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1. Individual-based models in Ecology

Advantages Disadvantages Implications

e Realism and relaxation of assumptions e Computational resource requirements e Pragmatic

e Cross-scale simulations e Limited scale of simulations e Paradigmatic
e Experimental parameterisation e Result interpretation

e Observable, spatial, emergent e Validity not straightforward
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2. The CoSMoS approach

CoSMoS — Complex Systems Modelling and Simulation — seeks to develop a methodology and a toolset
for creating models and simulations of complex systems that provide arguments of their scientific validity.
It is a case study oriented research that looks at systems ranging from robotics to the immune system and
plant ecology.

Combining software and critical systems engineering approaches, efforts are made for:

e properly documenting both the studied domain, models and simulations
e generating arguments of validity and expressing them formally.
e bringing simulations closer to the scale of real-world, complex systems.
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3. CoSMoS infrastructure 4. CoSMoS and plant ecology

Research methodology Aim

e multidisciplinary inspiration Revamping a C based plant ecology simulator in order to

e deliverables are its documented models and the explicit obtain a drastic increase in simulating capacity. In turn, this
argument of validity allows testing hypotheses in more realistic setups, while

enabling CoSMoS to refine its methodology and toolset.
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A Approach
compare, refine, . .
validate mplement e models are defined in a formal language (e.g. UML)
v 4 e all assumptions are recorded and exposed
. simulation experiment, . .
pFEdICt model simulation 1.Environmen t
observe LEIl'l.'iI:E :E" 1+ 1.1 |resource release and replenishment rates are constant
I_I 1.2 [the ervironment is 20 and each grid cell can haold anly one plant
1 1% 1.3 [the maximal level of resource is homogeneous across the lattice
’ D eman d resource uptake and alfocation P
2.1 |requested uptake is homogeneous for the same distance from the plant
T 2.2 |resource allocation to the structural compartment and structural stare has a fiked ratio
. d o 1 1 1 2.3 |the uptake area varies homogeneously and is not affected by neighbouring competitors
Process Oriented Programming (Occam-m) |
- - 1% 2.4 |germination is instantaneous (takes only one time step)
- 5 UhStratE In dlvldu al 2.5 |plant developmental stages are discrete
e straightforward concurrency of processes e e o
e millions of processes running on a single PC UML high-level model of a simulation Assumptions list

e distribution across computer networks . . . .
P e Occam-mt implementation, scaling to 10° individuals

e both plants and environment are processes

Process reengineerin
: . e space is discrete, but continuity can be implemented

e addressing limitations of previous research
e 3 paradigm shift, from objects to processes
e patterns may be extracted and reused for further studies

Formal argumentation - S
e simulations of complex systems need to provide A
arguments of their validity

e argument definition with GSN (Goal Structuring Notation)

\- argument of validity built using GSN
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:F 5. Conclusion
sotware model /Agorinms anc Aspeced  /Carectedness /*tgg;‘::g;jrggy v'upscaling of simulations is within reach, that is
etcts bologic o st oires ) (ernerng g, - n -
reality comrectly aynamice v'ecologies of millions of plants can be studied

Goal Strategy Solution Context

v'validation and argumentation techniques are essential
v'CoSMoS is a multi-track project, aiming to contribute
GSN example / \_ to complex systems research Py

GSN components
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