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Introduction

• RISC-V technology is key for autonomous decision making

• Extendable ISA to boost AI applications (vector, compressed)

• Power efficient 

• Better performance (KPIs)

• Promising for performing complex AI tasks for longer durations and at lower temperatures

• Very vibrant community

• Rapid expansion in technologies, tools, ecosystems

• Lack of licensing fees has economic implications that make it attractive to businesses
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State-of-the-art
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• REBECCA has chosen to build the processor subsystem upon the CVA6 processor core, which implements the 
RV64GC RISC-V ISA, fully supporting a Unix/Linux operating system. EXA will provide the design and the NOC.
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Research Goals

• A power efficient architecture with all its SW/HW components for the development of efficient edge-AI 

nodes/systems

• In order RISC-V processor

• Shared memory model 

• A processing subsystem addressing the requirements of several application domains

• Scalable chiplet-based architecture

• A complete SW stack taking full advantage of the underlying hardware
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Methodology

• RISC-V Processing Sub-system

• AI & Security HW Accelerators

• Custom OS on RISC-V 

• Custom SW device drivers
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REBECCA RISC-V Architecture
• ASIC

• Multi-core RISC-V

• HyperRAM Memory 
controller

• HW Accelerators (IDS, NMP, 
Neuromorphic)

• Chip-to-chip

• FPGA

• Chip-to-chip

• Accelerators: AI, ML, CNN

• DDR Memory controller

• Ethernet
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Global Shared Address Space

• Hardware Global Routing

• Chiplet-to-Chiplet

• Accelerators access host 
memory

• 2 HyperRAM channels

• Software Device Driver

• Memory allocation

• Non cacheable or flash 
cache

• Physical addresses to 
accelerators
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Initial emulation platform

• Initial emulation prototype – U55C-based

• 4 interconnected U55C dev. Boards

• 100 GigE

• Several accelerators as well as system SW

• Features that cannot be emulated, memory controller, SD memory, JTAG/UART interfaces, 
and chip-to-FPGA interconnection
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HyperRAM FMC Module

•HyperRAM FMC module

• Developed by ETH featuring 8 
HyperRAM chips (512MB).

• Bring-up & testing by EXA and 
ETH: soldering issues in some 
boards

•New HyperRAM FMC module

• Developed by EXA, featuring 8 
HyperRAM chips, an SD card and 
JTAG to fully emulate ASIC
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New HyperRAM module (under 
development)

• 2 HyperRAM channels/ports each 
connected to 4 HyperRAM memory chips

• SD Card

• JTAG

• FMC connector

• Regulators
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Emulation Flow
• ASIC emulation

• Multi-core RISC-V

• HyperRAM Memory controller (shared 
memory)

• Accelerators: IDS, NMP Neuromorphic

• Chip-to-chip
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REBECCA ALINX-based prototype
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FPGA Design

• Integrated HW Design on ALINX includes

• The RISC-V CVA6-based sub-system

• A new HyperRAM memory controller 

• Based on the open-source HyperRAM controller by ETH’s Pulp project

• The controller supports two parallel HyperRAM channels 

• AXI interconnect from EXA 

• IDS accelerator from TUC 

• Hardware resources
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Software Development

• SW on ALINX

• A proper Linux image corresponding to the 

new system has been implemented

• Successfully booted Linux (first time CVA6 on 

ALINX) using 512MB HyperRAM as main 

memory 

• IDS device driver (user space and uio driver) 
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Conclusion

• Prototyped the fist CVA6 implementation on a ALINX development board

• Integrated shared main memory capabilities to the RISC-V subsystem

• Integrated custom functional IP blocks, e.g. IDS

• Created the necessary OS files for booting Linux

• Created the necessary FW for user space - hardware IP communication
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