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                    Abstract
This paper concerns how rule-following behavior might evolve in the context of a variety of Skyrms–Lewis signaling game (Lewis, Convention, 1969; Skyrms, Signals evolution, learning, & information 2010), how such rules might subsequently evolve to be used in new contexts, and how such appropriation allows for the composition of evolved rules. We will also consider how the composition of simpler rules to form more complex rules may be significantly more efficient than evolving the complex rules directly. And we will review an example of rule following by pinyon and scrub jays (Bond et al., Anim Behav 65:476–487, 2003) as an illustration of the appropriation of a rule to a new context (Barrett, Biol Theory 8(2):142–150, 2013a; Barrett, Philos Sci, 2014). The proposal here is that the composition of rules might occur in a way that is precisely analogous to such simple appropriation. Finally, we will briefly consider how any finite truth-functional operation might evolve by the sequential appropriation of simpler rules.
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                    Notes
	While learning models and population models are closely related, it makes sense to choose one type of model and stick with it throughout the analysis. See Skyrms (2010) and Huttegger and Kevin (2011) for discussions of the relationship between the evolution of signaling dispositions in the context of learning models and the evolution of signaling strategies in the context of the corresponding population models.


	See Barrett (2013a, b, 2014) for discussions of this approach to the evolution of rule-following behavior. For further discussions of Skyrms–Lewis signaling games, sender-predictor variants, and alternative learning and evolutionary dynamics see Lewis (1969), Skyrms (2000, 2006), Barrett (2006), Argiento et al. (2009), Barrett (2007, 2009, 2013c), and Skyrms (2010). See also Bruner et al. (2014) in this issue for empirical evidence concerning how human agents in fact behave in the context of repeated signaling games.


	This is a learning dynamics that agrees well with human learning in a number of salient contexts. See Roth and Erev (1995) for a discussion of a closely related family of learning dynamics and relevant empirical evidence.


	Bounded reinforcement learning with punishment is much less sensitive to initial urn contents than, for example, simple reinforcement learning. That said, in the simulations here, each urn starts with one ball of each possible type of signal or act


	See Barrett (2013a) for a recent discussion of such an internalization of signaling games. Skyrms (2006) has long considered such internal systems as interacting neurons as potentially implementing signaling games of one sort or another.


	The effective nand rule that the composite system evolves and the truth-functional nand rule that one might have thought it evolved are different rules that happen to have the same extension in this particular context.


	In his model for the evolution of xor, Skyrms (2000) gave each of the two senders access to only one aspect of nature. While this may at first appear to be an artificial constraint, it provides a context where the receiver must use information from both senders and hence allows for the evolution of a generalizable truth-functional operation.


	The composite system does better on longer runs. The results for runs of length \(10^4\) are mentioned here for the comparison of relative efficiencies later.


	This section is a short review of a longer discussion of this model in Barrett (2014). See Barrett (2013a) for another compositional model of the evolution of rule-following behavior.


	See Alexander et al. (2011) and Argiento et al. (2009) for discussions of this invention-learning rule and its properties.


	New urns are introduced for pairs of signals as new signals are invented by the coders.


	If one only requires that the system evolve the distinction between \(a \ge b\) and \(a<b\), then after \(10^7\) plays the cumulative success rate is typically (0.97) over 0.80, which is approximately the same accuracy exhibited by the jays.


	See Barrett (2014) for a detailed discussion of the appropriation of the old ordering rule on the incomplete evidence of only adjacent tones.


	The present model of composition by appropriation presents a number of questions. Since one would expect error to be cumulative as old rules are composed, one might wonder whether is there a plausible mechanism by which the old rules might be more precisely tuned to the task at hand once they are situated by the articular of the new coders. One mechanism that might serve this purpose is the continued evolution of the new coders once an old rule is appropriated to the new context. Another is the continued evolution of the old rules themselves.
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