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Text

Learning by reinforcement is important in shaping animal behavior. But behavioral decision making is
likely to involve the integration of many synaptic events in space and time. So in using a single
reinforcement signal to modulate synaptic plasticity a twofold problem arises. Different synapses will
have contributed differently to the behavioral decision and, even for one and the same synapse,
releases at different times may have had different effects.
Here we present a plasticity rule which solves this spatio-temporal credit assignment problem in a
population of spiking neurons. The learning rule is spike time dependent and maximizes the expected
reward by following its stochastic gradient. Synaptic plasticity is modulated not only by the reward but
by a population feedback signal as well. While this additional signal solves the spatial component of
the problem, the temporal one is solved by means of synaptic eligibility traces. In contrast to temporal
difference based approaches to reinforcement learning, our rule is explicit with regard to the assumed
biophysical mechanisms. Neurotransmitter concentrations determine plasticity and learning occurs
fully online.
Further, it works even if the task to be learned is non-Markovian, i.e. when reinforcement is not
determined by the current state of the system but may also depend on past events.
The performance of the model is assessed by studying three non-Markovian tasks. In the first task the
reward is delayed beyond the last action with non-related stimuli and actions appearing in between.
The second one involves an action sequence which is itself extended in time and reward is only
delivered at the last action, as is the case in any type of board-game. The third is the inspection game
that has been studied in neuroeconomics. It only has a mixed Nash equilibrium and exemplifies that
the model also copes with stochastic reward delivery and the learning of mixed strategies.
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