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4. RS5 PROCESSOR

This Chapter presents the first contribution of this Dissertation: an improved ver-
sion of the RS5 processor. This version includes new RISC-V extensions and mechanisms
like branch prediction, compressed instructions, atomic memory accesses, and cryptogra-
phy acceleration.

RS5, developed initially by the Author of this work – Nunes et al. [2024], is a RISC-
V processor that implements the RISC-V RV32I ISA alongside multiple optional extensions
and the Machine and User privilege levels. Figure 4.1 presents the RS5 organization, where
green rectangles separate the four pipeline stages: instruction fetch (IF), instruction decode
(ID), execution unit (XU), and retire unit (WB). Control signals are represented in red and
optional units are dashed.

The purple line delimits the core. Components in dashed blue lines are optional. Green
components are temporal barriers. Signals that control the pipeline stall are marked in red,
and the hold signal is dashed due to only occurring on multicicle instructions that are only
present in optional extensions.

Figure 4.1: RS5 Organization. Source: the Author.

The RS5 offers design parameters to define the inclusion of optional features (ex-
tensions and features). Table 4.1 shows all the RS5 top-level parameters.

The parameters correspond to:

• Environment – allows to quickly switch between ASIC and FPGA constructions.

• MULEXT – parameter to select whether or not to include hardware acceleration for multi-
plication and division (M Extension) or multiplication only (Zmmul Extension).

• AMOEXT – atomic extension that adds instructions that atomically read-modify-write mem-
ory contents.


