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Abstract—The conventional approach of moving stored data
to the CPU for computation has become a major performance
bottleneck for emerging scale-out data-intensive applications due
to their limited data reuse. At the same time, the advancement
in integration technologies have made the decade-old concept
of coupling compute units close to the memory (called NearMemory Computing) more viable. Processing right at the home
of data can completely diminish the data movement problem of
data-intensive applications.
This paper focuses on analyzing and organizing the extensive
body of literature on near-memory computing across various
dimensions: starting from the memory level where this paradigm
is applied, to the granularity of the application that could be
executed on the near-memory units. We highlight the challenges
as well as the critical need of evaluation methodologies that can
be employed in designing these special architectures. Using a
case study, we present our methodology and also identify topics
for future research to unlock the full potential of near-memory
computing.
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I. I NTRODUCTION
Over the years memory technology has not been able
to keep up with advancements in processor technology in
terms of latency and energy consumption which is infamously
termed as the memory wall [1]. Earlier, system architects tried
to bridge this gap by introducing memory hierarchies which
mitigated some of the disadvantages of off-chip DRAMs. But
the limited number of pins on the memory package is not able
to meet today’s bandwidth demands of multicore processors.
Furthermore, with the demise of Dennard scaling [2], slowing
of Moore’s law, and dark silicon computer performance has
reached a plateau [3].
At the same time, we are witnessing an enormous amount
of data being generated across multiple areas like radio astronomy, material science, chemistry, health sciences etc [4].
In radio astronomy for example, the first phase of the Square
Kilometre Array (SKA) aims at processing over 100 terabytes
of raw data samples per second, yielding of the order of
300 petabytes of SKA data products annually [5]. The SKA

currently is in the design phase with anticipated construction
in South Africa and Australia in the first half of the coming
decade. These radio-astronomy applications usually exhibit
massive data parallelism and low operational intensity with
limited locality. On traditional systems, these applications
cause frequent data movement between the memory subsystem
and the processor which has a severe impact on performance
and energy efficiency. Therefore, a lot of current research is
being focused on coming up with innovative manufacturing
technologies and architectures to overcome these problems.
Today’s memory hierarchy usually consists of multiple
levels of cache, a main memory, and a storage. The traditional
approach is of moving data all the way up to caches from
the storage and then processing it. In contrast, near-memory
computing (NMC) aims at processing close to where the
data resides. This data-centric approach couples compute units
close to the data and seeks to minimize the expensive data
movements. Conceptually, this principle can be applied to
any level of memory subsystem and with several technology
options, including processing on buffer-on-board (BoB), edgebonding small processor dies on DRAM chips etc [6]. Notably,
three-dimensional stacking is touted as the true enabler of
processing close to the memory. It allows the stacking of
logic die and memory together by means of through-silicon
via’s (TSVs) which helps in reducing memory access latency,
power consumption, and provides much higher bandwidth [7].
Micron’s Hybrid Memory Cube (HMC) [8], High bandwidth
Memory (HBM) [9] from AMD and Hynix, and Samsung’s
Wide I/O [10] are the memory industries competing 3D
memory products.
Figure 1 depicts the system evolution based on the information referenced by a program during execution which is
referred to as a working set [11]. Prior systems were based
on a CPU-centric approach where data is moved to the core
for processing (Fig.1 (a)-(c)), whereas now with near-memory
processing (Fig.1 (d)) the processing cores are brought to the
place where data resides. Computation in-memory (Fig.1 (e))
is an extreme step of completely reducing data movement by
using novel devices (eg. memristors, phase change memory
(PCM)) as these memories have inherent compute capability

