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Abstract

Background: Dynamic models in Systems Biology are used in computational simulation experiments for addressing
biological questions. The complexity of the modelled biological systems and the growing number and size of the
models calls for computer support for modelling and simulation in Systems Biology. This computer support has to be
based on formal representations of relevant knowledge fragments.

Results: In this paper we describe different functional aspects of dynamic models. This description is conceptually
embedded in our “meaning facets” framework which systematises the interpretation of dynamic models in structural,
functional and behavioural facets. Here we focus on how function links the structure and the behaviour of a model.
Models play a specific role (teleological function) in the scientific process of finding explanations for dynamic
phenomena. In order to fulfil this role a model has to be used in simulation experiments (pragmatical function).
A simulation experiment always refers to a specific situation and a state of the model and the modelled system
(conditional function). We claim that the function of dynamic models refers to both the simulation experiment
executed by software (intrinsic function) and the biological experiment which produces the phenomena under
investigation (extrinsic function). We use the presented conceptual framework for the function of dynamic models to
review formal accounts for functional aspects of models in Systems Biology, such as checklists, ontologies, and formal
languages. Furthermore, we identify missing formal accounts for some of the functional aspects. In order to fill one of
these gaps we propose an ontology for the teleological function of models.

Conclusion: We have thoroughly analysed the role and use of models in Systems Biology. The resulting conceptual
framework for the function of models is an important first step towards a comprehensive formal representation of the
functional knowledge involved in the modelling and simulation process. Any progress in this area will in turn improve
computer-supported modelling and simulation in Systems Biology.

Background
The modelling of complex biological systems is faced with
huge challenges. New high-throughput experimentation
generates enormous amounts of data which forms the
empirical basis for dynamic models in Systems Biology
(for short called “bio-models” in this paper). The manage-
ment and analysis of the “data iceberg” [1] is impossible
without computer support. Modelling and simulation on
the systems level requires the integration of data from dif-
ferent sources on various levels in a collaborative manner
[2] and the incorporation of existing models. See [3] for
a detailed discussion of the challenges for modelling and
simulation in Systems Biology.
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Bio-models are mathematical descriptions of biological
processes which are used to answer biological questions.
Generally, these questions are causal questions asking for
mechanistic explanations of dynamic biological phenom-
ena. In order to serve as mechanistic explanations it is
necessary that the temporal behaviour of a bio-model
can be simulated by means of computers. Therefore, the
bio-model has to be encoded in an appropriate computer-
understandable format. System-level understanding of
biological phenomena requires the integration of bio-
models from different abstraction levels expressed in dif-
ferent modelling paradigms [4]. Computer support for
modelling and simulation is an important contribution to
meet the challenges in Systems Biology. This computer
support has to be based on formal representations of rel-
evant knowledge fragments. A first step towards such
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a formal representation is an ontological analysis of the
domain of knowledge in question. The result of such an
analysis will be a “conceptual framework”, i.e. a set of cat-
egories and relations between them which can be used to
capture the respective knowledge. What we call a “con-
ceptual framework” is usually called “domain model” or
“conceptual model” in computer science. In the context
of this work the use of the traditional terms seems to be
misleading because the omnipresent term “model” is used
with different meaning.

The function of a bio-model describes its role in the
scientific process of finding mechanistic explanations for
biological phenomena. Beside this teleological aspect of a
model’s function there are pragmatical aspects: The func-
tion of a bio-model also describes the use of the model in
simulation experiments. In such simulation experiments
behaviours of the model are generated. Thus, function
links a model (structure) to its behaviours. To summarise,
the function of bio-models describes why and how to use
models in simulation experiments:

“Models can fulfil many functions as we have seen; but
they generally perform these functions not by being
built, but by being used. Models are not passive
instruments, they must be put to work, used, or
manipulated.” ([5], p.32)

Physiology is the branch of biology dedicated to func-
tion of living systems. The notion of “function” as used
in physiology incorporates two aspects of a biological
entity: (1) The function states a role an entity plays
as a component of an encompassing process. The bio-
logical function is therefore tied to a specific process.
(2) The function characterises the behaviour which the
entity has to exhibit for fulfilling its role. Biological func-
tion links system structure (the entities and relation)
to behaviour. The most famous example is the func-
tion of genes which links the genotype to the pheno-
type. In this paper we transfer this notion of function to
bio-models.

We claim that the function of a bio-model links its struc-
ture to its behaviour. Before we describe the function
of a bio-model in detail we will introduce the “mean-
ing facets” which provide a framework to systematically
describe the knowledge involved in creating and using
bio-models. In the meaning facets framework the func-
tion of a bio-model mediates between its structure and its
behaviour (cf. Figure 1). The present paper focuses on how
the function plays this mediating role.

In order to do so, we first analyse the function of bio-
models and develop a conceptual framework. Then, the
conceptual framework is used to show whether and how
the function can be formalised. Thereby, we review exist-
ing formal approaches and identify missing pieces. For one

of the identified gaps we outline a possible filler. Finally,
we compare our conceptual framework with related work.

Meaning facets of bio-models
Generally, a mathematical model establishes a relation
between a system under observation (what Rosen [6] calls
the “natural system”) and a formal system. Rosen calls this
the “Modeling Relation”. In order to be useful the mod-
elling relation has to be an isomorphism: the structure
of the formal system, expressed as entities and relations
between them, can be mapped onto the structure of the
natural system, recognised as objects and interactions.

In our analysis of the modelling process in Systems
Biology we make two important observations about bio-
models [7]. First, a bio-model has a dual interpretation:
In order to be used in computer simulations the encoded
model has to be intrinsically interpreted with respect
to the encoding format used. This can be done without
referring to the modelled natural system. Furthermore, a
model has to be related to the natural system (cf. Rosen’s
modelling relation [6] mentioned above), i.e. it has to
be extrinsically interpreted. Second, dynamic models are
considered on three levels: Models are systems of com-
ponents and relations (model structure). Models are used
in simulation experiments for answering biological ques-
tions (model function). Models exhibit temporal changes
(model behaviour). The three levels of bio-models are
inspired by function modelling in engineering (see, e.g.,
[8]). In function modelling formally represented teleolog-
ical knowledge is used for the design and diagnosis of
engineering artefacts.

We claim that full computer support of the overall mod-
elling process has to be based on a complete description
of a bio-model encompassing all six “meaning facets” [9],
i.e. the intrinsic and extrinsic sides on each of the three
levels. If we look at the scientific process of modelling
a biological system in order to explain data observed in
experiments we can clearly identify the three levels and
the dual interpretation (see Figure 1). More details about
the six meaning facets are given by Knüpfer et al. [9]
including a complete description of an example model
with respect to the meaning facets. However, in this paper
we will focus on the functional facets of bio-models.

Conceptual framework for the function of
bio-models
A bio-model used in simulation experiments in order
to answer biological question has an intrinsic and an
extrinsic function (see above) which can be understood
in teleological and in pragmatical terms. There is a third
perspective on the function of bio-models, which we call
“conditional”: the role played by an entity depends on the
context; in different situations or under different condi-
tions an entity may have different roles. In the following
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Figure 1 Structure, function and behaviour of a bio-model. Structure (blue/left), function (yellow/middle) and behaviour (green/right) of a
bio-model. The model relates the (intrinsic) computer representation with the (extrinsic) biological reality. (1) Structure: The biological target system
is transferred into a model which can in turn be intrinsically interpreted as a formal system. This establishes a modelling relation between the two
systems. If there is a valid mapping between the components of the target system and the formal system, we call the model a competence model.
(2) Function: The intention of the model is its use in simulation experiments for explaining biological phenomena observed in biological
experiments. (3) Behaviour: The simulation experiments produce results which can be interpreted as the dynamics of the model. This dynamics can
be related to the interpreted data of the biological experiments. If the behaviour of the model is similar to the behaviour of the biological system,
we call the model a performance model with respect to the corresponding biological phenomena. Explanation is using a competence model in an
simulation experiment which makes it a performance model with respect to the biological phenomena to explain.

we will investigate the individual functional aspects in
detail. The introduced concepts were distinguished by
writing them in italics throughout the paper. Table 1
summarises the used concepts.

The presented conceptual framework extends the
Minimum Information About a Simulation Experiment
(MIASE, [10]) which is a reporting guideline for simula-
tion experiments performed on bio-models. The rules of
MIASE regard the conditional and pragmatical function
of bio-models. The conceptual framework presented here
also incorporates the teleological function and relates the
description of simulation experiments (intrinsic function)
to the biological counterparts (extrinsic function).

It should be noted that a bio-model can have more than
one function if it be used to answer different biological
questions. The separation of structure and function of

Table 1 Functional aspects of bio-models

Intrinsic Extrinsic

Teleological function Intended use Model use intention

Constraints Assumptions

Conditional function Model instantiation Boundary conditions

Initial values Initial state

Pragmatical function Setup Experimental settings

Post-processing Result calculations

bio-models in our meaning facets framework facilitates
this re-use of the same model for different purposes. How-
ever, the model structure can restrict the adequate use of
a model in so far as not every model structure is able to
answer a given question.

Teleological function
Bio-models play an important teleological role in answer-
ing questions about the biological system under investiga-
tion. These questions lead to specific intentions of using
the model in simulation experiments (called “model use
intentions” in the following). Model use intentions may
be, for example, the explanation of observed behaviours
or the prediction of possible behaviours. What is an
accepted explanation or prediction depends on the sci-
entific field and community [11]. Furthermore, there are
specific assumptions underlying the model use inten-
tions, e.g. the assumption that a specific reaction is very
fast. The extrinsic teleological function of bio-models
refers to the model use intentions and the underlying
assumptions.

The intended use of the model in simulation experi-
ments has to reflect the model use intentions. Depending
on these intentions different types of simulation exper-
iments may be appropriate. Often, different simulation
experiments have to be combined in order to yield the
desired outcome. Constraints which are in line with the
assumptions are imposed on the simulation experiments.
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Such constraints may include value restrictions, ratios
between values, and conservation rules. The intrinsic tele-
ological function of a bio-model describes its intended use
and imposed constraints.

Conditional function
The questions addressed by the model, in general, assume
certain boundary conditions and a specific initial state
of the experimentally observed biological system. The
boundary conditions determine the environment of the
biological system (e.g. temperature, pH, nutrition) and
may be reflected by corresponding kinetic data. It is also
possible to give plausible ranges for some of the condi-
tional values instead of single values. The extrinsic con-
ditional function of a bio-model is expressed in terms of
boundary conditions and initial states.

A bio-model contains state variables and formal param-
eters. In order to be used in simulation experiments,
concrete values must be assigned to all parameters. This
is called “model instantiation”. Furthermore, the initial
values for all state variables have to be chosen. The intrin-
sic conditional function of a bio-model makes the model
ready to be used in simulation experiments by means of
model instantiation and choice of initial values.

Pragmatical function
As mentioned above, bio-models explain or predict the
behaviour of the modelled biological system. This tele-
ological function requires a complementary description
of the experimental settings which lead to the observed
behaviour and allow for the verification of the predicted
behaviour. Usually the experimental data is transformed
into the final observations by means of result calcula-
tions. The extrinsic pragmatical function of a bio-model
describes the experimental settings and result calculations
related to the dynamic phenomena under investigation.

Bio-models are used in simulation experiments. The
setup of the simulation experiments precisely describes

the procedure applied to the instantiated model. This
involves the simulation algorithm used and specific set-
tings for this algorithm. In addition, the exact steps,
their order and applied perturbations have to be speci-
fied. Post-processing of the raw data from the simulation
experiments generates the desired outcome. The intrinsic
pragmatical function of a bio-model describes the setup of
the simulation experiments applied to the model structure
and the post-processing which finally produces the model
behaviour.

Formal approaches to the function of bio-models
In this section we briefly review existing approaches for
formalising the different functional aspects of bio-models.
The aim of this review is to investigate the coverage
of formal representations of functional knowledge as a
basis for computer support. Table 2 provides an overview
of the formal approaches. The classification of the for-
mal approaches in checklists, languages and ontologies is
motivated by [12]. Table 2 can be seen as a detailed view
of the middle column “Simulation description” of Figure 1
from ([12], p.7) which reviews existing approaches for bio-
models. The formal approaches displayed in Table 2 and
the gaps are discussed in the following sections.

Checklists
To start the formalisation of a specific kind of sci-
entific data, like bio-models, experiment protocols, or
experimental results, the responsible community first
of all has to agree on the information needed. So-
called “Minimum Information Checklists” state what
information at least has to be described. Checklists
are semi-formal in that they structure the information.
The information, however, is still formulated in natural
language.

The concrete intrinsic functional description of the sim-
ulation experiments is the main focus of MIASE [10].
MIASE requests information about the simulation type

Table 2 Formal approaches for functional aspects of bio-models

Functional aspect Checklists Languages Ontologies

Teleological function

Intrinsic: Intended use MIASE SED-ML MINTENTO

Extrinsic: Model use intention Unknown Unknown MINTENTO

Conditional function

Intrinsic: Model instantiation MIASE SED-ML Not applicable

Extrinsic: Boundary conditions MIBBI SABIO-RK* XCO

Pragmatical function

Intrinsic: Setup MIASE SED-ML KiSAO

Extrinsic: Experimental settings MIBBI FuGE MMO

*The database scheme of SABIO-RK could be seen as a formal language for experimental conditions.
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(intended use, teleological function), the model instantia-
tion (conditional function), the exact experimental setup,
and the necessary post-processing (pragmatical function).

For the description of the extrinsic function there are
a lot of specific checklists listed in the MIBBI portal
(Minimum Information for Biological and Biomedi-
cal Investigations, [13]), for example, MIAME (Min-
imum Information About a Microarray Experiment,
[14]) and MIFlowCyt (Minimum Information about a
Flow Cytometry Experiment, [15]). The listed check-
lists concern information about the boundary conditions
(conditional function) and the experimental settings
(pragmatical function) for specific types of biologi-
cal experiments. We are not aware of any checklists
for the model use intentions (teleological function) of
bio-models.

Languages
In most cases a checklist can be translated to a spec-
ification of a formal language. Such a formal language
for describing simulation experiments is SED-ML (Sim-
ulation Experiment Description Markup Language, [16])
which allows to specify the type of simulation, i.e. the
intended use (intrinsic teleological function), the model
instantiation and initial values (intrinsic conditional func-
tion) as well as the setup and post-processing of the
simulation experiments (intrinsic pragmatical function).
However, SED-ML can not fully describe the intended
use and the imposed constraints. The Systems Biology
Markup Language (SBML, [17]) used for the encoding
of the model structure is also able to determine parame-
ter values (model instantiation) and initial values. But, in
order to be able to reuse models in different simulation
experiments we suggest to clearly separate descriptions
of models (in SBML) from descriptions of their use
(in SED-ML).

There are languages for describing extrinsic experi-
mental conditions and specific biological experiments.
SABIO-RK (System for the Analysis of Biochemical Path-
ways – Reaction Kinetics, [18]), for example, allows the
representation of experimental and environmental bound-
ary conditions for measurements of the stored kinetic
data. The Functional Genomics Experiment Object Model
(FuGE, [19]) describes experimental settings in functional
genomics. We will not go into detail here. We are not
aware of any languages for the model use intentions (tele-
ological function) of bio-models.

Ontologies
Ontologies formalise conceptual knowledge. They can
provide vocabularies for formal languages.

The Kinetic Simulation Algorithm Ontology (KiSAO,
[20]) is employed within SED-ML to precisely specify
the algorithms used for the simulation experiment. Thus,

KiSAO contributes to the description of the intrinsic prag-
matical function of bio-models (setup).

Ontologies for intrinsic model instantiation seem not to
be very useful: There is not much conceptual knowledge
involved in assigning values to parameters and variables.
This is not the case for the (extrinsic) boundary condi-
tions. The Experimental Conditions Ontology (XCO) [21]
provides a rich vocabulary of experimental conditions
for phenotype experiments. The Measurement Method
Ontology (MMO) [21] can be used for specifying the
measurement method in descriptions of extrinsic experi-
mental settings. Because XCO and MMO are slightly out
of our scope we will not provide further details.

At the moment there exists no ontology for the teleo-
logical function of bio-models. In the next section we pro-
pose an ontology for both the intrinsic and the extrinsic
teleological function.

A new ontology for intentions of bio-models
In this section we provide first ideas for an ontology for
the teleological function of bio-models. For convenience,
we will call this proposed ontology MINTENTO (Mod-
elling Intention Ontology). Such an ontology would, for
example, facilitate computer support for the choice of
appropriate simulation types and methods based on inten-
tions. Such an ontology would also allow to place simula-
tion results in the context of the respective intentions. As a
consequence, this will ease the reuse of simulation results.

How could an ontology for the teleological function
of bio-models look like? Here we present first ideas for
MINTENTO. The teleological function of bio-models
comprises of two aspects: the extrinsic model use inten-
tions and the intrinsic intended use of the model fulfilling
the intentions. This reflects the difference between a func-
tion (here: “model use intention”) and its realisation (here:
“intended use”) which is also employed for the ontological
analysis of biological function by Burek et al. [22]. There
may exist realisedBy relations between classes of the
two main MINTENTO branches. A statement of the form
“A realisedBy B”, where A is a subclass of “model use
intention” and B is a subclass of “intended use”, means
for every instance a of A there is an instance b of B (a
process) such that the execution of b realises a. As a
consequence the instance level relation realises reads
as “fulfils or contributes to”.

In MINTENTO we want to cover both aspects and
appropriate realisedBy relations between them. To
grammatically reflect this distinction we use infinitive
verb forms (e.g. “to construct”) for model use intentions
and nouns for the realising processes (e.g. “construction”).
MINTENTO specialises the upper ontology BFO (Basic
Formal Ontology, [23]): “model use intention” is a subclass
of the BFO concept “snap:Function” and “intended use” is
a subclass of the BFO concept “span:Process”.
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The model use intentions for the investigation of a bio-
logical system are formulated in natural language. There
is a wide diversity of model use intentions. Morrison and
Morgan describe different high-level (teleological) func-
tions of models [5]. Summarising they state:

“[...] models fulfil a wide range of functions in building,
exploring and applying theories; in various
measurement activities; and in the design and
production of technologies for intervention in the
world.” ([5], p.24)

The set of ways how models can be used, provided by
Morrison and Morgan [5], is a good starting point for
an upper classification of general model use intentions.
Models are used “to construct (a theory)”, “to explore
(a theory)”, “to measure”, and “to intervene”. These four
upper level model use intentions are based on two dis-
tinctions: (1) A model “can mediate between theory and
the world” ([5], p.11), i.e. the model is either intended
“to affect theory” or “to affect reality”. (2) There is a dis-
tinction between using a model “to effect (something)”
and “to learn (something)” ([5], p.11). Figure 2 shows the
two distinctions and the resulting upper level model use
intentions.

In this paper we focus on dynamic and computational
bio-models. The intended use of this kind of model is
the simulation of the model’s dynamic behaviour. There
is also the possibility to mathematically analyse dynamic
properties of a bio-model without explicitly considering
any temporal behaviour. Therefore, the upper level of
the “intended use” branch of MINTENTO consists of
“simulation” and “analysis”. Simulations are further dif-
ferentiated into “elementary simulation” and “combined
simulation” (see Figure 3). An elementary simulation cal-
culates the temporal behaviour of the model for a single
model instantiation whereas a combined simulation con-
sists of several elementary simulations for different model
instantiations and integrates the single results into the
final outcome. An example for an elementary simulation
is a uniform time-course simulation, where the state of
the formal system specified by the model is calculated at
discrete equidistant time points. This simulation type is

model use intention

to affect theory

to effect

to construct to intervene

to learn

to explore to measure

to affect reality

Figure 2 Upper level of MINTENTO: model use intention. Upper
level terms for the “model use intention” branch of MINTENTO. The
edges represent subclass (is-a) relations.

intended use

simulation

elementary simulation combined simulation

analysis

Figure 3 Upper level of MINTENTO: intended use. Upper level
terms for the “intended use” branch of MINTENTO. The edges
represent subclass (is-a) relations.

covered by SED-ML Level 1 Version 1 [24]. A parame-
ter scan is an example for a combined simulation where
the scanned parameter is varied in the particular elemen-
tary simulations. The next SED-ML version is supposed to
provide mechanisms for defining combined simulations,
like sequential and nested simulations (cf. the website [25]
for current developments).

In order to illustrate such realisedBy relations
between model use intentions and intended use we look at
some common tasks (“model use intentions”), a bio-model
is used for: (1) “to approximate” observed behaviour, (2)
“to investigate” the variability in behaviour, (3) “to demon-
strate” the ability for specific kinds of behaviour, and (4)
“to explore” parameter influence on the behaviour. Each
task requires a different corresponding (realisedBy)
simulation type: (1) time series (eventually including
parameter fitting), (2) bifurcation analysis, (3) stability
analysis, and (4) parameter scan.

Related conceptual frameworks
In this section we will compare our conceptual framework
for the function of bio-models with related conceptuali-
sations from the fields of Artificial Intelligence, modelling
and simulation, functional modelling, and biology.

The dual intrinsic/extrinsic interpretation of bio-
models is rooted in the “knowledge representation
hypothesis” from Artificial Intelligence:

“Any mechanically embodied intelligent process will be
comprised of structural ingredients that a) we as
external observers naturally take to represent a
propositional account of the knowledge that the overall
process exhibits, and b) independent of such external
semantical attribution, play a formal but causal and
essential role in engendering the behavior that
manifests that knowledge.” ([26], p.15)

Simon generalises this duality to all kinds of artifacts
which serve as interfaces between an inner and an outer
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environment [27]. Rosen’s modelling relation [6] is a con-
gruence between an extrinsic/outer natural system and an
intrinsic/inner formal system established by a model.

As stated above, a conceptual framework provides
categories and relations between them which are
employed to capture relevant knowledge fragments.
There are other conceptual frameworks for modelling
and simulation in general [28,29], and in particular
for bio-modelling [12]. Our meaning facets, how-
ever, provide much more details and are more rigid,
i.e. they provide categories of finer granularity and
define them more precisely. Our meaning facets are
therefore a solid foundation for computer support for
modelling and simulation based on formal knowledge
representation.

Zeigler’s notion of an “experimental frame” [29] resem-
bles the model instantiation (conditional function) and
the experimental setup (pragmatical function) presented
in this paper. His experimental frame “is the operational
formulation of the objectives that motivate a modeling
and simulation project” ([29], p.27), i.e. it also describes
the teleological function of a model.

The field of functional modelling relates structure,
behaviour and function of engineering artifacts. Erden
et al. reviews the different approaches to formalise func-
tion and its relations to structure and behaviour [8]. Two
different notions of function are employed [8]: On the
one hand, function is mediating between structure and
behaviour and determines the “structural behaviours”, i.e.
all possible behaviours the model is able to show. This
is essentially what we call conditional and pragmatical
function, respectively. On the other hand, function refers
to the intentions of the modeller and restricts the possi-
ble behaviours to the “expected behaviours”. This notion
of function as purpose corresponds to our teleological
function. In short, functional modelling addresses “the
questions of what the device and its components do or
what the purpose of the device and its components are”
([8], p.149). Joining these two sides, function becomes
“the bridge between human intention and physical behav-
ior of artifacts” ([30], p.271). The distinction between
structural and expected behaviours originates from
Gero [31].

We transfer the notion of function in biology to mod-
elling in systems biology. There are some strong par-
allels between function in biology and function of bio-
models. The idea that function links between structure
and behaviour is deeply rooted in molecular biology, as,
e.g., stated by Lander:

“If one such behavior seems useful (to the organism), it
becomes a candidate for explaining why the network
itself was selected, i.e., it is seen as a potential purpose
for the network.” ([32], p.0712)

However, we will not discuss the notion of function in
biology further here. Krohs and Kroes compare the notion
of function in biology and technology and examines dis-
analogies and parallels [33].

There are some formal approaches to biological func-
tion. Ontologies like EcoCyc [34] and the Gene Ontology
[35] list molecular functions played by biological enti-
ties. Burek et al. presents an ontology of biological func-
tions which formalises three functional aspects [22]: the
so-called “function structure”, the realisation and the has-
function relation, which could be related to our teleolog-
ical, pragmatical and conditional function, respectively.
Because of the different knowledge domains of [22] and
our work, the two are not identical. We provide more
details on each functional aspect. However, the similarity
of these conceptualisation and the one presented in this
paper can be seen as further justification for transferring
the notion of biological function to bio-models.

Conclusion
We have applied the notion of function to dynamic models
in Systems Biology. Function is the link between the model
structure and the model behaviour. The intrinsic function
of bio-models describes three aspects of the model’s use:
Why should the model be used in simulation experiments
(teleological function)? Which model instance should be
used in simulation experiments (conditional function)?
How should the model be used in simulation experiments
(pragmatical function)? The extrinsic function of a bio-
model refers to the intentions of using the model in order
to address biological questions.

The presented conceptual framework of the functional
aspects of bio-models was used to systematise and review
corresponding formal accounts. Some functional aspects
are well covered by checklists, languages and associ-
ated ontologies. However, there are no checklists and
languages for the extrinsic teleological function. Closing
these gaps would improve the standardised descriptions
of biological experiments.

At the moment there also exists no ontology for the
model use intentions and the intended use of bio-models.
We outlined such an ontology, the Modelling Intention
Ontology (MINTENTO). Since this is ongoing work we
are only presenting first thoughts about MINTENTO
here. We nevertheless believe that these thoughts provide
an important starting point for developing an ontology for
the teleological function of bio-models. Next steps would
involve the incorporation of lower levels terms and the
specification of MINTENTO in some standard format like
OWL (Web Ontology Language, [36]).

Our ontological analysis of functional aspects of
dynamic models in Systems Biology and their use in simu-
lation experiments provides an important prerequisite for
formalising the involved knowledge. Ultimately, this will
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improve any computer-supported research method for
answering biological questions by means of bio-models.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CK developed the meaning facets framework and analysed the different
functional aspects of bio-models. CB supervised this work. Both authors read
and approved the final manuscript.

Acknowledgements
We acknowledge Johannes Kretzschmar, Uwe Krüger and Christian Schäufler
for valuable discussions about the topic.

Received: 17 January 2013 Accepted: 23 May 2013
Published: 8 October 2013

References
1. Hey T, Tansley S, Tolle K: Jim Gray on eScience: a transformed

scientific method. In The Fourth Paradigm: Data-Intensive Scientific
Discovery. Edited by Hey T, Tansley S, Tolle K: Microsoft Research 2009.
[http://research.microsoft.com/en-us/collaboration/fourthparadigm/
4th_paradigm_book_jim_gray_transcript.pdf]

2. Ideker T, Galitski T, Hood L: A new approach to decoding life: systems
biology. Annu Rev Genomics Hum Genet 2001, 2:343–372. [http://dx.doi.
org/10.1146/annurev.genom.2.1.343]

3. Sauro HM, Harel D, Kwiatkowska M, Shaffer CA, Uhrmacher AM, Hucka M,
Mendes P, Strömback L, Tyson JJ: Challenges for modeling and
simulation methods in systems biology. In Proceedings of the 38th
conference on Winter simulation, WSC ‘06, Winter Simulation Conference.
2006:1720–1730. [http://dl.acm.org/citation.cfm?id=1218112.1218425]

4. Kitano H: Computational systems biology. Nature 2002,
420(6912):206–210.

5. Morrison M, Morgan MS: Models as mediating instruments. In Models
as Mediators, Ideas in Context. Edited by Morgan MS, Morrison M:
Cambridge University Press; 1999. [http://dx.doi.org/10.1017/
CBO9780511660108.003]

6. Rosen R: Anticipatory Systems. Oxford: Pergamon Press; 1985.
7. Knüpfer C, Beckstein C, Dittrich P: Towards a semantic description of

bio-models: meaning facets – A case study. In Proceedings of the
Second International Symposium on Semantic Mining in Biomedicine (SMBM
2006), Jena, April 9–12, 2006, CEUR-WS. Edited by Ananiadou S, Fluck J.
Aachen: RWTH University; 2006:97–100. [http://sunsite.informatik.rwth-
aachen.de/Publications/CEUR-WS/Vol-177/poster_knuepfer.pdf]

8. Erden MS, Komoto H, van Beek T, D’Amelio V, Echavarria E, Tomiyama T:
A review of function modeling: approaches and applications.
AI EDAM 2008, 22(02):147–169. [http://dx.doi.org/10.1017/
S0890060408000103]

9. Knüpfer C, Beckstein C, Dittrich P, Novère NL: Structure, function, and
behaviour of computational models in systems biology. BMC Syst Biol
2013, 7:43. [http://www.biomedcentral.com/1752-0509/7/43]

10. Waltemath D, Adams R, Beard DA, Bergmann FT, Bhalla US, Britten R,
Chelliah V, Cooling MT, Cooper J, Crampin EJ, Garny A, Hoops S, Hucka M,
Hunter P, Klipp E, Laibe C, Miller AK, Moraru I, Nickerson D, Nielsen P,
Nikolski M, Sahle S, Sauro HM, Schmidt H, Snoep JL, Tolle D,
Wolkenhauer O, Le Novère N: Minimum Information About a
Simulation Experiment (MIASE). PLoS Comput Biol 2011, 7(4):e1001122.
[http://dx.doi.org/10.1371/journal.pcbi.1001122]

11. Machamer P, Darden L, Craver CF: Thinking about mechanisms.
Philos Sci 2000, 67:1–25. [http://www.jstor.org/stable/188611]

12. Chelliah V, Endler L, Juty N, Laibe C, Li C, Rodriguez N, Novère NL:
Data integration and semantic enrichment of systems biology
models and simulations. Data Integration Life Sci 2009:5–15. [http://dx.
doi.org/10.1007/978-3-642-02879-3_2]

13. Taylor CF, Field D, Sansone SA, Aerts J, Apweiler R, Ashburner M, Ball CA,
Binz PA, Bogue M, Booth T, Brazma A, Brinkman RR, Michael Clark A,
Deutsch EW, Fiehn O, Fostel J, Ghazal P, Gibson F, Gray T, Grimes G,
Hancock JM, Hardy NW, Hermjakob H, Julian RK, Kane M, Kettner C,
Kinsinger C, Kolker E, Kuiper M, Le Novère N, Leebens-Mack J, Lewis SE,
Lord P, Mallon AM, Marthandan N, Masuya H, McNally R, Mehrle A,

Morrison N, Orchard S, Quackenbush J, Reecy JM, Robertson DG,
Rocca-Serra P, Rodriguez H, Rosenfelder H, Santoyo-Lopez J,
Scheuermann RH, Schober D, Smith B, Snape J, Stoeckert CJ, Tipton K,
Sterk P, Untergasser A, Vandesompele J, Wiemann S: Promoting
coherent minimum reporting guidelines for biological and
biomedical investigations: the MIBBI project. Nat Biotech 2008,
26(8):889–896. [http://dx.doi.org/10.1038/nbt.1411]

14. Brazma A, Hingamp P, Quackenbush J, Sherlock G, Spellman P, Stoeckert
C, Aach J, Ansorge W, Ball CA, Causton HC, Gaasterland T, Glenisson P,
Holstege FC, Kim IF, Markowitz V, Matese JC, Parkinson H, Robinson A,
Sarkans U, Schulze-Kremer S, Stewart J, Taylor R, Vilo J, Vingron M:
Minimum information about a microarray experiment (MIAME) –
toward standards for microarray data. Nat Genet 2001, 29(4):365–371.
[http://dx.doi.org/10.1038/ng1201-365]

15. Lee JA, Spidlen J, Boyce K, Cai J, Crosbie N, Dalphin M, Furlong J,
Gasparetto M, Goldberg M, Goralczyk EM, Hyun B, Jansen K, Kollmann T,
Kong M, Leif R, McWeeney S, Moloshok TD, Moore W, Nolan G, Nolan J,
Nikolich-Zugich J, Parrish D, Purcell B, Qian Y, Selvaraj B, Smith C,
Tchuvatkina O, Wertheimer A, Wilkinson P, Wilson C, Wood J, Zigon R,
Scheuermann RH, Brinkman RR: MIFlowCyt: The minimum information
about a flow cytometry experiment. Cytom Part A 2008,
73A(10):926–930. [http://dx.doi.org/10.1002/cyto.a.20623]

16. Waltemath D, Adams R, Bergmann F, Hucka M, Kolpakov F, Miller A,
Moraru I, Nickerson D, Sahle S, Snoep J, Le Novere N: Reproducible
computational biology experiments with SED-ML - The simulation
experiment description markup language. BMC Syst Biol 2011, 5:198.
[http://www.biomedcentral.com/1752-0509/5/198]

17. Hucka M, Finney A, Sauro HM, Bolouri H, Doyle JC, Kitano H, Arkin AP,
Bornstein BJ, Bray D, Cornish-Bowden A, Cuellar AA, Dronov S, Gilles ED,
Ginkel M, Gor V, Goryanin II, Hedley WJ, Hodgman TC, Hofmeyr JHS,
Hunter PJ, Juty NS, Kasberger JL, Kremling A, Kummer U, Le Novère N,
Loew LM, Lucio D, Mendes P, Minch E, Mjolsness ED, Nakayama Y,
Nelson MR, Nielsen PF, Sakurada T, Schaff JC, Shapiro BE, Shimizu TS,
Spence HD, Stelling J, Takahashi K, Tomita M, Wagner JM, Wang J: The
systems biology markup language (SBML): a medium for
representation and exchange of biochemical network models.
Bioinformatics 2003, 19(4):524–531.

18. Wittig U, Kania R, Golebiewski M, Rey M, Shi L, Jong L, Algaa E,
Weidemann A, Sauer-Danzwith H, Mir S, Krebs O, Bittkowski M, Wetsch E,
Rojas I, Müller W: SABIO-RK – database for biochemical reaction
kinetics. Nucleic Acids Res 2012, 40(Database issue):790–796.
[http://www.ncbi.nlm.nih.gov/pubmed/22102587]

19. Belhajjame K, Jones AR, Paton NW: A toolkit for capturing and sharing
FuGE experiments. Bioinformatics 2008, 24(22):2647–2649.
[http://www.ncbi.nlm.nih.gov/pubmed?term=10.109310.1093
%2Fbioinformatics%2Fbtn496]

20. Courtot M, Juty N, Knüpfer C, Waltemath D, Zhukova A, Dräger A,
Dumontier M, Finney A, Golebiewski M, Hastings J, Hoops S, Keating S,
Kell DB, Kerrien S, Lawson J, Lister A, Lu J, Machne R, Mendes P, Pocock M,
Rodriguez N, Villeger A, Wilkinson DJ, Wimalaratne S, Laibe C, Hucka M,
Le Novére N: Controlled vocabularies and semantics in systems
biology. Mol Syst Biol 2011, 7:543. [http://dx.doi.org/10.1038/msb.2011.
77]

21. Shimoyama M, Nigam R, McIntosh LS, Nagarajan R, Rice T, Rao DC,
Dwinell MR: Three ontologies to define phenotype measurement
data. Front Genet 2012, 3:87–87. [http://www.ncbi.nlm.nih.gov/pubmed/
22654893]

22. Burek P, Hoehndorf R, Loebe F, Visagie J, Herre H, Kelso J: A top-level
ontology of functions and its application in the Open Biomedical
Ontologies. Bioinformatics 2006, 22(14):e66–e73. [http://bioinformatics.
oxfordjournals.org/content/22/14/e66.abstract]

23. Basic Formal Ontology (BFO) [http://www.ifomis.org/bfo/]
24. Waltemath D, Bergmann FT, Adams R, Le Novère N: Simulation Experiment

Description Markup Language (SED-ML): level 1 version 1; 2011.
25. Simulation Experiment Description Markup Language (SED-ML)

[http://sed-ml.org/]
26. Smith BC: Procedural Reflection in Programming Languages.

PhD thesis, Massachusetts Institute of Technology 1982. [http://
publications.csail.mit.edu/lcs/specpub.php?id=840]

27. Simon HA: The Sciences of the Artificial. Cambridge: MIT Press; 1969.

http://research.microsoft.com/en-us/collaboration/fourthparadigm/4th_paradigm_book_jim_gray_transcript.pdf
http://research.microsoft.com/en-us/collaboration/fourthparadigm/4th_paradigm_book_jim_gray_transcript.pdf
http://dx.doi.org/10.1146/annurev.genom.2.1.343
http://dx.doi.org/10.1146/annurev.genom.2.1.343
http://dl.acm.org/citation.cfm?id=1218112.1218425
http://dx.doi.org/10.1017/CBO9780511660108.003
http://dx.doi.org/10.1017/CBO9780511660108.003
http://sunsite.informatik.rwth-aachen.de/Publications/CEUR-WS/Vol-177/poster_knuepfer.pdf
http://sunsite.informatik.rwth-aachen.de/Publications/CEUR-WS/Vol-177/poster_knuepfer.pdf
http://dx.doi.org/10.1017/S0890060408000103
http://dx.doi.org/10.1017/S0890060408000103
http://www.biomedcentral.com/1752-0509/7/43
http://dx.doi.org/10.1371/journal.pcbi.1001122
http://www.jstor.org/stable/188611
http://dx.doi.org/10.1007/978-3-642-02879-3_2
http://dx.doi.org/10.1007/978-3-642-02879-3_2
http://dx.doi.org/10.1038/nbt.1411
http://dx.doi.org/10.1038/ng1201-365
http://dx.doi.org/10.1002/cyto.a.20623
http://www.biomedcentral.com/1752-0509/5/198
http://www.ncbi.nlm.nih.gov/pubmed/22102587
http://www.ncbi.nlm.nih.gov/pubmed?term=10.109310.1093%2Fbioinformatics%2Fbtn496
http://www.ncbi.nlm.nih.gov/pubmed?term=10.109310.1093%2Fbioinformatics%2Fbtn496
http://dx.doi.org/10.1038/msb.2011.77
http://dx.doi.org/10.1038/msb.2011.77
http://www.ncbi.nlm.nih.gov/pubmed/22654893
http://www.ncbi.nlm.nih.gov/pubmed/22654893
http://bioinformatics.oxfordjournals.org/content/22/14/e66.abstract
http://bioinformatics.oxfordjournals.org/content/22/14/e66.abstract
http://www.ifomis.org/bfo/
http://sed-ml.org/
http://publications.csail.mit.edu/lcs/specpub.php?id=840
http://publications.csail.mit.edu/lcs/specpub.php?id=840


Knüpfer and Beckstein Journal of Biomedical Semantics 2013, 4:24 Page 9 of 9
http://www.jbiomedsem.com/content/4/1/24

28. Klir GJ: Architecture of Systems Problem Solving. New York:
Plenum Press; 1985.

29. Zeigler BP, Praehofer H, Kim TG: Theory of Modeling and Simulation.
2 edition. Academic Press; 2000.

30. Umeda Y, Tomiyama T: FBS modeling: modeling scheme of function
for conceptual design. In Working Papers of the 9th Int. Workshop on
Qualitative Reasoning About Physical Systems, Amsterdam. 1995:271–278.

31. Gero JS: Design prototypes: a knowledge representation schema for
design. AI Mag 1990, 11(4):26–36. [http://portal.acm.org/citation.cfm?id=
95793]

32. Lander AD: A calculus of purpose. PLoS Biol 2004, 2(6):e164.
[http://dx.doi.org/10.1371%2Fjournal.pbio.0020164]

33. Krohs U, Kroes P: Philosophical perspectives on organismic and
artifactual functions. In Functions in Biological and Artificial Worlds:
Comparative Philosophical Perspectives, Vienna Series in Theoretical
Biology. Edited by Krohs U, Kroes P: MIT Press; 2009.

34. Karp PD: An ontology for biological function based on molecular
interactions. Bioinformatics 2000, 16(3):269–285.

35. Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP,
Dolinski K, Dwight SS, Eppig JT, Harris MA, Hill DP, Issel-Tarver L, Kasarskis
A, Lewis S, Matese JC, Richardson JE, Ringwald M, Rubin GM, Sherlock G:
Gene Ontology: tool for the unification of biology. Nat Genet 2000,
25:25–29.

36. W3C OWL Working Group: OWL 2 web ontology language: document
overview. 2009. [http://www.w3.org/TR/2009/REC-owl2-overview-
20091027/]

doi:10.1186/2041-1480-4-24
Cite this article as: Knüpfer and Beckstein: Function of dynamic models
in systems biology: linking structure to behaviour. Journal of Biomedical
Semantics 2013 4:24.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://portal.acm.org/citation.cfm?id=95793
http://portal.acm.org/citation.cfm?id=95793
http://www.w3.org/TR/2009/REC-owl2-overview-20091027/
http://www.w3.org/TR/2009/REC-owl2-overview-20091027/

	Abstract
	Background
	Results
	Conclusion

	Background
	Meaning facets of bio-models

	Conceptual framework for the function of bio-models
	Teleological function
	Conditional function
	Pragmatical function

	Formal approaches to the function of bio-models
	Checklists
	Languages
	Ontologies

	A new ontology for intentions of bio-models
	Related conceptual frameworks
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


