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I. INTRODUCTION

RISC-V, being an open and free Instruction Set Architecture (ISA),
is gaining huge popularity as processor ISA in Internet-of-Things (IoT)
devices. We propose an open source RISC-V based Virtual Prototype
(VP) demonstrator (available at http://www.systemc- verification.org/
riscv-vp). Our VP is implemented in standard compliant SystemC using
a generic bus system with TLM 2.0 communication. At the heart of our
VP is a 32 bit RISC-V (RV32IMAC) Instruction Set Simulator (ISS)
with support for compressed instructions. This enables our VP to emu-
late IoT devices that work with a small amount of memory and limited
resources. Our VP can be used as platform for early SW development
and verification, as well as other system-level use cases. We support the
GCC toolchain, provide SW debug, coverage measurement capabilities
and support the FreeRTOS and Zephyr operating systems. Our VP
is designed as configurable and extensible platform. For example we
provide the configuration for the RISC-V HiFivel board from SiFive.

II. RISC-V VP OVERVIEW

A. Architecture Overview

Fig. [I] shows an overview of the general architecture of our VP.
Besides the ISS, targeting the RISC-V RV32IMAC instruction set, we
provide a TLM bus with an essential set of peripherals, including the
RISC-V specific CLINT and PLIC peripherals. All components are
attached to the the TLM bus at specific non-overlapping address ranges
to enable routing of transactions. Timer interrupts are processed by the
RISC-V specific Core Local Interrupt Controller (CLINT) and can be
configured through memory mapped I1O. Interrupts from other com-
ponents are handled by the RISC-V specific Platform Level Interrupt
Controller (PLIC). The PLIC collects and prioritizes interrupts and then
routes them to the ISS. An ELF loader is provided to parse and load an
executable RISC-V ELF file into the memory and setup the program
counter in the ISS accordingly.

B. Performance Optimizations

We have implemented two optimization techniques in our VP that
result in significant simulation speed-ups. The first optimization is a
direct memory interface to fetch instructions and perform load/store
operations from/to the (main) memory more efficiently. The second is a
temporal decoupling technique with local time quantums to reduce the
number of costly context switches, especially, in the ISS.

C. Extension and Configuration

It is very easy to add additional components (i.e. peripherals/con-
trollers) and attach them to the bus system at a new address range, or
change the address mapping of the existing components. This allows
for an easy (re-)configuration of the VP. Support for additional RISC-V
ISA extensions (beyond IMAC) can be added inside the ISS by ex-
tending the decode and execute functions accordingly. In general the
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Fig. 1. RISC-V VP architecture overview

compact implementation size makes the VP very manageable and thus
suitable as foundation for different application areas.

D. HiFivel Configuration Example

As an example we provide the configuration matching the HiFivel
board from SiFive. The HiFivel is based around a SoC that integrates
a RISC-V RV32IMAC core with several peripherals and memories.
Interrupts are processed by the CLINT and PLIC peripherals as spec-
ified by the RISC-V ISA. An SPI flash memory is provided to store
the application code and a small writable memory (DTIM) to hold the
application data.

E. Eclipse-based Application SW Debugging

Our VP provides SW debug capabilities in combination with the
Eclipse IDE by implementing the GDB Remote Serial Protocol (RSP)
interface. Debugging for example enables to step through the SW line
by line, set (conditional) breakpoints, obtain and even modify variable
values and also display the RISC-V disassembly (with the ability to
step through the disassembly). Debugging can also be extremely helpful
on the VP level to investigate errors, due to the deterministic and
reproducible SW execution on the VP.

F. Timing Model

We provide a simple and configurable instruction-based timing
model in the ISS and by following the TLM 2.0 communication stan-
dard, transactions can be annotated with optional timing informations
to obtain a more accurate timing model of the executed software. We
are working on integration of more precise timing models.
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