attribute
should be added, giving:

<! ATTLI ST units
%el |l M _comon_attributes;
nane CDATA #REQUI RED
base units (yes| no) #| MPLI ED
>

— In the CellIML 1.0 DTD, the content model for the <vari abl e_r ef > element is wrong.
<mat h> elements may not be placed inside <var i abl e_r ef > elements, and this should be
removed from the content model, giving:

<!l ELEMENT vari able_ref (role+)>

Zhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_use_of_math
Znttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _cellml -1 0 _dtd
2nttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _units_rules_restrictions_on the _use_of_mathml_ope
Znttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _cellml _1_0 _dtd
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e Appendix A.4: Use of MathML within CellIML?®

— By changing the value of the “rmat hm _dt d_pat h” entity to point directly to the MathML 2.0
DTD (see below) we need to expand the first paragraph to include an example demonstrating
how the MathML 2.0 DTD can be referenced on the W3C website, as follows:

The CellML 1.0 DTD can be used in conjunction with the MathML 2.0 DTD? to
validate any MathML content within a CellML document. The CellIML DTD contains
a reference to the MathML 2.0 DTD, which is maintained at the World Wide Web
Consortium’s website?®, inside a conditional section, which by default is not included
in the CellIML DTD. CelIML document authors may cause the conditional section to be
included by setting the value of the “use_mat hm _dt d” entity to “I NCLUDE” inside
the internal subset of their CellML document, as shown below:

<! DOCTYPE nodel SYSTEM "http://ww.cellnm .org/cellm/cellm 1 0.dtd" |
<IENTITY % use_mathm _dtd " | NCLUDE" >
1>

If copies of both the CellIML 1.0 DTD and the MathML 2.0 DTD are available on the
local filesystem, it is possible to conveniently override the reference to the MathML
2.0 DTD by setting the value of the “mat him _dt d_pat h” entity to the appropriate
relative path from the CellML DTD to the MathML DTD, as shown below:

<! DOCTYPE nodel SYSTEM "/ ny/ | ocal/copy/of/the/cellm 1 0.dtd" [
<IENTITY % mat hml _dtd_path "'relative/path/to/ mathm 2.dtd" ">
<IENTITY % use_nat hnml _dtd "I NCLUDE" >

1>

2.3 Known errorsasof 1 August 2001

e Section 1.2: Structure of the CellML Specification?®

— At the end of this section, the statement about all elements being in the CellML namespace
unless otherwise stated from Section 3.2.1 should be inserted. This sentence should read:
“Throughout the CellML specification, all XML elements and attributes that occur in the text
are in the CellML namespace unless explicitly stated otherwise.”

e Section 2.1: Introduction®°

— There is a superfluous comma in the first sentence of this ection. The sentence should read: “This
section of the CellML specification introduces some concepts that are used throughout the entire
language and defines rules that apply to all or many of the other parts of the specification.”

e Section 2.2.1 Definition of a valid CellML identifier3!

Znttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec dtd _use _of_mathml
2Thttp://www.w3.0rg/TR/MathML 2/dtd/mathml2.dtd

2http://www.w3.org/
nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_intro_spec structure
Onttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_introduction
SIhttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_basic _structure
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— Inthe second paragraph, the third and fourth sentences both contain superfluous commas. Those
sentences should read: “For this reason CellML identifiers must consist of only alphanumeric
characters and the underscore character (*_”), and are subject to some additional constraints
outlined below. These names will generally not be the most effective way of identifying the
object to humans working with CellML models as it is not possible to include whitespace or

formatting.”

— The last paragraph should be removed as it might be misinterpreted to mean that if the definition
of SBML changes, the definition of CellML would change.

e Section 2.2.2: Namespaces in CellML*

— In the third paragraph, the fourth sentence contains a superfluous comma and should read:
“MathML is particularly important to CellML because content in this namespace is considered
as fundamental as content in the CellML namespace.”

— In the third paragraph, the fifth sentence has two superfluous commas and needs to specifically
state that it is an i d attribute that links metadata to a CellIML object. It should read: “Metadata
is defined using elements in the RDF namespace and linked to CellML elements using an i d
attribute in the CellML Metadata namespace as described in Section 8.”

e Section 2.2.3: Extending CellIML documents®

— In the first paragraph, the last sentence has a superfluous comma, and should read: “Extension
elements and extension attributes may appear anywhere in a CellML document as long as the
result is well-formed XML.”

— In the second paragraph, no comma is needed in the first sentence after “For interoperability”.
The complete sentence should read: “For interoperability CellML processing software should
respect the extension elements and attributes of other applications.”

— In the second paragraph, adding the word “then” before the second “application B” makes the
sentence read easier. The complete sentence should read: “If a model is created in application
A, which adds its own extension elements, and is subsequently edited in application B, then
application B should attempt to include application A’s extension elements in its output, even if
these extension elements are now invalid.”

e Section 2.3: Examples®

— In the second paragraph, the second sentence should read “The root element sets the default
namespace to the CellML namespace URI and explicitly maps the CellIML namespace URI to
thecel | m prefix.”

— InFigure 3, the namespace URI mapped to the app prefix should be changedto " ht t p: / / www. physi
A namespace URI inthe " sof t war e. coni’ domain is probably not a good idea.

e Section 2.5.3: Treatment of extension namespaces®

— In the first rule, the second sentence of the explanation has a superfluous comma and should
read: “Polite software should attempt to store non-CellML data so that it can write it out again
when it exports the document.”

Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec _fundamentals_namespaces
Snttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_extending cellml
S4nttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_examples
SShttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_processor rules_extension_namespa
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e Section 3.2.1: Definition of a model3¢

— In the first paragraph, the second sentence, which deals with all elements being in the CellIML
namespace unless stated otherwise, should be moved into the introduction, as it actually applies
for the entire document, and not just this section.

e Section 3.2.3: Definition of variables®’

— In the first paragraph, the words “investigate” and “biological” should be substituted in place of
“simulate” and “physiological”, respectively, giving: “Models are usually developed to investi-
gate the behaviour of a number of variables that have biological significance.”

— The bullet point relating to the i ni t i al _val ue attribute should be changed to read:

x i nitial val ue — This attribute provides a convenient means for specifying the value
of a scalar real variable when all independent variables in the model have a value of 0.0.
Independent variables are those with respect to which another variable is differentiated or
integrated.

— Immediately after the bulleted list, the following paragraph explaining the i ni ti al _val ue
attribute in more detail should be added:

The name of the i ni ti al -val ue attribute derives from the fact that, in a model
with only one independent variable, this would generally correspond to time, and so
the value of the i ni t i al _val ue attribute set the starting condition for a simulation
which progressed from time equals 0.0. The initial values of variables need not be
set in the model definition at all. When multiple simulations are to be run using the
same model, initial and boundary conditions are most conveniently set in an external
simulation configuration file loaded separately by CelIML processing software.

— In the last paragraph, the word “singular” in the last sentence should be changed to read “scalar
real”, giving: “At the present time, all variables must have scalar real values.”

e Section 3.2.4: Definition of connections3®

— In the first paragraph, the second, third, and fourth sentences should be run together into the
following sentence: “The mapping of variables involves the transfer of a variable’s value from
one component to another, a process which may involve a conversion to ensure the units match.”

e Section 3.3: Examples®

— In Figure 4 the following comment regarding units definitions should be added before the first
<conponent > element: “Units definitions which could be referenced from the <var i abl e>
elements would typically be inserted here. Units are discussed in Section 5.”

— As Figure 4 is now quite long, the last sentence (“See the text for more information”) should be
removed from the caption.

e Section 4.1: Introduction®

3http://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_model _element
$http://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure variable_element
#nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_connection_element
nttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_examples
“Onttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _introduction
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— Inthe first paragraph, specifying should be specify in the first sentence, giving: “CellML allows
modellers to unambiguously specify the underlying mathematics of a cellular model.”

— Inthe first sentence, a “2.0” should be added after “Mathematical Markup Language” in the first
sentence.

— In the second paragraph, the full history of MathML should be omitted, as too much mention of
MathML 1.0 is likely to confuse people. Only the first and last sentences need be retained.

e Section 4.2.4: Ordering of expressions*

— The first draft of this paragraph has been judged long-winded and innaccurate, and should be
changed to the following:

The mathematics in a model defined using CellML 1.0 consist of a static system of
expressions, which are distributed over a network of components. CellML does not
define the order of evaluation of equations, as this is simulation information rather than
model information.

e Section 4.2.5: Scope of expressions*

— An introductory section should be added after Section 4.2.4 entitled “Scope of expressions” with
the following content:

Within a CellML model, all expressions are assumed to have unlimited scope with re-
spect to the independent variables unless explicitly stated using MathML’s <pi ecewi se>
construct or some other form of conditional expression. This means that if the initial
conditions for a variable, the value of which is determined by a differential equation,

are to be specified using an equality, the two equations should have their scope limited

so that they do not contradict each other.

e Section 4.5.1: Ordering of expressions™®

— The second sentence should be removed from this section, as it hints at a particular implemen-
tation.

e Section 4.5.2: Scope of expressions*

— A new CellML processing software rule needs to be added after Section 4.5.1 entitled “Scope
of expressions” with the following content:

CellML processing software must make no assumptions about the scope or domain
of a mathematical expression defined within a model. Unless explicitly stated, all
expressions hold for any and all combinations of independent variables.

e Section 5.2.2: User defined units®

— In Table 3 the symbol columns (the 3rd and 6th columns) should be removed as they don’t add
anything and most likely to confuse people into thinking they can use the symbols listed in place
of the full prefix. The last sentence of the caption, which discusses the symbol columns, should
also be removed.

Ahttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math_cellml _subset
4http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math_cellml _subset
Snttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _rules_order_of calculations
#nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _rules_order_of calculations
Snttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _units_user_defined _units
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e Section 6.1: Introduction?

— A sentence should be added to the end of the first paragraph to indicate that CellML’s grouping
mechanism can be used for non-hierarchical grouping. Something like: “This grouping scheme
is general enough that it can be used within CellML documents to specify non-hierarchical
grouping relationships between components.”

— Inthe second paragraph, the last sentence incorrectly states that “a component must only appear
once within a given hierarchy”. This should be changed to read: “a component must only appear
once within a set of hierarchies of a given type ...”.

— In the second paragraph, the following sentence should be appended to ease the transition to the
third paragraph: “CellML defines two types of relationship for use within the grouping scheme:
encapsulation and containment.”

— In the last paragraph, the word “anonymous” should be used in place of “imaginary”.

Section 6.2.1: Definition of groups*’

— In the last paragraph, the phrase “not be useful” is too vague and should be replaced with “be
an error”, giving: “... it would generally be an error for an encapsulating component to be
physically inside one of its encapsulated child components.”

Section 6.2.2: The encapsulation relationship type®

— In the second paragraph, the word “anonymous” should be used in place of “imaginary”.

— In the body and caption of Table 4, the word “anonymous” should be used in place of “imagi-
nary”.

Section 6.2.3: The containment relationship type®

— In the last sentence, “restrict” should be replaced with “influence”, giving: “Containment rela-
tionships do not influence any aspect of model definition or behaviour.”

e Section 6.4.2.1: Allowed use of the <r el at i onshi p.r ef > element®

— In the second sentence of the explanation after the second rule, the unclear antecedent “this”
should be changed to “This restriction has been included to”, giving: “This restriction has been
included to prevent conflicts with future versions of the CellML specification ...”

Section 7.1: Introduction®?

— In the third sentence, “It will always be” should be replaced with “It is”, giving: “It is possible
to specify a model purely in terms of mathematics, ...”

— In the fourth sentence, “in reducing” should be changed to “when reducing”, giving: “... infor-
mation is lost when reducing the model to pure mathematics.”

4http://www.cellml.org/public/specification/20010518/cellml specification.html#sec grouping_introduction
4http://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_grouping _bs_syntax
®nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_grouping _bs_encapsulation
“nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_grouping _bs_containment
SOnttp:/iwvww.cellml.org/public/specification/20010518/cellml specification.html#sec _grouping spec rules relationship ref_element
Sthttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn _introduction
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— The second sentence should be split into tow, and the unnecessary word “rather” removed, giv-
ing: “Therefore, its basic structure is general. Models are primarily specified by explicitly
defining mathematics using MathML.”

Section 7.1.2: Qualitative vs. quantitative pathway models®?

— The title of this section should be changed to “Qualitative and quantitative pathway models” —
this isn’t a competition.

e Section 7.4.3.2: Allowed values of the r ol e attribute>

— In the second sentence of the " cat al yst " bullet point, the comma is superfluous and should
be removed, giving: “In biochemical pathways such a species will almost always be an enzyme

Section 7.4.3.3: Proper use of the r ol e attribute®

— The fourth rule and its explanation should be deleted. It was decided that a species may act as
both a reactant and product within the same reaction.

Section 7.4.3.5: Proper use of the di r ect i on attribute®

— The second rule and its explanation should be changed to the following: “The di r ect i on at-
tribute ona <r ol e>element for which ther ol e attribute hasavalueof"r at e"," r eact ant
or "product” must have a value of "forward". [ Variables representing the reaction
rate, a reactant or a product should always be labelled as such in the forward direction. To
do otherwise would cause the implicit mathematics defined by the del t a_vari abl e and

st oi chi onet ry attributes on the reactant and product variables to be erroneous. ]”

— The third rule should be deleted. It is poorly written, and in any case completely unnecessary
given the second rule.

e Section 7.5.5: Math implied by the del t a_var i abl e and st oi chi onet ry attributes®®

— In Figure 15, the CellML is incorrect: the <mat h> elements should be inside the <r ol e>
elements. The separation between the two examples if highlighted by adding comments, and
removing excess whitespace.

e Section 8.3: Examples®’

— In the last comment in Figure 16, “a” should be changed to “an”, giving: “Some metadata
content, such as an annotation describing limitations of this representation of the membrane”.

o Appendix A.2: The CellML DOCTYPE declaration®®

S2nttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn_qualitative_models
Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec rules_role_element
Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec rules_role_element
SShttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec rules_role_element
nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _rxn_implied_math
Shttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec_metadata_examples
®Bnttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _dtd_doctype_declaration
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— The text makes it sound like all CellIML documents should contain DOCTYPE declarations of
the form shown. This should be changed to read: “CellML documents may reference the version
of the CellML 1.0 DTD maintained on the CellIML website with a DOCTYPE declarations of
the following form:”

Appendix B.4: Preferred scripting language®®

— In the first paragraph, “when” should be changed to “if” in the second sentence, giving: “It is
anticipated that, if scripting functionality is officially endorsed by a future version of CellML,

Appendix B.6: Effects of scripts®

— All instances of the word “should” should be replaced with the word “must”, giving: “Functions
must be side-effect free. That is, a function must not assign values to variables that are not local
to that function. In particular, functions must not alter the values of their arguments or global
variables.”

Appendix C.3.2: Units-based restrictions on the use of MathML operators®?

— In the bottom-right cell of Table 5, the operand is wrongly defined. The definition should be
removed, and the first two sentences condensed into one, giving: “The operand of this operator
and the value of the <bvar > qualifier element, if present, may have any units.”

Appendix C.3.3: Applying operators to units definitions®?

— Inthe bottom-right cell of Table 6, the terms in the quotient are in the wrong order. These should
be reversed, giving: “The result of this operator has units that are the quotient of the units of the
operand over the units of the term in the <bvar > qualifier element ...”

Appendix C.3.5: Conversion between units definitions®?

— In the second paragraph, there is a duplicate “the”, which should be removed, giving: “... then
there is a one-to-one mapping between the variable’s value in both components.”

2.4 Known erorsasof 29 June 2001

e Section 2.4: Rules for CellIML Documents®

— The 18 May 2001 Final Draft did not restrict model authors from defining plain text inside
CellML elements. Without proper specification, it is not clear what CellML processing software
should do when it encounters this. The simplest approach is to make documents containing
CellIML elements that contain text nodes invalid. We add the following rule and explanation,
entitled “2.4.4 Text nodes within CelIML elements” with text:

SOhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math _use_of ecmascript
SOhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math_execution_of scripts
Shttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec units_rules restrictions_on the_use of mathml _ope
52nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _units_rules _applying _operators to units_definition:
Snttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _units_rules_conversion _between _units_definitions
8nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_document rules
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Any characters that occur immediately within elements in the CellML namespace must
be either space (#x20) characters, carriage returns (#xA), line feeds (#xD), or tabs
(#x9).

[ All of the elements in the CelIML 1.0 namespace contain no text content. The charac-
ters listed above correspond to the definition of whitespace given in Section 2.3 of the
XML 1.0 Recommendation®. Text content may still be included in extension elements
inside CellML elements. ]

e Section 4.4.1: The <mat hm : mat h> element®®

— The first rule in this section states that “The <mat hid : mat h> element must only appear as
a child of <cel I M : conponent > or <cel | m : r ol e> elements.” This is a duplication
of the content model definitions for <cel | m : conponent > and <cel | ml : r ol e>, and
does not allow the <mat himl : mat h> element to appear within extension elements. This rule
should be amended to read as follows: “The <mat hnl : mat h> element must only appear as
a child of the following elements in the CellML namespace: <cel | i : conponent > and
<cel | m : r ol e>.” The following sentence should be added to the explanation to clarify this:
“The <mat hm : mat h> element may appear inside elements in the RDF and CellIML Metadata
namespaces if permitted by the relevant specifications, and may be used inside extension ele-
ments. When MathML elements occur within extension elements, CellML processing software
is free to ignore them.”

— The sentence regarding the CelIML subset of MathML elements in the explanation after the sec-
ond bullet point should be removed and made its own bullet point. This lends the MathML subset
a bit more importance, and the use of “For interoperability” and “should” ensures that the rule
should really be regarded more as a recommendation. The full text of this bullet should read *“For
interoperability, all elements in the MathML namespace that are within a <mat hm : mat h>
element, and not withina <mat hni : annot at i on>or <mat hnl : annot at i on- xml >el-
ement should be taken from the CellML subset of MathML content markup elements defined
in Figure 5. [ The CellML subset is discussed further in Section 4.2.3. Note that this is an
interoperability recommendation and not a firm rule. ]”

e Section 4.4.3.2: Allowed values of the cel | i : uni t s attribute®’

— The CellML namespace prefix should be added to the three CellML elements mentioned in
the bullet point, giving: “The value of the cel I m : uni t s attribute must be taken from the
standard dictionary of units given in Section 5.2.1, or be the value of the nane attribute on a
<cel | m : uni t s>elementdefined in the current<cel | m : conponent >or<cel | m : nodel >
element.”

e Section 2.4.2: The <r el ati onshi p.r ef > element®

— The specification does not currently prevent the model author from referencing the same re-
lationship type more than once within the same group element. Rather than specify software
behaviour when encountering this, it should just be outlawed. So the following text should
be added under the section heading “6.4.2.5 Proper use of the r el ati onshi p and nane
attributes™:

SShttp://www.w3.0rg/TR/2000/REC-xml-20001006#sec-common-syn
nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math_spec_rules_mathml:math_element
57http://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math_spec_rules_mathml:cn_element
®nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_grouping spec rules relationship ref_element
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[ The following rules together prevent the model author from referencing the same hierarchy
more than once within a given <gr oup> element. ]

*x A <gr oup> element must not contain two or more <r el ati onshi p_r ef > elements
that define ar el at i onshi p attribute in a common namespace with the same value and
that have the same nane attribute value.

x A <gr oup> element must not contain two or more <r el ati onshi p_r ef > elements
that define a r el at i onshi p attribute in a common namespace with the same value and
do not define nane attributes.

e Section 7.4.3.5: Proper use of the di r ect i on attribute®

— There is no reason why modellers shouldn’t be able to define di r ect i on attributes with a
value of " f or war d" (the default value) on <r ol e> elements with a r ol e attribute value of
"rate". The third bullet point should read: “”. The second rule in Section 7.4.3.5 should
then be changed to read: “The di r ecti on attribute on a <r ol e> element for which the
r ol e attribute has a value of "rate", "reactant™ or " product " must have a value of

"forward"..

— There is no reason why modellers shouldn’t be able to define di r ect i on attributes with a
value of " f or war d" (the default value) inside reactions which are not reversible. The first rule
in this section should thus be changed to read: “A di r ect i on attribute must only have a value
of "reverse" or "bot h" if defined on a <r ol e> element contained in a <r eact i on>

n o

element on which the r ever si bl e attribute has a value of "yes".

25 Known erorsasof 22 June 2001

e Section 2.4.3: Extension namespaces

— The word “set” should be deleted, giving: “For interoperability, elements in the CellML names-
pace should not be defined inside extension elements.”

— A third rule should be added to this section to make it clear that CellML attributes may (but
should not) be defined on extension elements. The text should be: “For interoperability, at-
tributes in the CellML namespace should not be defined on extension elements.”

2.6 Known erorsasof 20 June 2001

e Section 1.1.1: Purpose and scope of CellIML™

— In paragraph two, sentence two, it is not clear what “the links between models, operating systems
and programming languages” really are. This should be rewritten as: “This makes a model
independent of a particular operating system or programming language, and allows modellers to
easily integrate parts of other peoples’ models into their own models.”

— In paragraph two, sentence three, the first clause ends with a preposition. This clause should be
changed to read: “CellML also allows the generation of equations for publishing from the same
definition upon which the solution method is based, [...]”.

%nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn_spec_rules role element
Onttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_fundamentals_rules_namespaces
http:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _intro_purpose _and _scope
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e Section 1.1.3: Terminology”?

— In paragraph one, “various useful model classifications” should be “two useful model classifica-
tions”.

— In the definition of error, “It is recommended that software make information about errors [...]”
should be changed to “The recommended best practice is for software to make information about
errors [...]".

— “CellML compliant software” should be “CellML conformant software”. The use of both terms
was considered confusing.

e Section 1.2: Structure of the CellML Specification”

— The description of Section 7 (Reactions) should read: “This section introduces CellML syntax
that allows the modeller to classify the involvement of the participants in the chemical expres-
sions that make up reaction/pathway models.”

e Section 2.2.2: Namespaces in CellIML™

— In paragraph one, in sentence two, a comma should be added after the word “allowing” to make
the sentence read better, giving: “XML namespaces add a second level of naming to elements
and attributes, allowing processing software to distinguish between elements and attributes from
different languages.”

— In paragraph one, the fourth sentence should be split into two shorter sentences for clarity,
giving: “The value of a namespace URI need have nothing to do with the XML document that
uses it. However, it typically points to a document that defines the rules for the language.”

— In paragraph four, an extra “the” should be removed: “For interoperability, the root element of
any CellIML document should set the default namespace and map the cel | mi prefix ...”

e Section 2.2.3: Extending CellML documents”™

— In paragraph one, the third sentence should read: “Any attribute in an extension namespace is
an extension attribute.”

e Section 2.4.1: Valid CellML identifiers’®

— The first sentence of the explanation should become the rule itself, as it is simple and in plain
English. The EBNF definition should be retained but demoted to secondary status. In the EBNF
fragment, name (which was borrowed from SBML) should be replaced with i denti fi er.
The section should thus have the following content:

A valid CelIML identifier must consist of only letters, digits and underscores, and must
contain at least one letter or digit. This can be written using Extended Backus-Naur
Form (EBNF) notation as follows:

"http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_intro_terminology
“http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_intro_spec structure
“nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_fundamentals_namespaces
http:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_extending cellml
"nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _fundamentals_rules_identifiers
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letter x='a ...z, AN ... 7
digit =70 ... 9
identifier ::= ("_)* ( letter | digit ) ( letter | > | digit )*

[ The variant of EBNF used above is defined in Section 6 of the XML 1.0 Recommendation?”.]

e Section 2.4.3: Extension namespaces’®

— In the explanation of the second bullet point, “that” should be changed to “which”, giving:
“Specifically, applications should not define [...] information within extension elements, which
other applications are free to ignore.”

e Section 2.5.3: Treatment of extension namespaces”

— The second bullet point should be changed to read: “CellML processing software may ignore the
attributes and content of extension elements.” The XML specification uses the phrase “element
content” rather than “element contents”.

e Section 3.2.1: Definition of a model®

— In paragraph one, “recommended method” should be changed to “recommended best practice”.

— In paragraph three, sentence two, “recommended practice” should be changed to “recommended
best practice”.

— In the bulleted list, it is stated that “each component contains variables [...] and mathematics
[...]”, suggesting that this is required. This should be changed to “each component may contain
variables [...] and/or mathematics [...]”.

e Section 3.2.2: Definition of components®

— In paragraph four, sentence two, “recommended practice” should be changed to “recommended
best practice”.

e Section 3.2.4: Definition of connections®

— In the last sentence of paragraph two, the word “following” is used twice. The first instance
should be changed to “tracing”.

e Section 3.3: Examples®

— In the second sentence of the last paragraph, the “which” should be changed to “since this”,
giving: “The value of the vari abl e_1 attribute on each <map_var i abl es> element ref-
erences the corresponding variable in the menbr ane component, since this is the component
referenced by the conponent _1 attribute on the <map _conponent s> element.”

""http://www.w3.0rg/TR/2000/REC-xml-20001006#sec-notation
“http://www.cellml.org/public/specification/20010518/cellml specification.html#sec _fundamentals_rules_namespaces
http://www.cellml.org/public/specification/20010518/cellml specification.html#sec _fundamentals_processor rules_extension_namespa
nhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_model _element
8http://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_component _element
82nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_connection_element
8nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec structure_examples
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Section 3.4: Rules for CellML Documents®

— An “and” and an “elements” should be deleted from the single sentence in this section. The
sentence should read: “The following are the rules for using the <nmodel >, <conponent >,
<vari abl e>,<connecti on>,<map_conponent s> ,and <map_var i abl es>elements.”

Section 3.4.2.1: Allowed use of the <conponent > element®

— A <conponent > element may contain <r eact i on> elements in the CellML namespace.
The first sub-bullet under the first bullet should have the text: “<uni t s>, <vari abl e>and
<r eact i on>elements in the CelIML namespace,”.

Section 4.1: Introduction®®

— In the first sentence of paragraph one, “is aimed at” should be replaced with “allows modellers
to”, giving: “CellML allows modellers to unambiguously specifying the underlying mathemat-
ics of a cellular model.”

Section 4.2.1: Definition of mathematics®’

— In paragraph one, the last sentence should include “<cel | m : r eact i on>" in the list of el-
ements introduced in Section 7. Also “first introduced” should be changed to “described in
detail” — technically, those elements are first introduced in that sentence. The result is: “The
<cellm:role><cellm:variableref>and<cel |l m :reacti on>elements men-
tioned in this section are described in detail in Section 7 of this specification.”

— In paragraph two, in the frist sentence, “in terms of” should be “relating”, giving: “[...] arbitrary
expressions relating the variables [...]”.

e Section 4.2.2: MathML’s presentation and content markup elements®

— In paragraph one, sentence two, “are oriented towards describing” should be changed to “de-
scribe”, giving: “The presentation markup elements describe the visual rendering of [...]".

— In paragraph one, sentence three, “aim to capture” should be changed to “specify”, giving: “The
content markup elements specify the underlying meaning of [...]".

e Section 4.2.3: The CellML subset of MathML content elements®

— In paragraph one, sentence one, “follow” should be “follows”. That sentence should read: “Valid
CelIML documents may contain any MathML content markup elements withina <mat hm : mat h>
element, as long as the arrangement of these elements follows the rules defined in the MathML
2.0 Recommendation®.”

— In paragraph one, in the last sentence, “compliant” should be “conformant”. The last sentence
should read: “CellML processing software may only call itself CelIML conformant if it is able to
correctly interpret all of the MathML elements in the CellML subset according to the semantics
defined in the MathML 2.0 Recommendation.”

8nttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure_spec_rules
Snhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec structure spec_rules_component element
8http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math _introduction
8http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_math _bs_definition_of_mathematics
8nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_presentation vs_content
8nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _cellml_subset
Dnttp://www.w3.0rg/TR/2001/REC-MathML2-20010221
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e Section 4.2.5: Definition of scripts®

— In paragraph one, sentence one, “any means with” should be changed to “a standard method
by”, giving: “CellML 1.0 does not define a standard method by which model authors can embed
scripts in CellML documents in a portable way.”.

— In paragraph one, sentence three, the sentence should start with “However” as it’s a change of
direction from the previous sentence, giving: “However, the use of scripts in CellML is strongly
discouraged.”.

— In the final bullet point, it is not clear if the second sentence is an explanation of “side-effect
free” or some additional requirement. That bullet point should be changed to read as follows:
“Functions should be side-effect free. That is, a function should not assign values to variables
that are not local to that function. In particular, functions should not alter the values of their
arguments or global variables.”

e Section 4.4.1: Allowed use of the <mat hi : mat h> element®?

— In the final bullet point, “contents” should be changed to “content”, giving: “The content of a
<mat hm : mat h> element must conform to [...]”. (The XML specification uses content in the
singular.)

e Section 4.5.1: Ordering of expressions®

— Itis currently not clear what the behaviour of processing software should be with regard to the
ordering of equations, a topic currently only dealt with in Section 4.5.1. The following sentence
should be added: “It is recommended that CellML processing software evaluate expressions
in an order which minimises the number of unknown variables in each expression.” A new
introductory section should be added after Section 4.2.3 entitled Ordering of expressions with
the following content:

The mathematics in a model defined using CellML 1.0 consist of a static system of
expressions, which are distributed over a network of components. CellML provides no
facilities for specifying the order in which these expressions should be evaluated, as
this is simulation information rather than model information. CellML processing soft-
ware must not assume that the ordering of expressions within a component or within a
CellML document has any significance, and may evaluate equations in any order when
running simulations. For interoperability, it is recommended that CellML processing
software evaluate expressions in an order which minimises the number of unknown
variables in each expression.

e Section 4.5.2: Treatment of annotations®

— In both the first and second sentences, the word “contents” should be replaced with “content”.
This means that, in the second sentence, “define” should be changed to “defines”. The total text
is thus: “CellML processing software may ignore the content of <mat hm : annot ati on>
and <mat hni : annot at i on- xm >elements. CellML processing software must assume that
the content of the first child of a <mat hm : sermant i cs> element defines an expression de-
scribing the mathematical behaviour of the model.”.

http://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _scripting
9nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _sec_math _spec_rules_mathml:math_element
Chttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _rules_order_of calculations
%nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec_math _rules_treatment_of__annotations
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e Section 5.2.2: User defined units®

— In paragraph four, the word “can” should be replaced with “may” giving: A <uni t s> element
may contain a set of <uni t > elements [...]

— In paragraph five, “has no content” should be replaced with “must not contain any elements
in the CellML namespace,” giving: “A <uni t > element may not contain any elements in the
CellML namespace, but may have up to five attributes.”

e Section 5.4.2.2: Allowed values of the uni t s attribute®

— In the explanation after the second bullet point, “the base Sl units” should be changed to read
“Sl and user-defined base units”.

e Section 7.2: Basic Structure®’

— In paragraph one, sentence five should be “However, this makes it difficult to re-use the individ-
ual reactions, and is therefore not the recommended best practice.”

— In paragraph two, sentence two, “recommended practice” should be “recommended best prac-
tice”.

— In paragraph three, the word “empty” should be removed from the first sentence. The second
sentence should be changed to read: “A <r ol e> element must not contain any elements in the
CellML namespace, but may have up to four attributes.”

— In paragraph four, sentence two, “recommended practice” should be “recommended best prac-
tice”.

Section 7.4.1.1: Allowed use of the <r eact i on> element®

— In the explanation on bullet point two, “recommended practice” should be “recommended best
practice”.

Section 7.5.5: Math implied by the del t a_vari abl e and st oi chi onet ry attributes®

— In paragraph two, “recommended practice” should be “recommended best practice”.
— In paragraph four, “recommended practice” should be “recommended best practice”.
— In the caption of Figure 15, “recommended method” should be “recommended best practice”.

Section 7.5.7: Resolution of inconsistencies®

— In paragraph three, “CellML-compliant” should be “CellIML conformant”.

Section 8.2: Basic Structure10!

— In paragraph four, “recommended practice” should be “recommended best practice”.

Snttp:/iwww.cellml.org/public/specification/20010518/cellml_specification.html#
Bhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec units_spec_rules_unit_element
9http://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_basic structure
Lhttp://www.cellml.org/public/specification/20010518/cellml specification.html#sec rxn_spec_rules reaction_element
Pnttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec _rxn_implied_math
10nttp://www.cellml.org/public/specification/20010518/cellml_specification.html#sec rxn_inconsistencies
10 http://www.cellml.org/public/specification/20010518/cellml specification.html#sec_metadata_basic _structure
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Section 8.4.2.1: Allowed use of the <r df : RDF> element1%2

— In the explanation after the first bullet point, “recommended practice” should be “recommended
best practice”.

Appendix A.1: Introduction'®

— In paragraph one, “CellML compliant” should be “CellML conformant”.

Appendix B.6: Effects of scripts'®

— It is not clear if the second sentence is an explanation of “side-effect free” or some additional
requirement. The complete text should be changed to read as follows: “Functions should be
side-effect free. That is, a function should not assign values to variables that are not local to
that function. In particular, functions should not alter the values of their arguments or global
variables.”

Appendix D.1: Changes between 2 March 2001 Draft and the 18 May 2001 Final Draft

— A fullstop should be added to the end of the Namespaces paragraph.

— Whitespace should be added after the third link in the Mathematics paragraph.

— Whitespace should be added after the third link in the Grouping paragraph.

— A spelling mistake should be corrected (amd, and) in Conformance Levels and Terminology
paragraph.

— Inthe Conformance Levels and Terminology paragraph, “CellML compliant” should be “CelIML
conformant”.

E-mail questions, criticism, submissions or info to info@cellml.org
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