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Guest Editorial:
Alternative Computing and Machine

Learning for Internet of Things

THE impending Internet of Things (IoT) wave is promising
to affect every aspect of our daily lives, ranging from

smart things to smart buildings, smart cities, and smart envi-
ronments. A lot of attention has been devoted to the tsunami
of data produced by IoT, and the related means of extracting
useful actionable information from it, spawning efforts in Big
Data processing and machine learning. Yet, all of this does
little to address the need for IoT to capture, interpret, and act
on this wall of (noisy) information at the right time, at the
right place, and in the right form. Conventional computing
systems are a poor match to the needs of this emerging
massively distributed real-time system. Hence, alternative
computing techniques present an attractive alternative, trading
off computational resolution for significant gains in quality-of-
service energy efficiency and robustness. This observation is
based on the conjecture that most applications related to IoT
have an inherent error resilience and are evolutionary (that
is, learning-based). Alternative computing strategies may be
conceived at every level of the design hierarchy, starting from
the device level with novel 3-D nonvolatile memory/logic
combinations, or at the architectural level by shifting away
from the traditional von Neumann architecture to different
computing paradigms such as neuromorphic and/or stochastic
computation all the way up to the algorithmic and data
representation levels.

To support and enable this transformation, this special
issue invited the hardware and software communities to
come together to present their integrative research in various
topics, including: 1) IoT-aware nano-CMOS and beyond-
CMOS devices, sensors, and circuits; 2) specialized and mod-
ern memory systems for IoT (e.g., memristor, STT-RAM,
FeRAM, and so on); 3) reconfigurable embedded sensing
and actuating, enabling runtime selection of quality, operation
mode, and parameter settings of IoT devices; 4) alternative
architectures for IoT-specific Big Data search, predictive ana-
lytics, deep learning, high-dimensional data, feature selection,
and feature transformation; 5) IoT-specific approximate design,
exploration, and optimization; 6) brain-inspired and neuromor-
phic components, circuits, and systems for IoT; 7) accelerators
for IoT (e.g., machine learning, neuromorphic, and cognitive
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computing); and 8) case studies for alternative computing in
the IoT era. In this special issue, we received 37 submissions
and a total of six papers were accepted. The high level of
competition has led to the selection of top-level contributions
covering a wide spectrum of topics in the domain of alternative
computing for IoT.

In “VLSI implementation of deep neural network using
integral stochastic computing,” Ardakani et al. [item 1) in the
Appendix] present an efficient FPGA implementation of a deep
neural network using a Virtex7 FPGA. The results show 45%
and 62% reduction in area and latency on average compared
with the state-of-the-art architectures. Moreover, the authors
present a quasi-synchronous implementation resulting in 35%
reduction in energy consumption compared with the binary
radix implementations.

Wang et al. [item 2) in the Appendix] in “Resilience-
aware frequency tuning for neural-network-based approximate
computing chips” study the impact of aggressive frequency
scaling as well as the resilience feature of neural network (NN)
accelerators in the presence of timing errors induced by
process variations, noises, and so on using a novel timing
analysis method. Based on this study, the authors propose
a holistic frequency scaling for NN-based approximate com-
puting circuits based on an in-field retraining mechanism.
Thanks to the proposed dynamic approach, the proposed NN
can operate with much higher operating frequencies compared
with the existing static NNs.

In “A 17.5-fJ/bit energy-efficient analog SRAM for mixed-
signal processing,” Lee et al. [item 3) in the Appen-
dix] propose a novel SRAM to cope with unnecessary
redundant analog-to-digital and digital-to-analog conversion
in neuromorphic chips using approximate operations such
as approximate write operation in inout blocks. The pro-
posed SRAM shows promising results in a way that it
achieves 64% and 1.3× better energy-efficiency and through-
put compared with the conventional SRAM architectures,
respectively.

Onizawa et al. [item 4) in the Appendix] in “Area/energy-
efficient gammatone filters based on stochastic computation”
present a novel stochastic computation approach to be able
to replace power-and-area hungry multiplier used in dig-
ital filters resulting in an area efficient hardware. More-
over, the authors describe a gain balancing technique to
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significantly improve the computation accuracy of the stochas-
tic hardware. In addition, an efficient dynamic scaling tech-
nique is proposed to reduce the number of required stochastic
bits.

In “Near-threshold RISC-V core with DSP extensions for
scalable IoT endpoint devices,” Gautschi et al. [item 5)
in the Appendix] bring the idea of near-threshold (NT)
computing to the IoT endpoint devices in order to achieve
higher energy efficiency, and the performance scalability.
The authors present a novel NT RISC-V processor core
based on instruction extension and microarchitecture opti-
mization in particular in shared memory hierarchy. Accord-
ing to the results, the proposed core is 3.5× faster and
3.2× more energy-efficient on average compared with the
traditional cores.

Kanduri et al. [item 6) in the Appendix] in “Accuracy-aware
power management for many-core systems running error-
resilient applications” present a novel approximate dynamic
voltage and frequency scaling (DVFS) technique by lever-
aging accuracy-performance tradeoffs in IoT and machine
learning applications. The authors propose to consider the
sensitivity of applications to timing errors to adjust the power-
performance of the system by DVFS. The results show that the
proposed approximate DVFS leads to 5× better performance
per energy and 1.9× higher throughput than the traditional
DVFS systems.
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