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Guest Editorial
Memristive-Device-Based Computing

ODAY'’S and emerging computing tasks are extremely

demanding in terms of storage, energy efficiency, and
computing efficiency; data-intensive/big-data applications and
Internet-of-Things are couple of examples. In addition, today’s
computer architectures and device technologies are facing
major challenges making them incapable to deliver the
required functionalities and features. Computers are facing the
three well-known walls [1)]: the memory wall, the instruction
level parallelism wall, and the power wall. Similarly, nanoscale
CMOS technology is facing three walls [2)]: the reliability
wall, the leakage wall, and the cost wall. In order for comput-
ing systems to continue to deliver sustainable benefits for the
foreseeable future society, alternative computing architectures
have to be explored in the light of emerging new device
technologies. Using memristive device technology [3)] to
enable new computing paradigms such as computation-in-
memory architecture [4)-7)] is one of the emerging alternatives
that could provide a huge potential in terms of energy and
computing efficiency.

This Special Issue aims at presenting novel solutions for
any aspect related to memristive-device-based computation-in-
memory. From over 100 received submissions from experts in
the field, only 24 papers have been accepted to be included
in this issue. These 24 papers cover various areas related
to memristive-based computing, including memristive devices
for memory design, logic circuit design, secure hardware,
architecture, accelerators, and even design automation aspect.

Four papers are related to memory design. The paper titled
“Two-Phase Read Strategy for Low Energy Variation-Tolerant
STT-RAM” by Park and Yim proposes an adaptive two-phase
read strategy that allows reliable reads under high variability at
a substantially lower energy of spin-transfer torque magnetic
random access memory (STT-MRAM) design. The paper titled
“A Search Algorithm for the Worst Operation Scenario of a
Cross-Point Phase-Change Memory Utilizing Particle Swarm
Optimization” by Kim et al. addresses precise read margin
evaluation for cross-point array of a phase change RAM
using the particle swarm optimization algorithm. The paper
titled “Experimental Investigation of 4-kb RRAM Arrays
Programming Conditions Suitable for TCAM” by Grossi et al.
provides extensive characterizations of multi-kilobit resistive
RAM (RRAM) arrays during forming, set, reset, and cycling
operations. The paper titled “A 2MIM Crossbar Architec-
ture: Memory” by Teimoori et al. discusses a transistor-less
memory cell 2M1M-based crossbar architecture, suitable for
both storage and computation-in-memory.

Digital Object Identifier 10.1109/TVLSI.2018.2878679

Four papers cover aspects related to logic and circuit design.
The paper titled “Three-Dimensional Pipeline ADC Utilizing
TSV/Design Optimization and Memristor Ratioed Logic” by
Mirzaie et al. presents a pipeline ADC architecture with a
novel 3-D clock distribution network utilizing through-silicon
being able to implement memristor ratioed logic as the basic
elements of digital error correction subblock. The paper titled
“Design Considerations for Energy-Efficient and Variation-
Tolerant Nonvolatile Logic” by Yang et al. provides an archi-
tecture and a method for variation-tolerant, energy-optimal
design of a nonvolatile flip-flop that uses an STT magnetic
tunnel junction as the nonvolatile device. The paper titled
“Configurable Logic Operations Using Hybrid CRS-CMOS
Cells” by Wang et al. investigates the use of the complemen-
tary memristive switch CRS-CMOS cell for the realization of
several logic operations including IMPLY, AND, and OR. The
paper titled “Design and Synthesis of Self-Healing Memristive
Circuits for Timing Resilient Processor Design” by Kong et al.
leverages memristive technology (such as RRAM) to perform
self-healing against design variation in modern chips.

Two papers deal with security aspects. The paper titled
“CSRO-Based Reconfigurable True Random Number Gener-
ator Using RRAM” by Govindaraj et al. explores memristive
technology and features such as cycle-to-cycle variations and
random telegraph noise for the true random number generator
design. The paper titled “Memristors for Secret Sharing-Based
Lightweight Authentication” by Arafin and Qu investigates the
nature of memristive devices and how they can be used for
secure and lightweight authentication.

Eight papers deal with aspects related to architectures and/or
accelerators for specific applications. The paper titled “Code
Acceleration Using Memristor-Based Approximate Matrix
Multiplier: Application to Convolutional Neural Networks”
by Nourazar et al. investigates the feasibility of building a
memristor-based approximate accelerator to be used in coop-
eration with the general-purpose 86x processor. The paper
titled “Networked Power-Gated MRAMs for Memory-Based
Computing” by Diguet et al. proposes an architecture which
is based on the network-on-chip to interconnect MRAM-based
clusters, processing elements, and managers. The paper titled
“Accelerating k-Medians Clustering Using a Novel 4T-4R
RRAM Cell” by Rupesh et al. discusses an RRAM-based
memory-centric hardware accelerator for in situ k-medians
clustering based on bit-serial median rank order filters. The
paper titled “Via-Switch FPGA: Highly Dense Mixed-Grained
Reconfigurable Architecture With Overlay Via-Switch Cross-
bars” by Ochi et al. explores the use of memristive crossbar
(on BEoL layers) to provide a programmable interconnection
for a highly dense reconfigurable architecture. The paper
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titled “Exploiting Memristors for Compressive Sampling of
Sensory Signals” by Qian et al. explores the nondeterminism
of memristive devices for compressive sensing applications
allowing ultra efficient signal acquisition with much fewer
measurements. The paper titled “Memristor-Based Hardware
Accelerator for Image Compression” by Halawani et al. analy-
ses and demonstrates the area, speed, and energy efficiency of
a memristive crossbar for implementing the lossy Haar 2-D
discrete wavelet transform image compression algorithm. The
paper titled “High-Throughput Pattern Matching With CMOL
FPGA Circuits: Case for Logic-in-Memory Computing” by
Madhavan et al. addresses the speedup of pattern matching
tasks and multidimensional associative searches by program-
ing the memristive devices in the crossbar to perform logic or
interconnect functions. The paper titled “Stateful Memristor-
Based Search Architecture” by Halawani et al. proposes a
memristor-based stateful search engine architecture for image
matching and pattern inspection.

Five papers address aspects related to neuromorphic/deep
learning system implementation using memristive devices. The
paper titled “ReRAM-Based Processing-in-Memory Archi-
tecture for Recurrent Neural Network Acceleration” by
Long et al. presents a recurrent neural network accelerator
design with RRAM-based processing-in-memory architecture.
The paper titled “A Hardware Architecture for Columnar
Organized Memory Based on CMOS Neuron and Memristor
Crossbar Arrays” by Shamsi et al. proposes a hardware
architecture for columnar organized memory (brain-inspired
associative memory with large capacity and robust retrieval)
based on low-power neuron and crossbar memristor array. The
paper titled “A 4-Transistors/1-Resistor Hybrid Synapse Based
on Resistive Switching Memory (RRAM) Capable of Spike-
Rate-Dependent Plasticity (SRDP)” by Milo et al. presents an
RRAM-based spike-rate-dependent plasticity synapse with a
4-transistors/1-resistor structure. The paper titled “Neuro-
morphic Vision Hybrid RRAM-CMOS Architecture” by
Eshraghian, Jr., et al. proposes a low-power silicon-based
retinal network, which can generate four types of ganglion cell
output signals. The paper titled “SRMC: A Multibit Memristor
Crossbar for Self-Renewing Image Mask™ by Shang et al.
proposes a self-renewing computing-in-memory unit, which
executes the mask algorithm for deep learning.

respectively.
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One paper covers the automation aspect. The paper titled
“On Synthesizing Memristor-Based Logic Circuits With Min-
imal Operational Pulses” by Wang er al. proposes a synthesis
algorithm to deal with the fan-out problems in memristor-
based logic circuit design using implication logic.
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