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Abstract— With the development of standards for the de-
scription of experimental data and mathematical models of
physiological processes has come the advent of publicly accessible
repositories of such descriptions. To make these repositories
acceptable to the community, the descriptions contained therein
must be curated to provide an indication of how accurately the
standard description represents the actual experimental data or
mathematical model. We define here a curation method for CellML
encoded models and propose a model repository workflow using
such curation within the CellML model repository.

I. INTRODUCTION

As the complexity of computational models increases, for-
mal vocabularies are needed to reduce the growing hetero-
geneity of expressions. Standards are being developed to
formalize the description of experimental data and mathemat-
ical models of physiological processes [1], [2]. Ontologies
that incorporate semantic descriptions of modeling concepts
eliminate ambiguities in the modeling environment. To this
end, ontologies and representation languages that include these
ontologies are being developed under the ITUPS Physiome
Project (www.physiomeproject.org), facilitating com-
munication of biological models through tools for building,
sharing, interpreting, and visualizing models [3].

With the development of these languages comes the ability
to create and populate repositories of models that are freely
available for use by the scientific community. An important
issue being addressed by model repositories is that of the
community’s level of confidence that a given representation or
implementation of a model is accurate. Such accuracy can be
interpreted as how faithfully the representation or implementa-
tion reflects the reference description of the model or perhaps
more importantly as how accurately the underlying phenomena
represented by the model are reproduced. Standards are being
developed that start to address these issues [4] and model
repositories are beginning to implement the ideas proposed by
such standards (a good example is the BioModels repository:
www . biomodels.net).

The most advanced of the physiome representation lan-
guages is CellML (www.cellml.org). Initially designed
for application to models of cellular electrophysiology and
reaction pathway models, CellML has since been used in a
wide range of mathematical models, including constitutive
laws for continuum mechanics. The CellML model repository
(www.cellml.org/models) has its origins as a distribu-
tion site for models encoded in CellML to provide examples
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on the use of CellML as well as to test the features of the
language as it developed. It then progressed into a repository of
previously published biological models that had been encoded
into CellML, a state in which the repository existed for several
years, with the number of encoded models growing to over
300. These models had all been encoded into CellML based on
the literature, and the models were not tested for consistency or
completeness. As tools have evolved we are now in a position
to begin curating the models in the repository.

In the following sections we describe recent developments
in the CellML model repository which provide a base upon
which to develop audited model curation. We then discuss
current developments underway to implement the actual model
curation.

A. MIRIAM

In a recent article a representative group from the biological
modeling community proposed a set of rules for curating
quantitative models of biological systems [4]. These rules
specify the minimum information requested in the annotation
of biochemical models (MIRIAM) and models that pass all
the tests and fulfills all the conditions listed in MIRIAM are
deemed a MIRIAM-compliant model.

MIRIAM lists six rules that models must adhere to in order
to be MIRIAM-compliant. The six rules can be summarised
as:

1) the model must be encoded in a public, machine readable
format, either standard such as SBML or CellML, or
supported by specific software applications;

2) the encoded model must comply with the standard in
which it is encoded;

3) the model must be clearly related to a single reference
description the describes or references a set of results
that one can expect to reproduce using the model;

4) the encoded model structure must reflect the biological
processes listed in the reference description;

5) the encoded model must be instantiated in a simulation,
meaning that the quantitative attributes of the model
have to be defined; and

6) the model, when instantiated within a suitable simulation
environment, must be able to reproduce all relevant
results given in the reference description that can readily
be simulated.

Additionally, MIRIAM specifies annotation that must be in-
cluded with a quantitative model to achieve MIRIAM compli-
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ance:

1) the preferred name of the model;

2) a citation of the reference description with which the
model is associated;

3) name and contact information for the model creators,
that is, the people who actually contributed to the
encoding of the model in its present form;

4) the date and time of creation, and the date and time of
last modification; and

5) a precise statement about the terms of distribution.

With some minor additions, the CellML metadata
specification (www.cellml.org/specifications/
metadata/) will provide a standard for MIRIAM-compliant
annotation of models. Models in the CellML model repository
will, however, have to be modified to include all annotations
required by MIRIAM. The first two rules above are already
met by most (if not all) models in the CellML model repository
— i.e., they are encoded in valid CellML.

While MIRIAM provides a useful standard for model cura-
tion, it does not fully encompass the requirements we foresee
for model curation in the CellML model repository. In the
following sections we refer to various aspects of MIRIAM
compliance as well as further curation we see as useful for
users of the CellML model repository.

II. CELLML MODEL CURATION

Currently all models in the CellML model repository have
either been encoded directly from previously published peer-
reviewed journal articles or been developed as part of the pub-
lication process. Such peer-review is an essential requirement
for any model to be accepted by the community. Thus, CellML
model curation is designed to complement the peer-review
process.

The basic measure of curation in a CellML model is defined
by the curation level of the model document. We have defined
four levels of curation, loosely summarized as:

o Level 0: not curated;

o Level 1: the encoded model accurately represents the
published model;

o Level 2: the encoded model works; and

o Level 3: the actual model satisfies domain specific con-
straints.

Levels 1, 2, and 3 are seen as progressive steps forward
in the evolution of a CellML model without restrictions on
maintaining the requirements of a lower level curation. For
example, as described below, modifying a level 1 model to
meet the requirements for level 2 curation will generally break
level 1 curation. Similarly, changes for level 3 curation may
break level 2 and/or level 1 curation.

A. Level 0 curation

A CellML model with a curation level of 0 has received
no curation, other than checks on the validity of the CellML
document. This is the default initial curation level assigned
to a model when it first enters the CellML model repository

workflow. Most models imported into the model repository
from the previous repository are at this curation level.

B. Level I curation

With a curation level of 1, the CellML model is assured to be
an accurate representation of the original published model, in-
cluding typographical, mathematical, and dimensional errors.
This level of curation primarily exists to provide a historical
reference of published models. Typically models are published
containing some errors in the mathematics, or the units for a
variable are missing or incorrect, or some initial conditions or
parameter values might be missing. In these cases, creating
a CellML representation of the model which is capable of
reproducing the results given in the original paper requires
modifications to the mathematics, variables, units, efc. which
results in a CellML version of the model which no longer
matches the original published model.

Curation level 1 is also useful when dealing with primarily
qualitative models encoded in CellML. For such models there
is usually not enough information to perform the quantitative
simulations required to generate the results required to achieve
level 2 curation, thus a level 1 curated version of the model
is most valuable.

C. Level 2 curation

To achieve a curation level of 2, the CellML encoded model
has been checked for (i) typographical errors, (ii) consistency
of units, (iii) that all parameters and initial conditions are
defined, (iv) that the model is not over-constrained, in the sense
that it contains equations or initial values which are either
redundant or inconsistent, and (v) that running the model in
an appropriate simulation environment reproduces the results
published in the original paper.

D. Level 3 curation

Level 3 curation provides assurance that the actual mathe-
matical model correctly represents the underlying phenomena
encompassed by the model. A model with a curation level of
3 has been checked for the extent to which it satisfies domain
specific biophysical constraints (e.g., conservation of mass,
momentum, energy) and the model metadata must describe
these extents. This level of model curation is highly domain
specific and needs to be conducted by domain experts.

The metadata for a level 3 curated model must also specify
the range of applicability of the model — i.e., explicit state-
ments about assumptions made as well as specie, age, disease
state, tissue type, etc. dependencies.

E. Model development

It is the hope of the CelML group that as new models
develop the CellML representation of the model is concurrently
developed. Thus enabling a single CellML representation of a
model to have level 1, 2 and 3 curation status. Historically,
however, published models contain sufficient error to prohibit
the use of a level 1 CellML version of the model to pass all the
requirements of level 2 curation. Changes made to the level
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1 version of the model to pass level 2 curation results in a
level 2 version of the model which no longer satisfies level 1
curation.

While a higher curation level version of a model will
typically be more useful in practice it is useful to provide
versions of a model at each curation level. The new model
repository workflow (Section III) provides the facility to store
multiple versions of a model allowing the level 0, 1, 2, and 3
versions to coexist in the repository. We are able, therefore, to
serve from the model repository both a usable version of the
model (level 2 or 3 curation) and an accurate representation
of model as it was originally published (level 1 curation) and
perhaps a development version of the model as it was initially
uploaded into the repository (level 0). An essential feature
of the repository is providing sufficient annotation to allow
repository users to determine which version of a model is
most suitable for their application.

IIT. CeLLML MODEL REPOSITORY WORKFLOW

A key feature of the CellML model repository is the ability
to simultaneously store multiple versions of a given model.
Versions are distinguished via the model’s URI and the doc-
ument’s metadata. This feature allows different versions of a
model at various curation levels to be easily stored and used
in the CellML model repository.

Fig. 1 provides an illustration of the proposed model
repository workflow to be implemented in the CellML model
repository. The current CellML model repository implements
the steps up to and including level O curation. This workflow
begins with a new model (or a new version of an existing
model) submitted to the repository. The CellML document must
first pass some basic validation checks to ensure the encoding
of the model is valid.

Once the document passes validation it is checked for the
metadata required in a CellML document for entry into the
model repository. There is currently no required metadata
except for models with a curation level of 3 (as described
above in Section II-D). For all models, however, an interface
is presented for the entry of a minimal set of information
about both the model and its CellML encoding. This minimal
metadata, if provided, enhance the document’s usefulness in
the model repository (i.e., model categorization and repository
searching). As model and domain specific ontologies develop
the current interface will be developed to allow more de-
tailed ontological annotation. Similarly, metadata required by
MIRIAM (Section I-A) can be marked compulsory and edited
via this interface.

When a CellML model submitted to the repository has passed
validity and metadata checks, it is annotated as being curated
to the level O requirements and saved in the repository. Saving
the model into the repository can either be as a new model,
a new version of an existing model, or the replacement of an
existing version of a model.

Level O curated models may then be reviewed by repository
members with sufficient privileges in order to progress to level
1, 2, or 3 curation. Following a successful review, the reviewed

version of the model is annotated with the new curation level
and entered into the repository either replacing the level O
curated version of the model or as a new version of the model.
If a model fails to meet the requirements for the new curation
level the model and/or the model’s CellML encoding can be
corrected and a new version of the model submitted to the
model repository. The new version of the model can then
progress through the repository workflow and be reviewed
again, hopefully with more favorable results.

As models progress through review and resubmission cy-
cles there is the possibility of either accumulating numerous
versions of the same model or continually replacing a single
version of the model in the repository. Model authors and
developers are free to choose which of these approaches they
deem most suitable. Some advantage is seen in a annotated
history of model versions as a model is revised to meet the
requirements of higher curation levels, an advantage which can
similarly be achieved through a suitable modification history
associated with a single version of a model.

IV. CONCLUSION

We have presented a proposed workflow that, once fully
implemented, will provide curation of models in the CellML
model repository. Model curation is based on the idea of
increasing levels of curation with a higher level curation
indicating increased assurance in the CellML encoding of a
model and the model itself.

The CellML model repository defines four levels of model
curation. The first three curation levels define how accurately
the CellML encoding of a model reflects the peer-reviewed
published model. The fourth curation level indicates that the
actual model has been checked by a domain expert and found
to accurately represent the physical phenomena encompassed
by the model.

To date, the proposed model curation workflow has been
partially implemented and work is currently underway to
complete the implementation. While we discuss only the
CellML model repository here, the proposed repository work-
flow and model curation is more generally applicable. As
such, future work will see similar developments in other
model repositories as part of the IUPS Physiome Project
(www .physiomeproject.org).

ACKNOWLEDGMENT

This work was supported by Wellcome Trust and the Royal
Society of New Zealand (Centre for Molecular Biodiscovery).

REFERENCES

[1] A. A. Cuellar, C. M. Lloyd, P. F. Nielsen, D. P. Bullivant, D. P. Nickerson,
and P. J. Hunter, “An overview of CelIML 1.1, a biological model
description language,” Simulation, vol. 79, no. 12, pp. 740-747, Dec.
2003.

4239



Basic validation
— valid XML?

— valid CellML? metadata

interface

correct CellML

A

metadata editing

\/

model I

curation

save level 0
version of model
in repository

correct

code

fail [ Jevel 1
review

* pass

set curation

level 1

fail level 2
review

* pass

set curation
level 2

model

level 3 \fl
review

pass

set curation
level 3

save level 1
version of model

save level 2 save level 3

version of model version of model

in repository

in repository in repository

Fig. 1. Diagram representing the proposed CellML model repository workflow. To be stored in the repository a CellML model must reach at least level O
curation.

[2] M. Hucka, H. Bolouri, A. Finney, H. M. Sauro, J. C. Doyle, H. Kitano,

[3]
(4]

A. P. Arkin, B. J. Bornstein, D. Bray, A. Cuellar, S. Dronov, M. Ginkel,
V. Gor, L. I. Goryanin, W. Hedley, T. C. Hodgman, P. J. Hunter, N. S. Juty,
J. L. Kasberger, A. Kremling, U. Kummer, N. LeNovere, L. M. Loew,
D. Lucio, P. Mendes, E. D. Mjolsness, Y. Nakayama, M. R. Nelson,
P. Nielsen, T. Sakurada, J. C. Schaff, B. E. Shapiro, T. S. Shimizu, H. D.
Spence, J. Stelling, K. Takahashi, M. Tomita, J. Wagner, and J. Wang,
“The systems biology markup language (sbml): A medium for repre-
sentation and exchange of biochemical network models,” Bioinformatics,
vol. 19, pp. 524-531, 2003.

G. R. Christie, D. Bullivant, S. Blackett, and P. J. Hunter, “Modelling and
visualising the heart,” Comput. Visual. Sci., vol. 4, pp. 227-235, 2002.
N. Le Novere, A. Finney, M. Hucka, U. Bhalla, F. Campagne, J. Collado-
Vides, E. J. Crampin, M. Halstead, E. Klipp, P. Mendes, P. Nielsen,
H. Sauro, B. Shapiro, J. L. Snoep, H. D. Spence, and B. L. Wanner,
“Minimum information requested in the annotation of biological models
(MIRIAM),” Nat. Biotechnol., vol. 23, no. 12, pp. 1509-1515, 2005.

4240



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


