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ABSTRACT
A key problem with implantable brain-machine interfaces is that
they need extreme energy efficiency. One way of lowering energy
consumption is to use the low power modes available on the processors embedded in these devices. We present a technique to predict when neuronal activity of interest is likely to occur so that the
processor can run at nominal operating frequency at those times,
and be placed in low power modes otherwise. To achieve this, we
discover that branch predictors can also predict brain activity. We
perform brain surgeries on awake and anesthetized mice, and evaluate the ability of several branch predictors to predict neuronal
activity in the cerebellum. We find that perceptron branch predictors can predict cerebellar activity with accuracies as high as 85%.
Consequently, we co-opt branch predictors to dictate when to transition between low power and normal operating modes, saving as
much as 59% of processor energy.
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INTRODUCTION

Recent advances in invasive/non-invasive brain monitoring technologies and neuroprostheses have begun shedding light on brain
function. Brain-machine interfaces for persons afflicted by epilepsy,
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spinal cord injuries, motor neuron diseases, and locked-in syndrome
are undergoing rapid innovation [18, 20, 38, 46, 47, 64, 74]. This is
partly because the technologies used to probe and record neuronal
activity in vivo are fast improving – we can currently monitor the
activity of hundreds of neurons simultaneously, and this number
is doubling approximately every seven years [63]. This means that
scientists can now study large-scale neuronal dynamics and draw
connections between their biology and higher-level cognition.
Consequently, scientists are integrating embedded processors
on neuroprostheses to achieve more sophisticated computation than
what was previously possible with the micro-controllers and analog hardware traditionally used on these devices [6, 20, 23, 38, 45,
50, 64, 74]. For example, designers are beginning to use embedded
processors for sub-millisecond spike detection and sorting to apply stimuli to the brain whenever a specific neuron fires [52, 74].
Similarly, new-brain machine interface designs use embedded processors rather than bulky and inconvenient wired connections to
large desktops [7, 20, 44, 54].
These processors face an obstacle – they need to be energy efficient. Consider the cerebellum, which resides in the hindbrain
of all vertebrates. Recent studies use invasive brain monitoring to
record intracellular cerebellar neuronal activity [19, 53, 65]. Invasive brain-machine implants cannot typically exceed stringent 50300mW power budgets [6, 23, 45, 50, 64, 74]. This is because neural
implants have small form factors and must, therefore, use the limited lifetimes of their small batteries judiciously [6, 23, 45, 50, 64,
74]. Equally importantly, stretching out battery lifetimes can reduce how often invasive surgeries for battery replacement and/or
recharging are needed. Finally, power consumption must be kept
low, as temperature increases in excess of 1-2 degrees celsius can
damage brain tissue [39, 71, 72]. Unfortunately, the embedded processors used on implants can currently hamper energy efficiency
in some cases, expending 30-40% of system energy [32, 64, 74].
A potential solution is to use the low power modes already available on these processors [15–17, 22, 30, 34]. Traditional energy
management on server and mobile systems balance the energy savings of low power modes with performance degradation, by anticipating periods of time when applications do not need certain resources or can afford a slowdown [10, 15–17, 30, 35, 41–43]. Similar
approaches are potentially applicable to brain implants. Since embedded processors on implants perform signal processing on neuronal spiking data, they could theoretically be placed in low power
mode in the absence of neuronal firing and be brought back to nominal operation before neuronal activity of interest. This presents
the following question – how can we predict when future neuronal
spiking is likely to occur, both accurately and efficiently?

