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Abstract—As spiking-based deep learning inference applications
are increasing in embedded systems, these systems tend to in-
tegrate neuromorphic accelerators such as μBrain to improve
energy efficiency. We propose a μBrain-based scalable many-core
neuromorphic hardware design to accelerate the computations
of spiking deep convolutional neural networks (SDCNNs). To
increase energy efficiency, cores are designed to be heterogeneous
in terms of their neuron and synapse capacity (i.e., big vs. little
cores), and they are interconnected using a parallel segmented
bus interconnect, which leads to lower latency and energy com-
pared to a traditional mesh-based Network-on-Chip (NoC). We
propose a system software framework called SentryOS to map
SDCNN inference applications to the proposed design. SentryOS
consists of a compiler and a run-time manager. The compiler
compiles an SDCNN application into sub-networks by exploiting
the internal architecture of big and little μBrain cores. The
run-time manager schedules these sub-networks onto cores and
pipeline their execution to improve throughput. We evaluate the
proposed big little many-core neuromorphic design and the system
software framework with five commonly-used SDCNN inference
applications and show that the proposed solution reduces energy
(between 37% and 98%), reduces latency (between 9% and 25%),
and increases application throughput (between 20% and 36%). We
also show that SentryOS can be easily extended for other spiking
neuromorphic accelerators such as Loihi and DYNAPs.

Index Terms—neuromorphic computing, spiking deep convo-
lutional neural networks, many-core, embedded systems, μBrain

I. INTRODUCTION

Spiking deep convolutional neural network (SDCNN)-based
inference applications are increasing in embedded systems [1].
To improve energy efficiency, such systems tend to integrate
neuromorphic accelerators such as μBrain [2], DYNAPs [3],
and Loihi [4]. We take the example of μBrain, which is a neural
architecture with three layers: 16 neurons in the first layer,
64 neurons in the second, and 256 neurons in the third (see
Fig. 1). μBrain is an asynchronous (clock-less) digital design
with fully programmable connections between the three layers.
μBrain consumes only 308nJ energy for digit recognition [2].

μBrain implements 336 neurons and 38K synaptic connec-
tions. One way to use μBrain for larger SDCNN applications
is to scale-up the design. However, this leads to a substantial
increase in static power and area (see Section II). We propose a
scalable solution by interconnecting many μBrain cores. How-
ever, instead of using the same neuron and synapse capacity
for all cores, we show that a heterogeneous architecture with
different core capacities can improve the energy efficiency.

Conventionally, mesh-based Network-on-Chip (NoC) is used
to interconnect cores in neuromorphic designs [5]. However,
NoC interconnect is not scalable and it leads to high latency

due to dynamic routing policies [6]–[8]. Recently, segmented
bus (SB)-based interconnect is proposed as an alternative for
neuromorphic hardware [9]. Here, a bus lane is partitioned
into segments, where interconnections between segments are
bridged and controlled by switches [10]. We propose a de-
sign with multiple segmented bus lanes to interconnect big
little μBrain cores (see Figure 2). An optimized controller
is designed to perform mapping of communication primitives
to segments by profiling the communication pattern between
different μBrain cores for a given SDCNN application. Based
on this profiling and mapping, switches in the interconnect are
programmed once at design-time before admitting an applica-
tion to the hardware. By avoiding run-time routing decisions,
the proposed design significantly gains on energy and latency.

We propose SentryOS, a system software for mapping SD-
CNN applications to the proposed segmented bus-based many-
core big little μBrain design. SentryOS consists of a com-
piler (SentryC) and a run-time manager (SentryRT). SentryC
compiles an SDCNN inference application into sub-networks
by exploiting the internal architecture of big and little μBrain
cores. SentryRT uses a dataflow analysis technique to schedule
sub-networks to μBrain cores by improving opportunities for
pipelining and exploiting data-level parallelism.

We show in Section IV that SentryOS can be easily extended
to other many-core spiking neuromorphic designs such as
DYNAPs [3] (which is similar to μBrain with synaptic memory
integrated closer to neuron circuitry in each core, but with more
neurons and synapses per core) and Loihi [4] (where synaptic
memory is off-chip to neuron circuity).

Following are our contributions to the neuromorphic field.

• A many-core neuromorphic platform template design
based on the digital asynchronous (clock-less) μBrain ar-
chitecture. Cores in the proposed design are heterogeneous
in terms of their neuron and synapse capacity. The main
objective here is to reduce energy (Section III).

• A parallel segmented bus-based interconnect for data com-
munication between μBrain cores in the proposed many-
core design. A controller to map inter-core communication
to segments for parallel execution. The main objective here
is to minimize energy and latency (Section III).

• A system software framework (SentryOS) to map SDCNN
applications to the proposed design. SentryOS consists of a
compiler, which compiles an application into sub-networks
and a run-time manager, which schedules sub-networks
to μBrain cores of the many-core hardware. The main
objective here is to improve throughput (Section IV).
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