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Welcome to IEEE Micro’s Special Issue on
FPGA Computing. FPGAs have become
ubiquitous in designing, evaluating, and

accelerating heterogeneous computing architectures.
From early uses, such as accelerating network packet
processing, signal processing, and logic emulation,
FPGAs are now additionally used across the comput-
ing fabric in IoT devices, memory and storage systems,
and as compute node accelerators. With the profusion
of System-on-Chip (SoC) designs, FPGAs with embed-
ded processors offer unique opportunities for micro-
architectural innovation in closely integrating custom
logic with the cache hierarchy and CPU cores.

This special issue of IEEE Micro explores cutting-
edge research on topics that relate to FPGAs in com-
puting. Our call for papers invited industry and aca-
demic researchers to consider these research
challenges and resulted in a total of 21 submissions.
We want to thank both the submitting authors and
the numerous reviewers who participated in this pro-
cess to create, identify, and improve the accepted
submissions through our review process, which identi-
fied seven submissions for inclusion in this special
issue. The selected articles cover a wide range of
topics from heterogeneous computing system design
to custom compute solutions for application accelera-
tion to emulation.

Designing heterogeneous systems comprising one
or more processors with one or more hardware accel-
erators is a very active research area. Key research
questions include how to properly integrate the hard-
ware accelerators into the compute platform’s hierar-
chy. The article “Accelerator integration for open-
source SoC design” describes a design flow that facili-
tates the integration of hardware accelerators and
software in heterogeneous systems for SoC designs.

Additionally, researchers are interested in how to
convert existing solutions purely described in software
to a combination of hardware and software. As

designers move computing loads to the edge to
reduce data movement and energy consumption,
there are questions as to which components of an
application are the most appropriate to migrate from
software to hardware for acceleration. As the number
of software designers outnumbers the number of
hardware designers by about an order of magnitude,
the ability to automatically translate a software binary
into hardware is extremely attractive as presented in
the article “A binary translation framework for auto-
mated hardware generation.”

THIS SPECIAL ISSUE OF IEEE MICRO
EXPLORES CUTTING-EDGE RESEARCH
ON TOPICS THAT RELATE TO FPGAs IN
COMPUTING.

FPGAs have long been used to create custom
compute solutions for high-performance applications
that leverage their customization, opportunities for
parallel processing, and deep pipelines. The article
“Accelerating phylogenetics using FPGAs in the cloud”
describes a proof-of-concept, custom, FPGA-based
computing solution that is able to process phyloge-
netic analyses by nearly 10� faster than via a CPU
using AVX2 extensions.

With the growth of AI and machine learning appli-
cations, FPGAs have been considered for CNN and
DNN applications, which are often mapped to GPUs.
Lower precision CNNs can reduce computational
complexity and the bandwidth requirements on a plat-
form, but they may also lead to unacceptable accu-
racy degradation. The article “High-performance
mixed-low-precision CNN inference accelerator on
FPGA” proposes mixed low-precision representations
and computations to improve performance and
throughput without unacceptably degrading accuracy.

The need for energy efficiency in data centers has
led to the growing use of FPGAs for applications domi-
nated by data movement. Combining FPGA computa-
tion with attached high-bandwidth memory as a near
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memory offload engine to traditional compute servers
offers the opportunity to reduce data movement while
simultaneously performing compute operations in
power-efficient FPGAs. This approach is demon-
strated in the article “FPGA-based near-memory accel-
eration of modern data-intensive applications” with
two kernel applications for genomic analysis and
weather prediction.

THE SELECTED ARTICLES COVER A
WIDE RANGE OF TOPICS FROM
HETEROGENEOUS COMPUTING
SYSTEM DESIGN TO CUSTOM
COMPUTE SOLUTIONS FOR
APPLICATION ACCELERATION TO
EMULATION.

Quantum computing represents another key
research area as researchers consider alternate com-
pute models for solving challenging search-space
problems. As quantum computing becomes a more
active area of research, it is important to be able to
emulate the computations that they might perform.
The article “FPGA-accelerated quantum computing
emulation and quantum key distillation” provides a
survey of current work in using FPGA to accelerate
quantum computing emulation that leverages their
ability to provide deep pipelined parallelism in con-
junction with custom-precision operations.

Our final special issue article considers the chal-
lenging area of system emulation. Verifying increas-
ingly complex computing platforms is a significant
challenge in the chip design process. The authors of
“Accessible, FPGA resource-optimized simulation of
multiclock systems in FireSim” provide an open-
source, FPGA-accelerated, cloud-hosted hardware
emulation platform that tries to balance the need for
accurate emulation against faster and cheaper proto-
typing solutions. Toward this goal, FireSim has been
updated with two new capabilities in this article: multi-
cycle resource optimizations and support for multi-
clock systems.

In closing, we would again like to thank all those
who submitted manuscripts for consideration in this
special issue and all of the reviewers who helped us

select and guide authors in how to improve the articles
you see here. We would also like to acknowledge the
time and efforts of Lizy Kurian John to help us navigate
this process and create this special issue. We hope you
thoroughly enjoy reading the articles herein.
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