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Reconfigurable Computing in Memory Banks

Context

Lab-STICC is a research unit historically recognized in the field of information and communication
technologies covering a broad scientific spectrum around digital sciences, and in particular with ability to
address various disciplinary fields (Information Theory, Waves & Materials, Embedded Electronics and
Computing, Data Sciences, Communication and Signal Detection..) following multiple themes/application
sectors. The ARCAD Team, mainly located at Université de Bretagne-Sud (UBS), started in 2011 to work in
the field of Coarse Grained Reconfigurable Architectures (CGRA) and in the field of edge AI through national
and international projects.

The previous work in ARCAD team include:

1. Different AI accelerators targeting Content Adressable Memories (CAM) designed and prototyped on
FPGA [1]. Efficient generation of FPGA-based CNN Accelerators from High-Level Descriptions with the
help of complete DSE tool in collaboration with CEA [2].

2. CGRAs and associated compilation tool for Ultra-Low Power (ULP) design, transprecision and
embedded AI also investigated in this context [3][4][5][8].

3. Dataflow and near-memory computing [6][7].

The AdaptING project proposes a new architectural paradigm called adaptive architecture, which aims to
make hardware adaptable to any given AI application and its constraints in terms of accuracy, energy, latency,
and reliability. This approach goes beyond the current state-of-the-art hardware architectures and targets the
next generation of AI by investigating and designing flexible, efficient, sustainable, and reliable embedded AI
on adaptive architectures.

Scientific challenge

Memory is a vital part of any digital system. It is used to store the programs as well as the data which these
programs operate on. The memory must therefore be (very) fast, but ideally also (very) large, and
inexpensive. The impossible meeting between these three requirements through a unique technology has led
to proposing hybrid solutions based on a memory hierarchy, thus relying on various memory technologies.
Cache memory, embedded as close as possible to the processor, on the same chip, is a key element of this
hierarchy, giving the programmer the illusion of both fast and large memory.

Through the numerous hardware solutions implemented from generation to generation, more and more
transistors in a circuit are allocated for the sole purpose of improving memory access. In many cases, more
than 80% of the area of a chip is dedicated to caches, memories and memory controllers, interconnects, etc.,
whose sole purpose is to store/transfer data or control the storage/transfer of data. Memory accesses are
more expensive than an arithmetic operation [9]. As a result, the total energy spent for moving data has



reached excessive proportions. In a mobile system, memory aspects alone can consume up to 62% of its
energy [10].

AI applications, and especially machine learning ones, further exacerbate the pressure on the memory
subsystem by continuously accessing an ever increasing volume of data. Most of the kernels of AI
applications present a low arithmetic intensity, with very simple operations, like addition of a bias for instance,
or data clipping for a ReLU. However, they require many data movements for simple computations, hurting
their energy efficiency. To tackle this issue, reconfigurable devices have been heavily studied from the
computation angle, by offering customisable computation capabilities to relevantly balance flexibility and
performance. The computing in-memory or computing near-memory techniques have also been proven
interesting approaches to avoid incessant data movements.

The idea is to join these two trends and consider the reconfigurability feature from the other main angle: the
memory.

Goals

The goal of this thesis is to explore a reconfigurable memory architecture that embeds some lightweight and
elementary computing capabilities, like simple additions or comparisons. This kind of approach is expected to
save some data movements between the local memory and the main computing components of the chip.

The objectives are: (i) to update on the bibliography related to computing in-memory, reconfigurable devices,
embedded AI, (ii) to propose a new hardware/software solution for reconfigurable computing inside the
memory banks, (iii) to run experiments on applications from the embedded AI domain.
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