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ABSTRACT 
This chapter motivates and discusses the process of making a simulation model available for others to 
freely inspect and use. Firstly it outlines the three reasons why this is necessary: democratic right, 
scientific scrutiny and public value extraction.  Then it describes the basic steps for doing this, including: 
making code comprehensible, documentation and licensing. It then describes some further things one 
might do when releasing a complex model to help ensure it is understood and re-used appropriately.  It 
briefly looks as some tools and approaches to help in all this, and ends with a discussion about the change 
in underlying “modelling culture” that is needed. 

INTRODUCTION 

While preparing and making ones simulation model public might be at the last thing on the mind of its 
developer, this is a crucial step in terms of the public benefit to be gained from their effort. This chapter 
looks at this in the context of simulation modelling, discusses the arguments for it and then outlines some 
of the necessary steps to make it effective.  In particular, it aims to do the following. 

• Motivate the reader as to the importance of open modelling practices 

• Help the reader understand the various steps that are necessary to making this a reality 

• Suggest further steps to help ensure that particularly complex models are understood 

• Describe some tools and approaches that will aid in this process 

• Discuss some of the underlining changes to the “culture of modelling” needed 

BACKGROUND 

The phrase “Open Data” has become a banner under which a campaign has developed to make the data 
gathered by various institutions available to the public with relatively light conditions upon its subsequent 
use (Auer et al. 2007).  The campaign has focussed upon publicly funded institutions, such as government 
authorities and universities but has also included government subcontractors and even private companies. 

Open Data allows for the development of several benefits, namely that the data are available for checking 
against other sources of evidence; that any mistakes or distortions are more likely to be detected; it allows 
a better understanding of the recommendations that such institutions make through access to the 
underlying data; it allows a deeper democratic debate; and finally the extraction of further value from that 
data is possible via subsequent use, allowing for a wealth of secondary services to be built.   

The reasons put forward against opening access to data might include worries over privacy; the wish to 
protect internal processes; the subsequent reluctance to collect data that might be embarrassing in the first 
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place; the cost of preparing data for release; and a wish to commercially exploit or sell the data 
themselves.  However, it is being increasingly realised that data can be a valuable public asset and that the 
people who have ultimately paid for the data have a greater right to it than the particular institutions who 
created it. 

Here we intend the phrase “Open Modelling” to be similar to that of “Open Data”, except that in this case 
it is indicated that it is the models rather than the data that are to be made widely accessible. Thus Open 
Modelling is the practice of making ones models available to others.  Here we are mostly concerned with 
simulation models, but a lot of what is discussed below would apply to any kind of complex model.  

MAIN FOCUS OF THE CHAPTER 

The Purposes of Open Modelling 
Similar to Open Data, Open Modelling has the potential to deliver a number of benefits to wider society, 
with the underlying motivations of democratic right, scientific scrutiny and public value extraction, which 
are now discussed. 

Democratic right.  Citizens have a right to understand how the decisions that affect them are made.  If 
models are being used as part of the policy development process, then the formulation of those models 
will have an impact on those decisions.  In this case, if citizens are not to be disadvantaged in the debate 
over policy, they need access to the same range of evidence and tools as those proposing policy, including 
the details of any models used. 

There are two, closely related, arguments against this: that the wider public will not be able to understand 
such models (so it is a waste of time to provide access), and that they will misinterpret/use them (in other 
words, these matters are best left to the institutional experts).  However these arguments could be made 
against the release of any technical or statistical data.  In practice what happens is that a variety of 
specialists from pressure groups or academia, who have the skills, will inspect, analyse and critique the 
models and present their conclusions to each other and, if they have enough public import, to a wider 
audience.  These practices mediate the understanding and critique of models, just as academics and 
journalists might do for other technical information.  The value to the wider public is still real, even if it is 
(as with many aspects of life) mediated and provided by an “ecology” of information analysts, brokers 
and political actors.  This is how an open and democratic society should ideally work, and the inclusion of 
models in the mix would simply extend the openness and the scope of potential debate1. 

Scientific scrutiny.  Modelling is a technically tricky process – one in which it is easy to make 
unintentional mistakes. It is easy to fool yourself with models and come to false conclusions from them, 
even if the papers and other documents about them have been extensively reviewed (e.g. as documented 
in Edmonds and Hales 2003).  The fact is that models are increasingly complex objects that are 
impossible to completely check by inspection or testing of their code. 

                                                        

 

 
1	Arguably,	this	is	how	science	itself	works.	
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Ultimately the most thorough way of checking models is by having an independent, or even hostile, 
modeller inspect, re-implement and re-analyse the properties of a model, looking for bugs, hidden 
assumptions, vulnerabilities and contestable interpretations of its properties.  Making sufficient 
documentation of the code available to potential critics is essential for this purpose.  However models can 
be so complex that it is likely that not all details might be so adequately described, so it is important that 
the code should be accessible to check details when other means fail. 

In this way models can be the unambiguous elements in a wider social process of analysis and 
improvement, resulting in a higher quality and reliability of models, with a greater understanding of their 
assumptions and conditions of application.  This is the key importance of using formal models within the 
scientific process (Edmonds 2000). Unless models and sufficient documentation are made available this 
cannot happen. 

There are no substantial arguments against this purpose, apart from the potential embarrassment from 
model developers about mistakes and weaknesses being exposed.  This is a matter of maturity; of an 
acceptance that one will necessarily not be able to evaluate one’s own creation completely, any more than 
poets or authors will be able to evaluate their own work.  We contend that modelling is better done as a 
collective exercise than one characterised by “heroic” individual achievement. The wish to manage one’s 
own reputation by preventing mistakes being discovered is easily trumped by the need for better tested, 
better understood and more reliable models. 

Both the purposes of democratic right and scientific scrutiny can be seen as special cases of Popper’s 
arguments for the falsifiability of statements (Popper 1963) and the desirability for openness within a 
democratic society (Popper 1967).  The more a model is open to its deficiencies being revealed, the better 
the public, longer-term, outcome.  Thus merely making a model available, whilst seeking to control and 
limit criticism of it (e.g. by making the code obscure or impossible to run), is not attaining the ideal of 
open modelling.  Openness that borders on seeking criticism (rather than merely tolerating it) marks out 
science from other social phenomena. 

Public value extraction. Rigorous modelling requires a great deal of effort.  There are many stages to 
good modelling practice (including exploration, design, implementation, verification, validation, 
documentation, publication) each of which require time and skill, and many of which are tedious to do 
properly. Thus, if a model achieves something substantial, it can be a thing of considerable value, 
enabling its owners to forecast and/or understand processes that others cannot (without expending the 
same level of effort).   If this has been developed using private resources, then it is understandable that its 
developers might wish to have a monopoly over the use and/or licensing of their code to gain profit from 
this investment2.  However, if it is ultimately public money that has funded the development of a model 
(e.g. within a government or academic institution) then, usually, the public has a right to access the value 
created. 

Thus the ability to reuse a model (or parts of it) for new purposes by other people can allow more value to 
be gained from modelling effort.  For example: a simplified version of a well-known model might be used 

                                                        

 

 
2	However	in	this	case	there	must	be	a	doubt	concerning	the	extent	to	which	such	a	product	could	be	trusted	
without	scientific	scrutiny,	and	a	lack	of	openness	should	limit	its	role	in	democratic	debates,	following	the	
above	arguments.	
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for teaching purposes, the model combined with others to make a composite model, or a particularly 
useful set of routines in the model extracted for reuse elsewhere. 

Reusing models or parts of them is not without difficulty or its own dangers. A model produced for one 
purpose in one context may be subtly unsuitable for another (Edmonds and Hales 2005).  To safely reuse 
a model for another purpose requires understanding the assumptions and limitations of a model, so the 
standard of the documentation is important.  Similar dangers are inherent in the use of any analytic tool 
that is widely available, such as statistical techniques, but these are relatively generic so that the effort in 
understanding when and how they can be used is more likely to be worth it.  However, even if a model is 
of use to only one other purpose, for someone who puts in the effort of understanding it sufficiently, 
making it open has created value that would otherwise have been lost.   

The benefits of scientific scrutiny and public value extraction lie behind all open source software, and so 
many of the same protocols and techniques used there apply to Open Modelling.  However, as we shall 
see, the particular complexities and uses of models do create some differences and difficulties that need to 
be addressed. 

Basic Steps for Making Models Open 
Current practice in opening models is to accompany academic papers using them with making them 
publicly available on an internet page, archive or repository using an appropriate software licence. 
Popularly used repositories include GitHub and SourceForge, and there are specialist archives such as 
openabm.org, which can be used for agent-based models. Some practitioners make use of their own 
personal or institutional webpages for releasing software. There are advantages and disadvantages with 
each. Institutional or personal webpages provide the licensor with greater control over the release of 
software and tracking downloads, but web addresses are less likely to be permanent, and they do not 
provide an opportunity for others to make contributions or ‘fork’ the product in a transparent way. 
Repositories such as openabm.org are useful for developing a community of practice in a particular 
modelling approach, but may also have issues with persistence if funding to support them is not 
maintained. Other software repositories offer tools to help with bug-tracking and community 
contributions, but are vulnerable to institutional changes, such as a previously free service being changed 
to one that is available for a fee. 

Licensing is a very important, but often overlooked, aspect of making software open. The default 
position, without any specific licence, is that software is not open from the instant it is created. In earlier 
work (Polhill and Edmonds 2007), we reviewed the requirements for licensing modelling software needed 
to ensure that proper scientific discourse can be conducted legally. All these rights, necessary for science, 
are prohibited by default without a licence explicitly permitting them: 

• the unrestricted right to run the software, possibly under ‘perverse’ conditions, to understand how 
it works; 

• inspecting the source code; 

• modifying the source code; 

• redistributing the software and any modifications thereof; 

• obliging the licensee to redistribute the software under an equivalent licence (so-called ‘copyleft’ 
protection). 
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Arguably some of these rights need to be strengthened to obligations for the purposes of scientific 
discourse, and there may be further obligations that should be placed on the licensee for these purposes. 
For example: 

• If you take someone else’s software, make modifications to it and publish the results in a journal 
article, then you should be obliged to redistribute the modified version. 

• If you use someone else’s software in a journal article, with or without modifications, then there 
may be articles in the literature you should be obliged to cite. 

Our earlier review did not find any licence that met all these criteria, but the Academic Free and GNU 
General Public Licences were closest. 

Releasing models used in academic literature on the web using an appropriate licence, though it includes 
a number of important steps, is still insufficient to make models open. Effectively, the only guaranteed 
documentation for the model is the academic paper accompanying it. If the paper is only available for 
subscribers of the journal, then that documentation, even if it were adequate, is not universally accessible, 
particularly to members of the public whose taxes may have funded the work. If the model has been used 
for several such papers, the associated software may have been revised, so it is not necessarily clear 
which version of the software is associated with which paper. The kind of detail required to understand a 
computer program is in any case not typically available in a journal article. Documentation protocols for 
journal articles such as Grimm et al.’s (2006; 2010) ODD3 protocol only ensure (if properly followed) 
that the reader could reimplement the model the authors describe; they do not guarantee that the particular 
software used will be comprehensible. ODD already includes more detail than journal editors are 
typically willing to tolerate, so it is clear that making further documentation available is necessary to 
make a model open. 

NetLogo (Wilensky, 1999) is a popularly-used rapid prototyping environment for agent-based models that 
encourages model developers to provide more documentation by including an ‘info’ tab on its GUI.4 The 
info tab provides suggested sections for the developer to complete, including a brief description of what 
the model is for, how it works and how to use it, as well as suggested experiments with model parameters 
and extensions to the model that would improve it in some way. 

Volker Grimm, Amelie Schmolke and colleagues (2010; 2011) have devised the TRACE protocol to 
outline the documentation needed for accessible modelling. The protocol outlines an eleven-section 
document grouped into three areas: model development, model testing and analysis, and model 
application. Though this may seem unduly burdensome to time-pressed academics, the TRACE protocol 
was devised from a review of the literature on good modelling practice when using ecological and 
environmental models for decision support (Schmolke et al. 2010). The protocol also follows their 
particular conceptualisation of the modelling cycle. Though there are several such conceptualisations (e.g. 
Jakeman et al. 2006; Dray et al. 2006; Livet et al. 2010), the more general point is that any perceived 
burden in providing such documentation can be lessened if it is embedded into the model development 
process. 

                                                        

 

 
3	Overview,	Design	concepts	and	Details	
4	Graphical	User	Interface	
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Interestingly, the TRACE documentation does not include provision of standard computing 
documentation such as a user guide or programmer’s guide. Both are arguably important in improving the 
accessibility of modelling software. A user guide makes it easier for someone to get the model working – 
something particularly important for larger scale models that may have several input data or configuration 
files. A programmer’s guide (rarely if ever provided for models) facilitates making changes to model 
code. Unlike TRACE, documentation such as user and programmer’s guides may need to be modified by 
someone making modifications to the code, and the revised documentation redistributed. Here again the 
default legal situation prohibits such actions, and the GNU Free Documentation Licence5 was devised to 
allow the legal rights needed to make and redistribute modifications in this situation. 

It is rare nowadays for anyone to argue that software used to generate scientific results should not be open 
source, not least because reports from those attempting replication typically state that access to the source 
code has been important (e.g. Wilensky and Rand 2007). However, researchers can find themselves 
coming into conflict with their employer’s intellectual property protection policies when trying to release 
source code from software they have developed. Institutional obstacles such as this require a community 
effort to overcome, and include a culture in which scientific publications using modelling software are not 
accepted without accompanying source code, and funding bodies (especially those using taxpayers’ 
money) make the public release of modelling software a contractual obligation. 

There is more to the release of the source code in opening models than implied by a strict interpretation of 
the word ‘release’. The source code is a document itself, and if made publicly available, should be written 
such that others can read it. Most programming languages provide syntax for comments in the source 
code (text in the source code that is ignored by the compiler or interpreter), and such comments are 
another aspect of documentation. The Java programming language provides tools that if properly used can 
be used to develop programmer’s guides automatically from comments in the code. As modellers, 
however, there are further potential uses for comments in identifying the provenance of the code: the 
theories or interview and survey data on which specific sections of it may be based. This can be critical in 
understanding (and debating) why a model was implemented in a particular way, or a certain algorithm 
was chosen for some aspect of the model rather than any of the other options available. The social 
sciences are not (yet6) sufficiently settled that one algorithm for representing such things as decision-
making or social interaction is clearly superior to all other options in all cases. 

More generally, good programming practice is a very important aspect of making a model open. The 
tongue-in-cheek International Obfuscated C Code Contest7 is a testament to the fact that it is possible to 
write computer programs in ways that are difficult to understand. Many of the tricks used by entries to 
this contest, such as unreadable code layout (typically to make a piece of ASCII art8) or using obscure or 
non-standard language features, can be instructive in learning how to write better, more readable code. 
                                                        

 

 
5 http://www.gnu.org/copyleft/fdl.html 
6	…	or	rather,	arguably	never	will	be	…	
7 http://www.ioccc.org/ 
8	ASCII	art	is	an	art	form	in	which	alphanumeric	and	other	characters	in	the	American	Standard	Code	for	
Information	Interchange	character	set	are	used	to	make	a	picture.	Possibly	the	most	extreme	example	is	its	
use	to	make	an	animation	of	a	well-known	science	fiction	film	stereotypically	popular	among	people	who	
write	computer	programs:	http://www.asciimation.co.nz/	
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The role of laying code out neatly in facilitating its comprehensibility is often underestimated. IDEs9 such 
as Eclipse10 provide tools to specify code layout rules allowing automatic formatting of the source code 
text, and programming languages such as Python11 enforce some aspects of good code layout practice 
syntactically. 

More formally, the concept of ‘anti-patterns’ (Brown et al. 1998), though applied more broadly than 
programming, can be helpful in outlining practices to avoid because they are known through extensive 
experience in software development to cause problems in debugging, extending and maintaining code. 
The literature on automatically identifying authors by examining source code (e.g. Krsul and Spafford 
1997; Ding and Samadzadeh 2004) suggests that programmers have sufficiently idiomatic styles to make 
this feasible. Guidance on avoiding pitfalls that make code difficult to understand may therefore be more 
useful than prescriptive standards forcing people to write programs in a manner that does not support the 
way they think. Fowler’s (2000) edited collection of tips for improving (‘refactoring’) code, though 
focused on object-oriented programming languages, makes concrete suggestions for how to avoid anti-
patterns.  

One of the most important anti-patterns is the ‘magic number’, which entails the unexplained appearance 
of a number in source code. In modelling software, this could apply to parameters or input data being 
hard-coded as literals, e.g. “if(income < 10000) { look_for_another_job(); }”. One way of detecting the problem 
is if you find yourself recompiling your model each time you want to run it with different settings. The 
danger with this is that you lose the particular configuration of the code that led to a reported result.12  
Most agent-based modelling software tools and libraries help avoid this by providing utilities to specify 
parameters on the model GUI, or load them in from a file. However, this shifts the problem to 
remembering which parameter and/or input data files were associated with which output from the model. 
Although metadata tools can be deployed to assist with this problem, it can also be avoided by recording 
parameter and input data settings in model output files. NetLogo’s “BehaviorSpace” tool, for example, 
records the parameter settings associated with each measured output. 

Hence, best practice with modelling is that the program itself doesn’t stand alone, but should be expected 
to have numbers of supporting files that the program reads to configure its behaviour and that of the 
model it implements. A mature piece of modelling software that has been used for a number of pieces of 
work may have several options for implementing submodels in different ways, each of which may have 
different parameterisation requirements and associated files. Similarly, models making extensive use of 
empirical data may need several files containing these data, which are used to initialise different objects 
or agents in the model, and to provide time-series data for exogenous variables (those that influence, but 
are not influenced by the model’s dynamics). Ideally, these files would all be in standard formats that can 
be read and edited by other software, such as CSV,13 XML14 or JSON.15 Binary formats (as opposed to 
                                                        

 

 
9	Integrated	Development	Environment	
10 http://www.eclipse.org/ 
11 http://www.python.org/ 
12	The	anti-pattern	of	using	comments	to	enable/disable	pieces	of	code	can	also	lead	to	this	problem.	If	you	
find	yourself	wanting	to	do	this,	consider	using	a	parameter	to	select	which	option	you	want	to	use.	
13	Comma	Separated	Values	–	can	be	imported	to	and	exported	from	most	spreadsheet	and	database	software.	
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plain text) are particularly to be avoided, both because they are difficult to read (without specialist 
supporting software), and because the way different computing architectures store numbers affects their 
portability unless appropriate precautions are taken when reading and writing the files in a program 
operating on them. 

Providing open access to the model therefore entails providing the supporting files as well as the source 
code of the software itself. This is a potentially contentious issue, particularly for social simulations, 
where there may be confidentiality agreements with respondents modelled in the software that preclude 
providing the supporting files actually used in generating a reported result. Further, and more generally, 
the model may have used supporting data (e.g. map data) under a licence that prohibits its redistribution. 
Both these issues can be circumvented by providing examples supporting files that have statistically 
similar properties to those originally used, and when used with the model, generate similar output.16 
Though it may seem burdensome to do so, it is arguably a useful exercise as part of the sensitivity 
analysis of the model – something the TRACE protocol gives an entire section of documentation to in the 
area of ‘model testing and analysis’ (Schmolke et al. 2010). 

For some models, supporting files may include ‘scripts’17 deployed to prepare input data for use by the 
model, run sensitivity analyses exploring parameter space, and process and analyse output files generated 
by the model. These scripts (for those able to read the language in which they are written) can themselves 
act as documentation of use cases of the model, and are particularly useful in recording exactly how a 
particular result was generated, from source data to the graph or table of results in the journal article. 
Since they are computer programs, they too will be covered by copyright legislation, and making them 
available will require their release using an appropriate licence. 

To summarise the above, the following steps should be taken to make a model open: 

• Ensure the source code is well structured, neatly laid out and commented. Use comments not only 
to assist with understanding what the code is doing, but also to annotate the code where 
appropriate with any provenance explaining how the model came to be implemented in a 
particular way. 

• Self-archive journal articles based on the model as soon as the copyright transfer agreement with 
the journal allows, or publish them in open-access journals. 

• Release the software on the web at an address that you reasonably expect to have a degree of 
permanence, using a suitable software licence. If you do not use a repository or archive, then you 

                                                                                                                                                                                   

 

 
14	eXstensible	Markup	Language	–	a	rather	verbose	machine-readable	format	with	a	tree-like	document	
structure	and	metadata	‘tags’	providing	some	description	of	what	the	data	in	the	file	are.	
15	JavaScript	Object	Notation	–	a	more	efficient	format	for	metadata-tagged	tree-like	documents	often	used	
instead	of	XML.	
16	Axtell	et	al.	(1996)	identify	levels	of	similarity	that	could	apply,	from	exact	numerical	replication	(an	
unrealistic	goal	for	all	but	the	simplest	models)	to	qualitative	similarity.	
17	A	script	is	a	relatively	short	computer	program	written	in	an	interpreted	language	such	as	Shell,	Perl	or	(for	
statistical	analysis)	R	that	is	typically	used	to	automate	a	series	of	operations	performed	by	the	user.	
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should make a reasonable effort to link from your personal page to other webpages that release 
subsequent versions of your software. 

• Apply version management to the software to ensure that access can be provided to the specific 
software used for a particular publication. 

• Accompany the release of the software with any supporting input data or parameter files and 
scripts used to set up, run or analyse the results of the model. 

• Provide supporting documentation on the software, using a suitable licence if that documentation 
might need to be amended or redistributed by anyone modifying your software. 

Further Issues for Complex Models 
However, models are becoming increasingly complex. So that even given that all of the above steps are 
taken, a model may be still difficult to understand and reliably use by anyone else. (Of course the creators 
of a model might find it difficult to understand and use their own models, but we are not concentrating on 
that case here.)  If such complex models are to be reused, we are faced with the inevitability of have to 
use models we do not fully understand and cannot fully analyse.  That is, the models are to different 
extents, opaque to us.  This 'opaqueness' causes new problems for the sharing of knowledge encapsulated 
as very complex simulation models.  In particular, if a model is developed for one purpose/context but 
then reapplied in another, how are we to know if we can rely upon its results?  There are no final answers 
to these further difficulties, but some directions of travel are discussed in this section.  Each of these goes 
a little way towards ameliorating the problem without completely solving it. 

Post-implementation Simulation Behaviour 
With a complex model, the code and the specification is not enough to give a good understanding of what 
happens when this is run.  Rather we need to give as many "views" of the model as possible, with its 
explicit, micro-level, description only being one (however theoretically complete).  These views could 
include: 

• A characterisation of some typical behaviour, including textual description, graphs, and other 
values, that give a feel for what sort of simulation one might expect 

• Tables of the average values of measurements on the outcomes that encapsulate what has been 
claimed as the key properties of the simulation.  This can be used to check a reimplementation, or 
show how simulation behaviour has changed when the model is adapted or used on new data 

• A sensitivity analysis, composed of graphs showing how relevant indicators of outcomes change 
with the variation of parameters. This may be either shown using an average of these measures 
with indicators of the spread of these, or the individual trajectories shown for chosen parameter 
values 

• Visualisations of the outcomes that give more of a ‘holistic’ picture of the behaviour of the 
simulation under different circumstances. 

• Case studies of some of the micro-level behaviour that can result, for example the history of a 
single agent or group in the simulation. 

In this way a more complete idea of the simulation can be formed by the next user of the simulation, and 
thus be more likely to be understood and thus mistakes concerning its use and interpretation avoided. 
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Relationship with Other Models 
Another way of ensuring the integrity of model use and adaption is by specifying its relationship with 
other models. This can be done in a variety of ways, relating models of different kinds, granularities and 
levels of abstraction.  We will only discuss a few of the possibilities here, but the general idea is that the 
more closely related another model is, and the more formally is the relationship specified then the more 
helpful this is. 

Often there might be some formal, or semi-formal, documentation made in the process of the 
development of the model – something akin to a specification, plan or ontology for the model.  The 
simulation model should be an instantiation of this – some code that is consistent with that, more abstract, 
model.  There may be more than one kind of specification, for example, the spatial structure, algorithms 
for sub-processes and a systems-view of the simulation showing the main feedback loops. Exhibiting such 
specifications along with the eventual model is helpful for imparting the intentions behind the 
development and provides extra consistency checks. 

Sometimes a simulation uses another simulation as a sub-model, but where the processes of the sub-
model are embedded in a wider set of interactions.  In this case, the target model is some kind of 
composite, using other models as sub-modules as well as some extra code.  Here, even if the 
documentation of these sub-models is clear and the code open, how it interfaces to the whole model can 
be crucial to the behaviour of the whole.  The messages/data passed back and forth between sub-models, 
and in what form needs to be carefully documented.  In particular any assumptions made about the 
interpretation or use of the sub-model in the composite needs documenting.  Ideally the behaviour of the 
composite model should be compared when the sub-model is replaced by some kind of null model (e.g. 
one giving random or constant outputs). 

Another kind of relation is when there is a post-hoc abstraction of the original model.  For example, this 
might be a future version of the model where some of the less important mechanisms have been 
eliminated or an approximation of it using mathematical equations.  This model of the model, may allow 
for a more rigorous understanding of the key dynamics and may be an analytic solution.  The behaviour 
of the more abstract model can be checked against the behaviour of the original, maybe revealing some of 
the conditions under which it is a good approximation.  These kinds of model can include: individual-
based models, system dynamic models of the aggregate behaviour, analytic models (such as systems of 
differential equations), or network models. Access to these model abstractions might allow for a deeper 
understanding of the original and yet another check on any future variations or applications. 

A very simple kind of representation of a model is the sets of data it may produce when run with different 
random seeds and different parameter settings.  Archiving sets of the output data for different parameter 
sweeps along with the model is very helpful for others to analyse (maybe using hypotheses about model 
behaviour the developer has not guessed) and check against new runs of the model. 

Finally there can be different kinds of model that purport to model the same phenomena in different ways.  
For example one might be an agent-based model and one an analytic one, or they may just focus on 
different aspects of the same phenomena: one looking at the geographic distribution and one the social 
interactions.  Whilst it may be helpful to list models with the same target, they are not easy to directly 
relate unless they relate to the same set of data (e.g. validation data).  Here it may be that the different 
models capture different aspects of the data, or for different parameter ranges (such as one for low 
numbers, and one for high). 



11	

 

 

 

Capturing model development  
Lastly, with very complex artefacts it is often impossible to completely divorce the context and trajectory 
of its development with its properties, due to the impossibility of completely understanding complex 
models (Edmonds 2012).  In these cases it can be very helpful to also make available some documentation 
as to this origins and history. 

A simple electronic diary, documenting the versions of the simulation that were made, the results 
obtained, and the reasons for developmental choices can be helpful to subsequent users of the model in 
order to further understand the model and its assumptions.  In particular it can be as useful to know what 
did not work in the past, as to what did.  This might not be normally read, but might be referred back to 
by subsequent users when considering future variations.  Such a diary would not only document the 
development of the, more formal and careful phase where a model and its results are being prepared for 
public consumption, but also the more informal and private exploratory phase that often precedes this 
(Norling, Edmonds and Meyer 2013). 

Another useful document is one that keeps track of the evidential provenance of different parts or design 
decisions in the model.  That is what kind of evidence (if any) supports which design decisions and how.  
Thus a certain probabilistic process might be specified according to well-known statistics (say birth and 
death rates in a population).  There may be some broad evidence for the characteristics of a process from 
the research literature (say evidence from psychological experiments for a mental process).  The 
specification of some processes might be based upon observational or first-person narrative data.  Some 
processes or parts of a model may come from previous models or authorities.  Other values or processes 
might be discovered through trial and error to fit validation data in the process of model tuning.  Finally 
and inevitably, some parts of a simulation will be as the result of common-sense or plausible guesses by 
the modeller, in which case it is equally important to flag this fact (so that future modellers can inspect, 
critique and improve upon these).  Over all this kind of documentation gives information as to the 
reliability of assumptions made in the modelling, and, equally importantly, some indication of their 
conditions of application.  This can help to guide the re-use of models to a new situation. 

FUTURE RESEARCH – TOOLS TO AID OPEN MODELLING 

A common complaint about agent-based modelling (especially among social scientists with no 
background in computer programming) is that the huge learning curve associated with engaging with it, 
no matter how interesting it may seem, poses a considerable obstacle to its wider adoption (Janssen et al. 
2008; Alessa et al. 2006). The requirements for open modelling, particularly if enforced by a strong 
cultural norm, can only add to such a perception. Insofar as they impose constraints on modelling 
practice, however, such norms can assist in narrowing what needs to be learned. On the other hand, where 
they require the provision of materials not currently stipulated by journal editors and other gatekeepers of 
the tokens of academic esteem, they create the impression of extra work to be done that isn’t strictly 
necessary and can hence be ignored. It is natural therefore to consider software facilitation of open 
modelling practices as a means of encouraging its wider adoption. 

Development of further software tools is a double-edged sword. A degree of confidence is needed by the 
user to allow the investment associated with learning a tool, much of which is associated with whether 
there is a significant community also using it, and a development community providing training, 
maintenance, enhancements and bug fixes. The former is a classic problem of innovation adoption. For 
tools developed with research funding, the latter aspect of software sustainability is missing from funding 
infrastructure, and cannot be ignored as an institutional obstacle to open modelling. 
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With this in mind, there are a number of technologies in various stages of development that could 
facilitate open modelling practices if appropriately integrated with existing modelling tools, and offer 
potential directions for enhancing functionality they provide. 

• Version control software has been a bedrock of professional programming for decades, and there 
are popular web-based version control tools that can be deployed to assist with version 
management. Many are particularly useful for collaborative model development. Embedding 
version control facilities in agent-based modelling toolkits would allow a version to be ‘locked 
off’ for later retrieval as the program responsible for creating results, whilst permitting continuing 
development of the software. Such embedding would enable the version associated with output 
files to be automatically included in their metadata.  

• Virtualisation is the provision of a simulation of a computer system in a host computer running 
appropriate software. Embedding model development within a virtual machine enables its 
deployment on any host running virtualisation software, and also facilitates replication for large-
scale parameter exploration on suitably-configured cloud infrastructure. This latter point is likely 
to be increasingly significant in conducting proper sensitivity analyses of agent-based models, yet 
is also associated with institutional and knowledge barriers to more widespread adoption. 

• Provenance capture could replace much of the documentation required for open modelling with a 
dataset that can be queried and reasoned with. Pignotti et al. (2013) identify three kinds of 
provenance relevant for social simulation: (i) provenance about the process of model 
construction; (ii) provenance about running the model; (iii) provenance about how the model 
itself reached a particular result from its input data. Significant changes to the way agent-based 
models are built and used would be needed to capture all three kinds of provenance.  

• Using ontologies to represent the state and structure of the model at any one time allows more 
transparent representation of the model, as has been argued by Polhill and Gotts (2009), and 
ontologies have also been argued to have an important role in the model development process 
(Dray et al. 2006; Livet et al. 2010; Gotts and Polhill 2009). Ontologies can also be used to 
describe constraints on simulations that capture the intent of the modeller (Pignotti et al. 2011). 

• Recording metadata on models, including their inputs and outputs, and describing what the 
models do could, with appropriate metadata standards, replace some of the need for 
documentation as well as facilitating model reuse. There is a significant body of work on this in 
the integrated modelling literature (e.g. Rizzoli et al. 2008), and several existing proposals for 
metadata standards for documenting models (e.g. Richiardi et al. 2006; Treibig and Klugl 2009). 

• Extra checks on a simulation model – either in terms of limits upon its specification, or error 
checking on the outcomes – are useful in checking simulation integrity and reliable use.  For 
example, it might be known that the energy of animals is always above zero, or that each bank 
account has an associated agent who owns it.  This kind of knowledge is often in a declarative 
form, that is they can be expressed as general relationships or statements, which should always 
hold.  Declarative and constraint programming allow for such statements to be encoded as part of 
the specification of the computer program18.  Such statements can be seen as an extension of the 

                                                        

 

 
18	For	an	introduction	to	these	areas	see	(Apt	1991)	and	(Frühwirth	&	Abdennadher	2003).	
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idea of strong typing, which is known to reduce errors in code and whose use can aid the 
development of reliable code (Pierce 2002). This style of programming (maybe in combination 
with imperative styles for specifying processes) could aid in the specification and checking of 
simulation models – maybe as a kind of wrapper that continually checks the simulation against 
defined statements that should always be true. 

• Literate programming (Knuth 1992) is a form of computer programming in which natural 
language text and formal programming code are interspersed. The source code and 
documentation would be a single document that is both a program that can be run and readable by 
humans. We know of no efforts to embed literate programming principles in agent-based 
modelling tools and libraries, though this could be a significant contribution to the open 
modelling agenda. 

CONCLUSION 

The Need for a Change in Modelling Culture 
Despite the above considerations, good practice in making models available and new tools to make these 
processes more effective are probably less important than the underlying culture and attitudes that lie 
behind the decision as to whether to make models openly accessible. Constructing a model is a labour-
intensive process, but also a creative one.  In addition to this one typically spends an extended period of 
time thinking about, interacting with, analysing and writing about one’s models. Thus there is a 
considerable amount of personal investment in a model one creates, and the quality of that simulation can 
affect ones status as a modeller. In other words, one feels one owns the models one makes and that they 
are part of ones “extended phenotype” in the social sphere.  

This feeling of individual ownership of models might make one reluctant to release it into the public 
sphere where it might be misused or judged harshly.  Rather one might (in effect) find it more 
comfortable to retain control over the IP encapsulated in the model, and only make selected details openly 
available. This might not be a conscious decision, but rather simply reflected in a lack of motivation to 
release models. In this case, one might always intend to make the model open but put off by even small 
difficulties and barriers, and then experience a lack of negative consequences as a result (people not 
finding bugs or weaknesses in the model, and no lack of citation or publication due to a failure to 
archive). 

Of course, in some cases there are some very obvious reasons why models might not be made open, 
contradicting the three purposes for open modelling discussed at the beginning of this chapter. A 
government using a model as part of the policy making or evaluation process might wish to insulate 
themselves against methodological criticism.  A company using a model might wish to keep this secret in 
order to maintain competitive advantage.  A modeller might not want others to gain the value from a 
model that they have put such effort into. It is likely that in such cases the real reason will not be given to 
justify this choice, but rather other rationales, such as privacy concerns, the effort required, or that they 
are awaiting for the model to “mature”.   

However, the weakness of these rationales is readily apparent if one substitutes “knowledge” whenever 
the term “model” arises.  Would it be acceptable for a government to hide knowledge due to the effort 
involved in releasing it or because general access to this knowledge would make it more criticisable?  
Would it be acceptable for a researcher to hoard “knowledge” indefinitely in order to perfect it or to avoid 
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critique of this knowledge? The answers are then obviously “no”.  We accept that (in general) making 
knowledge openly available is such an overwhelming public good that it overrides any selfish reasons for 
keeping it secret.  Models are an encapsulation of knowledge – a representation of how its processes 
interact and their eventual outcomes – so there is no fundamental reason why models should be treated 
differently from other kinds of knowledge. 

In contrast to models, we do not view knowledge as something we can own.  Rather we see the 
development of knowledge as a, largely, collective knowledge. We acknowledge and celebrate those that 
make significant discoveries, but the knowledge itself is a public good. We now need the culture of 
modelling to shift more towards this collective view, where models are significantly developed by 
individuals but not owned by them. This shift would facilitate the collective development, critique, 
improvement and use of these models. This openness is exactly what has occurred in other areas of open 
source software, and has resulted in high quality and reliable code, produced and corrected collectively19. 

How this change might be encouraged 
Although it may be that underlying changes in the background culture, shown in the expectations of the 
internet generation, there are some steps that would help encourage and maintain such a cooperative 
culture.  

• Firstly, researchers can simply state their expectations of their peers that models will be made 
open, putting soft social pressure on each other20.   

• Secondly, journals could stipulate that any models central to academic papers are made publically 
available as a condition of publication.   

• Thirdly, a condition of public funding could include that any models are publically archived.   

These are directly analogous to the requirement that core data behind scientific publications are made 
publically available by the journals themselves or as a condition of receiving public money for the 
research. However as with open data, the proof is in the practice, since even with journals where data is 
supposed to be freely available there are often considerable problems and barriers to obtaining it.   

• Fourthly, on the positive side, we can help ensure that researchers get due credit for making their 
models open.   

Models in public archives being citable and the habit of citing models as well as papers becoming 
established can facilitate this.  This requires that there be an established method for citing models21. 
Taken individually, these may not have much impact upon the prevailing culture but, taken together, may 
help speed its development. 

                                                        

 

 
19	However,	open	source	communities	are	not	anarchies	and	have	evolved	a	considerable	degree	of	social	
structure,	including	norms,	reputation,	group	membership	and	varying	levels	of	edit	and	versioning	rights.	
20	Of	course,	this	is	the	primary	purpose	of	this	chapter.	
21	Such	as	the	one	available	via	sites	such	as	http://openabm.org	
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A Vision of an Open Modelling Future 
In many ways a future where openness is the norm and artefacts for the public good are collectively 
developed already exist in terms of the open source communities that produce much of the software that 
runs the web; the entries of Wikipedia (Goldspink, Edmonds and Gilbert 2008); and many areas of 
science itself22.  It is a future where the benefits to society far outweigh those that might otherwise have 
been harvested by individual entities.  It is a future which allows a far greater external scrutiny of the 
complex constructions we know as simulation models, resulting in better and more reliable models.  It is a 
future in which the fruits of research are freely available outside the high-tech countries that tend to 
produce such artefacts.  It is a future to be desired. 
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KEY TERMS & DEFINITIONS 

Agent-Based Model. (also Agent-Based Simulation) is a simulation where the entities being represented 
are represented as separate objects in the simulation, and these objects are usefully interpreted as having 
some kind of cognitive processes. 

Anti-Pattern.  A pattern of code that should be avoided due to the problems it is known to cause. 

Model. A representation of something else (the target) that can be used to make inferences about that 
target.  In the context of this chapter we mean a simulation model. 

Open Modelling:  The practice of making ones simulation model effectively open to inspection, critique, 
reuse and adaption by others. 

Provenance. The source of some data or bit of code.  In the case of code, what motivated or justified each 
design decision in the program’s construction. 

Simulation Model. A computer program intended as a model of something. 

Software License.  The legal conditions imposed on an object of Intellectual Property (such as a 
simulation) upon a subsequent user of that object. 

 

 

 

 

 

 

 


