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Energy efficiency has emerged as a major barrier to performance
scalability for modern processors. On the other hand, significant
breakthroughs have been achieved in memory technologies
recently [1-4, 6]. As such, the fascinating idea of memcomputing
(i.e., use memory for computation purposes) has drawn wide
attention from both academia and industry as an effective remedy.
Compared with conventional logic computing, memory array
provides large set of parallel resources with high bandwidth,
which can be configured to perform in-situ computing and
information processing, leading to drastic reduction in processor-
memory traffic. It will not only make computations more power-
and speed-efficient, but also smarter. In addition, it exploits the
advances in memory technologies (e.g., [8, 9]) and integration
approaches (e.g. 3D integration [11-17]) to achieve better
technology scalability. This special session includes three
presentations that offer a broad-spectrum retreat on this hot topic.

The first presentation of this special session, titled
Memcomputing: a brain-inspired computing paradigm and given
by Prof. Pershin from University of South Carolina, focuses on a
memcomputing paradigm that employs two-terminal electronic
devices with memory (memelements), namely, memristive,
memcapacitive or meminductive systems [1], to store and process
information at the same physical location. Complex networks of
such devices can be considered as massively-parallel processors
(Figure 1) performing computation in an unconventional way [2].
In order to fabricate a viable memcomputing device, several
criteria must be met. Specifically, the scheme requires: 1) Scalable
massively-parallel architecture with combined information
processing and storage. 2) Sufficiently long information storage
times. 3) The ability to initialize memory states. 4) Mechanisms
of collective dynamics, strong ‘memory content’. 5) Ability to
read the final result from the relevant memelements. 6)
Robustness against small variations and noise.

In particular, the authors have investigated a representative
memcomputing architecture based on two-dimensional networks
of memristive devices [3,4]. The main advantage of this
architecture is based on the analog parallel dynamics of many
memristive elements. The authors show that such networks can
efficiently solve various shortest-path optimization problems [4].
The presence of memory promotes self-organization of the
network into the shortest possible path(s). One can introduce a
network entropy function to characterize the self-organized
evolution and show that the entropy decreases as the shortest-path
solution emerges in an initially homogeneous network.
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Additionally, the memristive networks have a remarkable ability
to repair damaged solutions. This property is very similar to the
self-healing ability of human brains.

Figure 1. Illustration of a processor formed by massively-parallel
memelements.

It is worth mentioning that similar considerations apply to
networks of memcapacitors and meminductors, and networks with
memory in various dimensions. Some work has already been done
along these lines. For example, the recently developed concept of
Dynamic Computing Random Access Memory [5] utilizes
memcapacitors to store and process information directly in
memory at low energy cost.

The second presentation of this special session [6] proposes a
novel hardware accelerator framework that transforms high-
density memory array into a configurable computing resource to
accelerate variety of tasks — both compute- and data-intensive.
Since energy-efficiency has emerged as a major barrier to
performance scalability for modern processors, a computing
paradigm that transfers data-intensive application kernels into the
last level of memory (LLM) and performs computation within the
LLM is imperative to overcome the bottleneck. Such an in-
memory computing paradigm can be realized by implementing a
reconfigurable computing fabric in the LLM to map data-intensive
applications (Figure 2). It transforms the regular block-based
organization of memory arrays into a fabric of reconfigurable



computing  resources connected through programmable
interconnects. To enable the computing paradigm, however, the
LLM technology should be compatible for logic integration.
Fortunately, existing NAND/NOR flash memory as well as most
emerging non-volatile memory technologies (e.g. resistive and
spin-based) are logic-compatible, allowing the required
transformation.
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Figure 2: In traditional computing systems, Von Neumann
bottleneck is a barrier to improving energy-efficiency for data-
intensive applications. An in-memory computing framework can
serve dual purpose of storage and computing on demand to
mitigate this bottleneck.

As such, the authors exploit the block-based architecture of
nanoscale memory to create a spatially connected array of
lightweight processors, each of which uses a memory block as its
local memory. The proposed framework provides some unique
advantages for hardware acceleration compared to conventional
accelerators: 1) memory array provides large set of parallel
resources with high bandwidth, which can be configured to
perform computing in spatio/temporal manner leading to dramatic
reduction in processor-memory traffic; 2) many complex
functions in the domains of security, signal processing,
communication, and informatics are suitable for mapping to
memory as large multi input/output lookup tables (LUTs); 3) it
brings the computing engine close to the data, thus drastically
minimizing the von Neumann bottleneck; 4) finally, it exploits the
advances in memory technologies and integration approaches e.g.
3D integration to achieve better technology scalability compared
to alternative reconfigurable accelerator platforms.

To enable hardware acceleration through memcomputing, a
software framework is also needed for application mapping as
well as automatic extraction of application kernels that are
amenable to mapping into the proposed framework. Towards this,
the authors also propose an efficient application mapping process
that can efficiently map complex application kernels from their

control and data flow graph (CDFQG) into the proposed framework.

Simulation results for several common applications show that the
proposed computing approach provides over 91X improvement in
energy efficiency compared to software execution which is 5-10X
better compared state-of-the-art reconfigurable accelerator
platforms while achieving significantly lower hardware overhead.

The third presentation of this special session [10] introduces
MSim, a general yet open-to-public cycle accurate simulation
platform that aims at motivating further studies in memcomputing.
Although there have already been a few studies in advanced
memcomputing technologies, the validation of their results are
still performed by various in-house tools. The lack of open
simulation platform has created an invisible barrier for those who
newly enter this research field, and also make it difficult
memcomputing technologies to be compared in a fair manner.

To address this problem, the simulation platform presented by
the authors consists of the following tool chains: 1) A scheduler
that statically schedules the operations to be computed in-memory.
2) An annotation engine that extends the existing instruction set
architectures (ISAs) to support new memcomputing operations. 3)
A cycle-accurate microarchitecture level simulator engine based
on Gem5 [7] that accepts the annotated application for detailed
simulation. 4) A report engine that provides user friendly
simulation results. An overview of the platform structure is shown
in Figure 3.
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Figure 3. The structure of the cycle accurate simulation platform
for memcomputing introduced in [3].

num_memcomp_insts 1021

The overall goal of MSim is to provide an open yet flexible
infrastructure for various memcomputing studies. It can either be
directly used to evaluate the performance of memcomputing
technologies in conventional computer systems, or as the starting
point to explore other architecture level or computing paradigm
innovations with minimal development efforts.

In summary, we hope that the three presentations in this special
session can inspire more follow-up works in the field of
memcomputing, an emerging technology that can potentially
change our computing paradigm in the near future.
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