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Design concepts for individual-based and agent-based models

Appendix of:

Grimm et al.: A standard protocol for describing individual-based and agent-based models.

Here we explain the fourth element of ODD, ‘Design concepts’, in more detail. Railsback (2001) and Grimm and Railsback (2005) searched the literature on Complex Adaptive Systems and identified key concepts for designing, describing, and understanding IBMs. These concepts can provide a conceptual framework for developing IBMs, making them easier to develop and integrate. Grimm and Railsback (2005) summarized the design concepts in a checklist, which we include in the ODD protocol. Using the checklist while explaining the design of a model introduces a common terminology. Note that one item on the original checklist, Scheduling, was moved to the element „Process overview and scheduling“. For a more in-depth discussion of the design concepts, see Grimm and Railsback (2005). 

Emergence 

A certain system property or behaviour is emergent if it is not directly specified by individual traits. Which properties of the model system really do emerge from the interaction of the adaptive behaviour of the individuals, and which are merely imposed? For example, assuming a constant mortality rate means that mortality has been imposed, whereas if the sources of mortality are modelled mechanistically (e.g., including feeding, habitat choice, predation) then the mortality rate and population dynamics emerge from adaptive traits.

Adaptation

Adaptation here refers to some kind of active choice by the individuals among alternative behaviours, with the decision depending on environmental or internal conditions. What adaptive traits do the model individuals have to improve their potential fitness, in response to changes in themselves or their environment? 
Fitness

In biology, fitness is the success of an individual in passing on its genes to succeeding generations; in an IBM, fitness is a consequence of behaviour. If the modelled agent is not biological, or if the modelled period is shorter than the life span of the organism, then fitness is replaced by a goal-function chosen by the modeller. Is fitness-seeking modelled explicitly (i.e. do individuals base their decision on explicit estimations of fitness) or is fitness-seeking more implicit, for example by implicitly assuming that certain decisions contribute to fitness? If fitness-seeking is modelled explicitly, how do individuals calculate fitness, i.e. what is their internal model of how expected fitness depends on which alternative behaviour is chosen? How is the individual’s current state considered in modelling fitness consequences of decisions? Does the individual’s internal fitness model change with life stage, season, or other conditions? 

Prediction

Prediction refers to the way an IBM represents how individuals foresee the future outcomes of their decisions. Tacit prediction includes simple, implicit assumptions about decision outcomes. Overt prediction explicitly forecasts the consequences of each alternative decision (Holland 1995). In estimating the fitness consequences of their decisions, how do individuals predict the future conditions (internal as well as environmental) they will experience? Do the individuals’ predictions make use of memory or learning or environmental cues?  If fitness-seeking is not modelled explicitly, what tacit (i.e., not explicitly stated and modelled) predictions are included in the IBM? What assumptions are implicitly embedded in the tacit predictions?

Interaction

Interactions are mechanisms by which model individuals communicate with each other or otherwise affect each other. How do individuals interact? Do they interact directly, i.e., via preying upon one another, or indirectly, for example, through consumption of a shared resource? Are interactions local (in the neighbourhood of an individual) or global (with all individuals in the system)? How are interactions in the model related to real interaction mechanisms?
Sensing

Sensing is the way an IBM represents how individuals obtain information about their (internal and external) environment and neighbouring individuals. What state variables are individuals assumed to “know”, or sense? Does the IBM represent the actual sensing or information gathering process? How accurate, or certain is the individual’s information? 

Stochasticity

Stochasticity in an IBM means that pseudo-random numbers are used to represent a process or trait. Is stochasticity used to simulate variability in input variables (see element ‚Input’ above)? What low-level processes are represented empirically as stochastic processes? What behavioural traits use stochastic processes to reproduce behaviour observed in real organisms? Is this approach clearly recognized and used as an empirical model? 

Collectives

Collectives are aggregations of individuals, e.g. bird flocks and social groups,
 that have their own characteristics and behaviour. Collectives are an intermediate level of organization between individuals and populations. Are collectives represented in the IBM? Do collectives occur only as phenomena emerging from individual behaviour, or are individuals given traits that impose the formation of collectives? Are collectives represented as explicit entities with their own state variables and traits?

Observation

Observation is the process of collecting data and information from an IBM; typical observations include graphical display of patterns over space and time and file output of summary statistics. What kinds of model results are observed to test the IBM and meet its objectives? From what perspectives are observations of results taken: omniscient, model individual, or virtual ecologist (a simulated ecologist, which is not omniscient but applies a certain protocol to collect data in the model system)?

Checklist regarding design concepts of individual-based or agent-based models

From:

Grimm V, Railsback SF. 2005. Individual-based modeling and ecology. Princeton University Press, Princeton, N.J.

Emergence
(1) Which processes in the IBM are modeled as emerging from a mechanistic representation of adaptive traits of individuals? Do the system-level phenomena the IBM is designed to explain emerge from individual traits, or are they imposed by rules that force the model to produce a certain result?

Adaptation

(2)
What adaptive traits do the model individuals have to improve their potential fitness, in response to changes in themselves or their environment? 

(3)
Which adaptive traits are modeled as direct fitness-seeking, with individuals making decisions explicitly to improve their expected success at passing genes on to future generations?

(4) Which adaptive traits are modeled as indirect fitness-seeking, in which individuals make decisions to meet a specific objective that indirectly contributes to future success at passing genes on?

Fitness

(5)
For traits modeled as direct fitness-seeking, how complete is the fitness measure used to evaluate decision alternatives? The fitness measure is the individual’s internal model of how its expected fitness depends on which alternative it chooses. Which elements of potential fitness – survival to reproduction, attainment of reproductive size or life stage, gonad production, etc. – are represented in the fitness measure? Is the completeness of the fitness measure consistent with the IBM’s objectives?

(6)
How direct is the fitness measure? What variables and mechanisms are used to represent how an individual’s decision affects its future fitness? Is the choice of variables and mechanisms consistent with the IBM’s objectives and the biology of the system being modeled? Does the fitness measure have a clear biological meaning? Does the fitness measure allow the individual to make appropriate decisions even when none of the alternatives are good?

(7)
How is the individual’s current state considered in modeling fitness consequences of decisions?

(8) Should the fitness measure change with life stage, season, or other conditions?

Prediction

(9)
In estimating future fitness consequences of their decisions, how do individuals predict the future conditions (internal as well as environmental) they will experience? Do the simulated prediction methods produce realistic behavior while being biologically realistic? Are prediction methods appropriate for the time scales used to model fitness-seeking? Do the individual’s predictions make use of memory? Of learning? Environmental cues?

(10) 
What tacit predictions are included in the IBM? What assumptions are implicitly embedded in the tacit predictions? 

Interaction

(11)
What kinds of interaction among individuals are assumed? Do individuals interact directly with other individuals? (With all others or only with neighbors?) Or are interactions mediated, e.g., through competition for a shared resource? Or do individuals interact with a “field” of effects produced by neighbors? 

(12)
What real interaction mechanisms, at what spatial and temporal scales, were the IBM’s interaction design based on?

Sensing

(13)
What variables (describing both their environment and themselves) are individuals assumed to sense or “know” and consider in their adaptive decisions? 

(14)
What sensing mechanisms are explicitly simulated? Does the IBM represent the actual sensing process?

(15)
If sensing is not simulated explicitly, what assumptions are made about how individuals “know” each sensed variable? With what certainty or accuracy are individuals assumed able to sense each variable? Over what distances? 

Stochasticity
(16)
Are stochastic processes used to simulate variability in input or driving variables? Is stochasticity preferable to using observed values? Is it clearly desirable for these inputs or drivers to be variable? 

(17)
What traits use stochastic processes to reproduce behavior observed in real organisms? Is this approach clearly recognized and used as an empirical model? 

(18)
What variable low-level processes are represented empirically as stochastic processes? Is the variability important to include in the IBM? 

Collectives
(19)
Are collectives represented in the IBM? Collectives are aggregations of individuals (flocks, social groups, stands of plants) included in an IBM because the state and behavior of an individual depends strongly on (a) whether the individual is in a collective, and if so, (b) the state of the collective.

(20)
How are collectives represented? Do collectives occur only as phenomena emerging from individual behavior, or are individuals given traits that impose the formation of collectives? Or are collectives represented as explicit entities with their own state variables and traits?


Scheduling

(21)
How is time modeled in the IBM: using discrete time steps, continuous time, or both? If both are used, is dynamic scheduling use for events that happen quickly compared to the model’s time step and are highly dependent on execution order?

(22)
What model processes or events are grouped into actions that are executed together? Do these actions produce synchronous or asynchronous updating of the model?

(23)
How are actions modeled as happening concurrently actually executed? What actions are on a fixed schedule, in what order? Are some actions executed in random order? What basis is provided for these scheduling decisions?

Observation
(24)
What kinds of model results must be observed to test the IBM and meet its objectives?

(25)
From what perspectives are observations of results taken: omniscient, model individual, or virtual ecologist?
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� this sentence seems unnecessary. You could change the previous sentence: „recognized, parameterized, and used as an empirical model?“


� I do not see superindividuals as a collective! A superindividual is only a modeling artifice, not an ecological phenomenon included in the model. I am also not sure if a cohort of plants meets the definition of collective very well.


� This last sentence could be confusing but more explanation is probably not worthwhile. We could just delete it.


� Note that in the ODD protocoll, “Scheduling” has been moved to the element “Process overview and scheduling”, which is in the block “Overview”.








