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Å60 Full-time researchers

Å26 Doctors (Faculty, Contracted researchers)

Å21 Doctoral Students

Å13 Researchers

Å50 Part-time, sponsored students (BsC& MsC)

Å4 Administration & Technicians

Some Numbers

Biomedical Applications

Power Electronics

CEIMM is a research center affiliated to the Universidad Polítécnicade Madrid (UPM)

Á UPM is the largest technical university in Spain and also the first in terms of employability.

Á Number 73 in engineering and technology according to QS World University Ranking.

Á UPM is also the first Spanish university to obtain external resources for R&D&I. 

Á CEIMM is the UPM research center specializing in multimedia applications, power 
electronics, and digital embedded systems.

Members of :

Acoustics & Multimedia

Digital Embedded Systems

Center for Industrial Electronics and Multimodal Systems (CEIMM)

Located in the City Center of Madrid



Embedded Systems @CEIMM
Internet of Things

Networked embedded systems 

to face challenges related to the 

era of smart and sustainable 

cities, comprising the integration 

of heterogeneous hardware and 

software technologies. 

Machine Learning at the 

Edge

Embedded circuits for near-

sensor decision making, based 

on HW/SW embedded signal 

processing and machine learning 

techniques.

RISC-V based SoC design 

and custom accelerators

Adaptive RISC-V processors, 

domain-specific ISA extensions, 

mixed-criticality, heterogeneous 

multicores, fault tolerant 

adaptive systems and digital 

accelerators for spiking NNs.

Smart Grids

AC & DC power distribution 

architectures, blackbox modeling 

of power converters, system-

level control strategies, 

integration of IoT technology, 

and stability analysis.

https://github.com/des - cei  

12 Professors

14 full-time PhD students

4 Industrial PhDs

> 15 Part-time Master 

students

Reconfigurable hardware 

and adaptive computing

Reconfigurable computing 

infrastructures for FPGAs, 

CGRAs, compilers and tools for 

reconfigurable systems, 

evolutionary computation. 

Smart Wearables

Combination of multi-parametric 

sensing with adaptive and 

context-aware sampling, Edge AI 

technologies and Affective 

Computing.

Energy Harvesting and 

energy optimization for IoT

Integration of multiple sources, 

storage, and IoT sensor devices, 

Collaborative AI-powered 

Computation offloading 

strategies.

Microelectronic Design

for digital systems

ASIC implementation of digital 

SoCs (TSMC 65 nm), Generative 

AI for system-level and physical 

design.

Cybersecurity for 

embedded systems

Classical and Post quantum 

cryptography in IoT, HW 

accelerators, side channel 

attacks protection for quantum 

safe, integration with RISC-V, HW 

accelerators for QKD key 

distillation and management

https://github.com/des-cei
https://github.com/des-cei
https://github.com/des-cei


Close Collaboration with Companies and Consortiums @CEIMM

Funded by:

Participation in >20 consortiums at national 

and EU level (last 5 years) :

Collaborating with companies in consortia and as subcontracted entities: 

And other universities and research centers



There has never been a better time to be born

05/06/2026

L I F E  E X P E C T A N C Y

1820 ~30 years

Today 73 years

C A N  R E A D  A N D  W R I T E

1820 ~12%

Today 87%
D E S I G N  Y O U R  O W N  C H I P

1990 A fab and millions

Today A laptop
RISC-V, open EDA, open PDKs and shared shuttles



N O W  P L A Y I N G

RISC-V

Open EDA Open 

PDKs Tiny Tapeouts 

and MPWs



Welcome to the Open HW ERA



05/06/2026

Open Source is Collaboration

This is a strategic movement across industries and 

geographies



Open Hardware is a Collaboration Model

Open hardware is hardware whose design is published under a license that lets anyone study, modify, 

build, and sell it. KġĜ ĲÀûĥ× êĜĂƊġ ġçÀġ êġ êĜ áĘ××Ŭ Ìĥġ ġçÀġ À community can co-develop and audit it, as happened 

with Linux and the Internet stack.

Specification / ISA RISC-V ISA / IEEE 802.3

RTL implementation CVA6, Ibex, PULP, XiangShan

Verification & Software core-v-verif, cocotb, GCC/LLVM, Linux

EDA tools Yosys, OpenROAD, Verilator, KLayout

PDK & silicon
SkyWater130, GF180, IHP SG13G2

Tiny Tapeout

Openness is a stack: each layer can be open or closed 

independently

Open hardware is not:
Free of cost: silicon, EDA Licenses,

and engineers still cost money

Unverified or hobbyist: OpenHW

cores follow industrial verification 

plans

A single license: RTL, docs, 

software, and layouts follow different 

rules

The same as an open standard: 

RISC-V is an open ISA; most RISC-

V cores are proprietary



Why Open Hardware?

Open hardware turns competitors, universities and public bodies into co -developers. Each 

partner pays for the differentiating part and shares the commodity part.

Engineering and economics

No redundant work: one verified core, one PDK, one flow 

reused by hundreds of teams, avoiding re-implementations.

Many eyes on the design: bugs, security flaws, and spec 

ambiguities are found by the community, not only by the vendor.

Freedom to customize: add instructions, accelerators, or safety 

features without negotiating a license.

No vendor lock-in, no royalties: the design outlives any 

company.

Transparency and sovereignty: a fully auditable chain from 

RTL to GDS, immune to export controls and vendor exits.

Ecosystem and society

Education and talent: students train on the same cores and tools 

the industry uses; skills transfer without NDAs.

Faster standardization: interfaces (OBI, AXI, CV-X-IF), debug 

and trace converge because reference implementations are public.

Lower entry barrier: start-ups and SMEs can design a chip with 

a laptop, an open PDK and a shared shuttle.

Research reproducibility: papers now include RTL and flows 

that others can rerun and extend.

Trust: safety, security, and space users can inspect what they 

certify instead of trusting a black box.



Licences in Open Hardware
Software licenses do not map cleanly onto hardware  (e.g., GPL): copyright protects the RTL and layout files, but 

not the manufactured chip. Hardware-specific licensesadd patent grants and define what "distribution" means for 

silicon.

Family Licences What you must do Used by

Permissive Apache 2.0, Solderpad 2.x, BSD, 

MIT, ISC, CERN-OHL-P

Keep notices and attribution. Modifications may 

stay closed. Apache/Solderpadadd an explicit 

patent grant.

OpenHW CVA6 (Solderpad 2.1), PULP, lowRISC Ibex 

(Apache), SkyWater and IHP PDKs (Apache), 

OpenROAD (BSD), Yosys (ISC)

Weakly reciprocal CERN-OHL-W 2.0 (like LGPL) You have to share changes introduced  to the 

licensed block; However, it can be integrated in a 

larger, closed design.

Mixed-signal IP, PCBs, some CERN and industrial 

designs

Strongly reciprocal CERN-OHL-S 2.0, GPL/TAPR (like 

GPL)

The whole design that contains the block must 

be published under the same terms when 

products ship .

White Rabbit, CERN instruments, community boards; 

rare in SoC IP

Documentation and 

specs

CC-BY 4.0, CC-BY-SA Attribution (and share -alike for SA). Not suitable 

for RTL or code.

RISC-V ISA manuals, OpenHWdocumentation, 

datasheets

Industry converged on permissive, patent-safe Licenses, enabling RISC-V IP to reach 

commercial silicon.



RISC-V: Open Standard, Open Choices

RISC-V is an open ISA specification, not an open processor. It defines the contract between hardware and 

software once, so that implementations, open or proprietary, compete on quality rather than on lock-in.

Open specification: ISA documents published by RISC-V International 

(Switzerland) under CC-BY 4.0; anyone may implement it, no fee, no permission.

Vendor-neutral governance: ratification by member vote; extensions, profiles 

(RVA23) and platform specs keep the software stack unified.

Modular by design: small mandatory base, standard extensions, reserved space for 

custom instructions.

Implementation freedom: from open cores (CVA6, Ibex, Rocket, BOOM, 

XiangShan) to proprietary IP (SiFive, Andes, Codasip, Tenstorrent).

One software stack for all: GCC, LLVM, Linux, Zephyr and FreeRTOSsupport the 

ISA, not a vendor.

RISC-V ISA
open standard, CC-BY

Open cores
CVA6, Ibex, PULP

Proprietary IP
SiFive, Andes

Academic
Rocket, XiangShan

In-house silicon
NVIDIA, WD, Qualcomm

One contract, many implementations

ISA is the most important interface in a computer system

Where software meets hardware



žFirst major non-proprietary computer architecture 

ž5th generation Reduced Instruction Set Computer (RISC)

žDeveloped at Berkeley in 2010

žSimple instructions 

ÅAvoids many ñcute tricksò that proved overly clever in 
older architectures 

žNo patents or licensing agreements required 

ÅHuge momentum 

žLikely to displace all architectures besides x86 and ARM 

ž12 billion cores shipped by 2022, with expected 40% annual 
compound growth through 2030

RISC-V in a nutshell

RISC-V International: the governing
organizationand communityfor developing 

RISC-V technical specifications(riscv.org)



Why RISC-V?

žSimple

ÅFar smaller than other commercial ISAs

žClean-slate design

ÅClear separation between user and privileged ISA

ÅAvoids microarchitecture or technology-dependent 
features

žA modular ISA designed for extensibility/specialization

ÅSmall standard base ISA, with multiple standard 
extensions

ÅSparse and variable-length instruction encoding 
for vast opcode space

https://www.aestechno.com/en/risc - v- 2026- arm- x86- market/

žStable

ÅBase and standard extensions are frozen

ÅAdditions via optional extensions, not new versions

žCommunity-designed

ÅWith leading industry/academic experts and software developers





RISC-V ISA Organization and Naming
Base ISAs
ï RV32I, RV64I : 32 integer registers, XLEN = 32 / 64

ïRV32E, RV64E: 16 registers for tiny embedded cores, ratified in 2023

ïRV128I: only a sketch; not in the ratified manual

Standard extensions

ïSingle letter: Mmul/div, Aatomics, F, D. Qfloat 32/64/128, Ccompressed, Bbit 

manipulation, Vvector, Hhypervisor

ïGis shorthand for IMAFD_Zicsr_Zifencei , the general-purpose baseline.

ïMulti -letter: Z* unprivileged (Zba, Zbb, Zfh, Zicsr), S* supervisor (Svpbmt, Sscofpmf), X*
vendor custom (Xtheadvector)

ISA string format

ïRV[XLEN][single letters in canonical order][_Z*][_S*][_X*]

ïCanonical order IMAFDQLCBKJTPVH; multi-letter names separated by underscores; optional 

version suffix (m2p0)

ïSame string drives the toolchain: gcc - march=rv64gcv_zba_zbb_zbs and the misa / 

riscv,isa device-tree fields

Profiles replace long strings
ïRVA23U64= RV64GCBV plus ~30 mandatory Z*/S* extensions; a distro targets the profile, 

not a string

Hello
my Architecture is

RV64GC
rv64imafdc_zicsr_zifencei

the same core, spelled out for the compiler



RV32I: Integer Instructions (Base ISA)

ÅR-Type(Register-Type):

Å I-Type (Immediate-Type):

ÅS-Type(Store-Type):

ÅB-Type(Branch-Type):

ÅJ-Type(Jump-Type):

Registeroperandsonly 

Immediate& registeroperands 

Stores

Branches 

Jump

ÅU-Type(Upper-Imm.-Type):Upper-immediateoperand

All RV32I instructions are also part of RV64I. These instructions 
operate on XLEN-bit operands.



The Standard Extensions

19

Extension Instructions
M Multiply, divide, and remainder

F, D, Q Single-, double-, and quad-precision floating-point

operations

A Atomic read-modify-write for synchronization

C Compressed(16-bit)

Zicsr CSRsand CSRinstructions

Zfencei FENCE.I

Zfh Half-precision floating-point

Zk* Cryptography

V Vector

B Bit manipulations

Non-Standard User-Level Extensions

Xext Non-ĜġÀĂÓÀĘÓ ×ĸġ×ĂĜêĉĂ Ƈextƈ



Status of the RISC-V Specifications (2026)

Unprivileged ISA, Manual v20260818 (ratified modules only)
ïFour base ISAs; Vector 1.0, crypto, Zfa, BF16, Zabha, Zalasr(Oct 2025)

ïZilsd / Zclsdload-store pair (Feb 2025); Ziccid I/D coherence (Jun 2026)

Privileged ISA 1.13: Machine, Supervisor and Hypervisor
ïPointer masking, control transfer records, double trap, CFI (Zicfiss, Zicfilp )

ïSspmp(Aug 2026); AIA, IOMMU, supervisor domains for confidential compute

Profiles: the end of fragmentation
ïRVA23 (Oct 2024): vector and hypervisor mandatory; RVA23 server silicon ships 

in 2026

ïRVB23 for custom Linux builds; 

- RVM microcontroller profile being finalized.

Non-ISA: Debug 1.0 (Feb 2025), Server Platform spec, SBI, trace

In progress
ïCHERI as new base ISAs RV32Y / RV64Y for hardware memory safety

ïMatrix extensions for AI (IME, AME, VME); RV128 Ratified spec library: docs.riscv.org

Officiallydefinedat:

https://riscv.org/specifications/ratified/

V20260120 official  doc. 

https://riscv.org/specifications/ratified/


Privilege Modes
Three modes, one direction of trust

ïM-mode (machine): firmware and boot ROM, e.g. OpenSBI. Sees everything, always present

ïS-mode (supervisor): the OS kernel. Owns page tables (satp , Sv39/48/57) and its own trap 

handling

ïU-mode (user): applications. No CSR access, only what the page tables allow

How control moves between modes

ïUp: exceptions, interrupts and ecall (system call). Traps land in M-mode by default; 

medeleg / mideleg hand them to S-mode

ïDown: mret / sret return to the mode saved in mstatus.MPP / sstatus.SPP

ïEach mode has its own CSRs: mstatus, mtvec, mepc, mcause in M; sstatus, 
stvec, sepc, scause in S

What protects what

ïPMP (physical memory protection): M-mode fences physical regions off from S and U; basis 

of TEEs such as Keystone

ïPage tablesisolate processes from each other and from the kernel; sstatus.SUM / MXR
control kernel access to user pages

Valid combinations and the fourth mode

ïM only (bare-metal MCU), M + U (RTOS with protection), M + S + U (Linux). S never 

exists without U

ïH extensionadds HS, VS, VU : the hypervisor runs in HS, guests see a virtual S/U with two-

stage translation. Mandatory in RVA23

Without H

U-mode
applications

S-mode
OS kernel: Linux, Zephyr

M-mode
firmware: OpenSBI, boot ROM

With H extension (RVA23)

VU  |  U
guest apps | host apps

VS  |  HS
guest kernel | hypervisor (KVM)

M-mode
firmware

Privilege grows downward: M-mode is the root of trust of the whole SoC



RISC-V Processor Suppliers

¶Startupsand establishedcompaniessellingIP
¶Alibaba,Andes,Esperanto,Rivos, Semidynamics, SiFive,
¶Tenstorrent, Ventana,WesternDigital

¶In-houseuse
¶Qualcomm,Intel

¶OpenSourceIP
¶OpenHWGroup, PULP

¶Globalcompetition and cooperation
¶Especially theUnitedStates,China,Taiwan,Europe,and India
¶Openarchitecturereducesbarriersto entry



Solutions from PULP (ETH, Univ. Bologna)

ÅAll their development is on GitHub under a permissive license 

ÅHDL source code, testbenches, software development kit, 

virtual platform 

ÅPULP is released under the permissive Solderpadlicense.



CORE-V embedded cores: CVE2 and CVE4

Two 32-bit in -order RISC-V microcontroller cores, industrially verified by the OpenHW Group and used 

in X-HEEP. No MMU, no data cache, M and U modes only, so enabled for bare metal or RTOS, not Linux.

CV32E20 (CVE2)

2-stage pipeline, minimum area and power

Lineage: zero-riscy(PULP), then Ibex 

(lowRISC), simplified and re-verified by 

OpenHW

ISA: RV32I or RV32E, plus M and C

Target: IoT, sensor control, always-on 

domains

Status: verification in progress

CV32E40P (CVE4)

4-stage in-order pipeline, optional FPU

Lineage: RI5CY (PULP), the core of the 

PULPino/ PULPissimoSoCs

ISA: RV32IM[F|Zfinx]C plus Xpulp DSP 

extensions: hardware loops, post-increment 

loads, SIMD

Target: DSP and edge-AI microcontrollers

Status: fully verified, in commercial silicon; 

siblings CV32E40S (safety, security) and 

CV32E40X (custom extensions via X-

interface)

CV32E40P block diagram (OpenHW Group documentation)

ïIF: prefetch buffer, aligner, compressed decoder

ïID: decoder, register file, hardware-loop registers

ïEX: ALU/DIV, MULT/DOTP, LSU, CSR, optional FPU

ïWB: writeback; OBI instruction and data ports



CORE-V application core: CVA6
CVA6 is the OpenHWapplication -class core: a 6-stage, single-issue, in-order RV64GC (or RV32) processor with MMU, 

caches and M/S/U modes, so it boots Linux. Born as Ariane at ETH Zurich, it is now the reference core in multiple 

European RISC-V projects.

Pipeline: PC gen, IF, ID, Issue, EX, Commit. Scoreboard lets EX 

units finish out of order; commit stays in order, so exceptions are 

precise

ISA: RV64GC or RV32GC; optional FPU, B, Zicond; CV-X-IF port 

for custom accelerators

Memory: L1 I/D caches (write-through or HPDcache), Sv39 / Sv32 

MMU with TLBs and hardware page-table walker, PMP

System: M, S, U modes; H extension in progress; AXI4 to the SoC; 

RISC-V debug and trace

Configurable: one SystemVerilogcode base, many configs: from a 

small 32-bit embedded variant to the 64-bit Linux core

Verified and used: core-v-verif UVM environment, industrial 

verification led by Thales; taped out in 22 nm (Ariane, Kraken) and 

adopted by TRISTAN, ISOLDE, RIGOLETTO, among other EU 

projects. CVA6 pipeline: frontend (green), decode and issue (grey), OoO writeback (blue), in-order commit (red)



RISC-V Processors by the OpenHWGroup



Integration Frameworks



this is HEEP

SoC
control RAM

BUS

CPU Peripherals

ṍIt is NOT an MCU
ṉTemplates to build your own MCU
ṉTools around it

cv32e2
cv32e40

x cv32e40p

DMA SPI I2C JTAG UART ṟ

ṟ

1-to -M

N-to -M

Interleaved

1 kB

cv32e2 DMA SPI JTAG

1-to -M

1 kB 10 kB





this is X-HEEP

ṉDomain -extended MCU ṉ tightly -coupled IF
ƺ accelerators and ISA 

extensions
ƺ peripherals and memories
ƺ interrupts and power 

managers

Accelerator

SoC
control RAM

BUS

CPU Peripherals

XAIF

cool 
acceleratorcv32e40x DMA SPI JTAG

1-to -M

1 kB 10 kB

CV-X-IF

Coprocessorcool
coprocessor

cool
coprocessor

cool 
accelerator



this is X-HEEP

ṉDifferent targets (sim, fpga, asic)
ṉSoftware stack

Accelerator

SoC
control RAM

BUS

CPU Peripherals

XAIF

cool 
acceleratorcv32e40x DMA SPI JTAG

1-to -M

1 kB 10 kB

CV-X-IF

Coprocessorcool
coprocessor



X-HEEP in Detail
Ỹ CPU subsystem
Ỹ Bus interconnect
Ỹ Memory banks
Ỹ Power domains
Ỹ Peripherals



CPU Subsystem
Ỹ cv32e20
Ỹ cv32e40p
Ỹ cv32e40x
Ỹ cv32e40px



Bus Interconnect
Ỹ 1-to -N bus
ƺ Low area & energy
ƺ High Latency

DMA

R W

CPU

I D

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

Arbiter + Address Decoder



Bus Interconnect
Ỹ 1-to -N bus
Ỹ M-to -N bus
ƺ Faster (concurrent requests)
ƺ Higher area & energy

DMA

R W

CPU

I D

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

Arbiter + Addr. Decoder

Arbiter + Addr. Decoder

Arbiter + Addr. Decoder



MEMORY

Memory Banks
Ỹ Number
Ỹ Size

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus



MEMORY

Memory Banks
Ỹ Number
Ỹ Size

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus



MEMORY

Memory Banks
Ỹ Number
Ỹ Size

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

SRAM
bank 0



MEMORY

Memory Banks

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

0x00

0x04

0x08

0x0c

0x10

0x14

0x18

0x1c

0x20

0x24

0x28

0x2c

0x30

0x34

0x38

0x3c

Ỹ Number
Ỹ Size
Ỹ Address map



Ỹ Number
Ỹ Size
Ỹ Address map
ƺ Interleaving

MEMORY

Memory Banks

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

0x00

0x10

0x20

0x30

0x04

0x14

0x24

0x34

0x08

0x18

0x28

0x38

0x0c

0x1c

0x2c

0x3c



Ỹ Number
Ỹ Size
Ỹ Address map
ƺ Interleaving

MEMORY

Memory Banks

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

0x00

0x10

0x20

0x30

0x04

0x14

0x24

0x34

0x08

0x18

0x28

0x38

0x0c

0x1c

0x2c

0x3c



MEMORY

Memory Banks

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

0x00

0x10

0x20

0x30

0x04

0x14

0x24

0x34

0x08

0x18

0x28

0x38

0x0c

0x1c

0x2c

0x3c



MEMORY

Memory Banks

SRAM
bank 0

SRAM
bank 1

SRAM
bank 2

SRAM
bank 3

System Bus

0x00

0x10

0x20

0x30

0x04

0x14

0x24

0x34

0x08

0x18

0x28

0x38

0x0c

0x1c

0x2c

0x3c



Power Domains
Ỹ Fine -grained power gating
Ỹ Fine -grained clock gating
Ỹ Save and restore system 

state across power cycles
Ỹ Reset peripherals



Peripherals

Ỹ DMA
ƺ Multi -channel
ƺ 2D, transposition, zero padding & 

sign extension
ƺ Several execution modes
ƺ HW FIFO

CH0

CH1

CH2
any 

other 
signal

B
U
S

RAM



Notable Tools

Ỹ RegTool

Ỹ FuseSoC

Ỹ Verilator



Notable Tools

Ỹ RegTool

Ỹ FuseSoC

Ỹ Verilator

re
g

to
o
l.
p
y

RTL Description

C header

Markdown docs



Notable Tools

Ỹ RegTool

Ỹ FuseSoC

Ỹ Verilator

fusesoc

Handle dependencies

Model build scripts

Simulation scripts



Notable Tools

Ỹ RegTool

Ỹ FuseSoC

Ỹ Verilator



Notable Tools

Ỹ RegTool

Ỹ FuseSoC

Ỹ Verilator



CHEEPs
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Not to scale!



STRELA: Coarse Grain Reconfigurable Accelerators (CGRAs)
The Concept

Á 2D mesh-like array of  reconfigurable functional units with nearest-neighbor bidirectional communication topology.

Á Support the offloading of  loop intensive sections of  code from a host processor, acceleration execution via 

spatially distributing computation.

Á Targeting ASIC as coarse grain reconfigurable device, FPGAs as a reconfigurable overlay, or a chiplet with UCIe 

interf.

Á Attached to a minimum RISC-V for controlling and interface (integrated with 

Chipyard, X-HEEP, and Sargantana).

Á Packaged as an IP with Input/Output nodes and direct memory access 

(different bus interfaces supported).

Á Already implemented as an ASIC in TSMC 65 nm. 
ASIC Implementation: 

TSMC 65nm LP

Integration as SoCs
IP Architecture

Applications: Matrix Multiplication and Machine Learning, DSP, Cryptography algorithms, 
packet filtering and routing tables.

https://github.com/des - cei/strela  

[2404.12503] STRELA: STReaming ELAstic CGRA Accelerator for 

Embedded Systems

https://github.com/des-cei/strela
https://github.com/des-cei/strela
https://github.com/des-cei/strela
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503
https://arxiv.org/abs/2404.12503


Å Tightly coupled NMC matrix unit for embedded RISC-V systems, controlled via the Core-V 
eXtension Interface (CV-X-IF).

Å Compatible with subset of  RISC-V Attached Matrix Extension (AME) proposals.

Å Operands remain in memory instead of registers , only operand locations and metadata are 
stored.

LINCE: Tightly Coupled Near-Memory Computing (NMC) Accelerator

CV-X-IFAddress generation 

supports im2col 

for convolutions

Control unit 

manages the 

metadata table

Multi -bank 

memory

Systolic Array

int8 data with int32 

accumulation



VERMU: Vector Extension with configurable Modular Units

54

The Concept

ÁVector ProcessingUnit (VPU)designed for high-performance parallel computing in edge-oriented applications.

ÁTargetsZve32x Vector Extensionfor 32-bit integer workloads in low-power architectures.

ÁReusableIP for seamlessSoCsintegration by decoupling the VPUfrom the CPUvia CV-X-IF 1.0 and OBI.

ÁConfigurableparallelization through scalableRegisterFile dimensionsand computing unit replication.

ÁTheutilization of computational units dependson the number of elementsand their operand width.

https://github.com/des - cei/vermu  

Scalar

add r3,r2,r1
Vector

vadd v3,v2,v1

https://github.com/des-cei/vermu
https://github.com/des-cei/vermu
https://github.com/des-cei/vermu


The Concept

Lightweight, processor-centric accelerator framework for safety-critical applications, built around RISC-V cores and incorporating run-
time reconfigurable fault-tolerance techniques such as TCLS, DCLS, and time-diverse DCLS at system level.

EROS: Extensible and Reliable Offloading Solution

https://github.com/des-cei/eros 

ÁPrincipal features

CPU System: Multiple options between 
CV32E20(x), CV32E40P and
CV32E40PX.

Compatible with the Core-V eXtension
interface (CV-X-IF) or MMIO accelerators.

Fully open-source platform based on IPs 
collection from X-HEEP, OpenHWand 
PULP-Platform ecosystems.

https://github.com/des-cei/eros
https://github.com/des-cei/eros
https://github.com/des-cei/eros
https://github.com/des-cei/eros

