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Center for Industrial Electronics and Multimodal Systems (CEIMM)

CEIMM is a research center affiliated to the Universidalitécnicade Madrid (UPM)
A UPM is the largest technical university in Spain and also the first in terms of employability.
A Number 73 in engineering and technology accordin@®World University Ranking.

A UPM is also the first Spanish university to obtain external resources for R&D&I. =
A CEIMM is the UPM research center specializing in multimedia applications, power POLITECNICA
electronics, andligital embedded systems 1
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Embedded Systems @CEIMM

and custom accelerators and adaptive computing for digital systems

D 4 2

/RISGV based SoC desigh /Reconfigurable hardware\ /Microelectronic Design\ / Internet of Things \ / Cybersecurity for \

embedded systems

1L

. L
RISC "@%H =i : B Classical and Post quantum
Adaptive RISEV processors, el — — Networked embedded systems cryptography in l1oT, HW
domainspecific ISA extensions, Reconfigurable computing ASIC implementation of digital to face challenges related to the accelerators, side channel
mixed-criticality, heterogeneous infrastructures for FPGAs, SoCs (TSMC 65 nm), Generative era of smart and sustainable attacks protection for quantum
multicores, fault tolerant CGRAs, compilers and tools for Al for systemlevel and physical cities, comprising the integration
adaptive systems and digital

safe, integration with RIS&/, HW
reconfigurable systems, design. of heterogeneous hardware and accelerators for QKD key
Kaccelerators for spiking NNS./ k evolutionary computation.

software technologies.

/ \ / k / kdistiIIation and management/
ﬂ/lachine Learning at the\ / Smart Wearables \ / Energy Harvesting and \ / Smart Grids \
Edge )

energy optimization for 0T

D
12 Professors o
: 14 full-time PhD students
TR - , . 4 Industrial PhDs
Embedded circuits for neas Combination of multiparametric . . . s
decisi King. based sensing with adap?ive and > 15 Part-time Master Integration of multiple sources, A(_Z & DC power dlstrlbuuon_
sszs:\r/wg(xz)rr;égzt;gg,g;;; e —— students storage, and loT sensor devices, architectures, blackbox modeling
| ’ : . T Collaborative Atpowered of power converters, system
processmq[ anhd _machme Jertlag technolgglr?]spsgg gAffecnve Computation offloading level control strategies,
echniques. .

strategies. integration of 0T technology,
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Close Collaboration with Companies and Consortiums @CEIMM

Participation in >20 consortiums at national Collaborating with companies in consortia and as subcontracted entities:
and EU level (last 5 years) : ! » t DIGITAL
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There has never been a better time to be born

LIFE EXPECTANCY CAN READ AND WRITE

1820 ~3() years 1820 ~1200

Toda ; 3 ears 7 Ny
AA N 4
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DESIGN YOUR OWN CHIP

1990 A fab and millions

i A lAPtop

° Lo§ Felwes aiios 20
\y > Charleston & RagTime

RISC-V, open EDA, open PDKs and shared shuttles




The Roaring

’ NOW PLAYING
RISC-V
Open EDA Open

PDKs Tiny Tapeouts

and MPWs

OF CHIP DESIGN

The happy twenties of chip design

Open silicon for everyone who dares to design




Welcome to the Open HW ERA
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Open Source Is Collaboration

This Is a strategic movement across industries and
geographies

=N —ry




Open Hardware iIs a Collaboration Model

Open hardware is hardware whose design is published under a license that lets anyone study, modify,
build, and sellit. KgG WJAOGhx & GADg d¢amnngnityecgn cédévelapEmdaldlit it, asdapgeged g A
with Linux and the Internet stack.

Specification / ISA RISC-V ISA / IEEE 802.3 Open hardware is not: 4§ @
* Free of cost silicon, EDALicenses,
and engineers still cost money

RTL implementation CVAB, Ibex,PULP, XiangShan - Unverified or hobbyist: OpenHW

cores follow industrial verification

plans

Verification & Software corev-verif, cocoth GCCLLVM, Linux o
- A singlelicense RTL, docs,

software and layouts follow different

EDA tools Yosys OpenROAD, Verilator, KLayout | "€S

* The same as an open standard:
RISGV is an open ISA; most RISC
V cores are proprietary

SkyWaterl30, GF180, IHP SG13G2
Tiny Tapeout

Openness is a stack: each layer can be open or closed
independently
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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 Ecosystem and society

* No redundant work: one verified core, one PDK, one flow - Education and talent: students train on the same cores and tools
reused by hundreds of teamsoiding reimplementations. theindustry uses; skills transfer without NDAs

*Many eyes on the desigrbugs, security flawsand spec - Faster standardization: interfaces (OBI, AXI,CV-X-IF), debug
ambiguities are found by the community, not only by the vendor and trace converge because reference implementations are public
* Freedom tocustomize add instructions, acceleratpes safety - Lower entry barrier: startups and SMEs can design a chip with
features without negotiatirglicense a laptop, an open PDK and a shared shuttle

* No vendor lockin, no royalties: the design outlives any - Research reproducibility: papersnowincludeRTL and flows
company that others can rerun and extend

- Transparency and sovereignty:a fully auditable chain from - Trust: safety, securityand space users can inspect what they
RTL to GDS, immune to export controls and vendor exits certify instead of trusting a black box
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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. Hardwarespecificlicensesadd patent grants and define what distribution’ means for
silicon.

S N

Permissive Apache 2.0, Solderpad 2.x, BSD, Keep notices and attribution. Modifications may OpenHW CVAG6 (Solderpad 2.1), PULP, lowRISC Ibe
MIT, ISC, CERQHL-P stay closed. Apache$olderpadadd an explicit (Apache), SkyWater and IHP PDKs (Apache),
patent grant. OpenROAD (BSD), Yosys (ISC)
Weakly reciprocal CERNOHL-W 2.0 (like LGPL) You have to share changes introduced to the Mixed-signal IP, PCBs, some CERN and industrial

licensed block; However it can be integrated in a = designs
larger, closed design.

Strongly reciprocal CERNOHL-S 2.0, GPL/TAPR (like  The whole design that contains the block must White Rabbit, CERN instruments, community boards

GPL) be published under the same terms when rare in SoC IP
products ship.
Documentation and CGBY 4.0, CCBY-SA Attribution (and share -alike for SA). Not suitable RISGV ISA manualsOpenHWdocumentation,
specs for RTL or code. datasheets

Industry converged on permissive, patensafelLicenses,enabling RISC-V IP to reach
commercial silicon.
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RISGV: Open Standard, Open Choices

RISCV 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 loak.

- Op_en specification:ISA documents publlsh_ed by RIS@InternaﬂonaI o One contract, many implementations
(Switzerland) under CBY 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 RISGV ISA
open standard, CEBY

- Implementation freedom: from open cores (CVAG, Ibex, Rocket, BOOM,
XiangShanto proprietary IP$iFive Andes,Codasip Tenstorrent

- One software stack for all: GCC, LLVM, Linux, Zephyr and-reeRTOSsupport the Academic In-house silicon
|SA not a Vendor Rocket, XiangShan NVIDIA, WD, Qualcomm

ISA Is the most important interface in a computer system
Where software meets hardware
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RISGV In a nutshell

7 First major non-proprietary computer architecture

b4 RISC-V°

: / Foundation Mission Statement

7 Developed at Berkeley in 2010 e

Z 5th generation Reduced Instruction Set Computer (RISC)

Z Simple instructions o ,
The RISC-V Foundation is a non-profit consortium
A AV O | d S ma n y ﬁ cut e tr | C k S chartered to standardize, protect, and promote the free |

| hi and open RISC-V instruction set architecture together
0 der architectures with its hardware and software ecosystem for use in all

> . . . computing devices.
Z No patents or licensing agreements required
A Huge momentum

7 Likely to displace all architectures besides x86 and ARM : :
RISV International: the governing

Z 12 billion cores Sipllofsl=leRe)ra0y A RN LM RULRUNIE! qanizationand communityfor developing
compound growth through 2030 RIS@V technicalspecificationgriscv.org)

C—IMM EEEEEEEEEEER Tl | sversiono
Qo)) | POLITECNICA
EEEE EE W BER W B Y| DE MADRID

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE POLITECNICA



Why RISCV?

7 Simple
Far smaller than other commercial ISAs
7 Cleanslate design
Clear separation between user and privileged ISA RISC-V crosses the 25 percent line.
Avoids microarchitecture or technologgependent
features
7 A modular ISA designed foextensibility/specialization

Small standard base ISA, with multiple standard
extensions

Sparse and variabldength instruction encoding
for vast opcode space

/ Stable
i Source: aggregated industry analyst reports, early 2026. Indicative shares (CPU + MCU + Al accelerators).
Base and standard extensions are frozen
Additions via optional extensions, not new versions Nttps://www.aestechno.com/en/risc - V- 2026- arm- x86- market/

Z Community-designed
With leading industry/academic experts and software developers

|
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P& _ARIS RISC-V Tech Market
MARKET RESEARCH By Application Analysis 2020 - 2034 (USD Billion)

Based on application, the
market is segmented into
smartphones, 5G devices, data
enters, personal computer and
gaming consoles, cellular
network devices, loT devices,
and other application.

ThE IC'T CYBER PHYSICAL SYSTEMSJ
SUMMER ~ SCHOOL 2026

devices segment
dominated the market in
2024, due to their need
for low-power, scalable
and application-specific
processors.

@ loT Devices @ Smartphones @ 5G Devices @ Data Centers @ Personal Computer and Gaming Consoles
® Cellular Network Devices @ Other Application

Sourcewww._polarismarketresearch.com Mote: The images shown are for illusiration purposes only and may not be an exact representation of the data.



RISGV ISA Organization and Naming

- Base ISAs
I RV32l, RV64l : 32integerregisters XLEN = 32/ 64
I RV32E, RV64E 16 registers for tiny embedded cores, ratifred023
I RV128lI: only a sketchnotin the ratified manual

- Standard extensions

I Single letter Mmul/div, Aatomics,F, D. Qfloat 32/64/128C compressed bit
manipulationV vector,Hhypervisor

I Gis shorthand folMAFD_Zicsr_Zifencei , the generapurpose baseline
I Multi-letter:Z* unprivileged Zba, Zbb, Zfh, Zicsr), S* supervisor vpbmt Sscofpmj, X*
vendor custom(Xtheadvectoy

- ISA string format
I RV[XLEN][single letters in canonical order][ Z*][_S*][_X*]

I Canonical orde™MAFDQLCBKJTPVidulti-letter names separated by underscores; optional
version suffix (n2pQ

I Same string drives the toolchagctc - march=rv64gcv_zba zbb zbs and themisa /
riscv,isa  devicetree fields

- Profiles replace long strings
I RVA23U64 RV64GCBYV plus ~30 mandatory Z*/S* extensions; a distro targets the profile,
not a string

CEIMM EEEEEEEEEEEN

CENTRO DE ELECTRONICA INDUSTRIAL Y SISTEMAS MULTIMODALES

-

Hello

my Architecture is

RV64GC

rv64imafdc_zicsr_zifencei

the same core, spelled out for the compiler

_/
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RV32I: Integer Instructions (Base ISA)

A RType(RegisteiType): Registeroperandsonly
A I-Type (ImmediateType): Immediate& registeroperands

A SType(StoreType): Stores
A B-Type(BranchType): Branches
A JType(JumpType): Jump

A U-Type(Upperlmm-Type):Upperimmediateoperand

All RV32l instructions are also part of RV64I. These instructio

operate on XLENIt operands.

CEIMM EEEEEEEEEEEE
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The Standard Extensions

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)

ZIcSsr CSRsand CSRinstructions
Zfencel FENCE.I

Zfh Halfprecision floating-point
Zk* Cryptography

V Vector

B Bit manipulations

Non-Standard Usekevel Extensions
Xext NonGg AAOAEO exwkgxAGéecA C

EEEEEEEEEEEN (WY | vwvessons
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Status of the RIS€V Specifications (2026)

Officially defined at:
https://riscv.org/specifications/ratified/

- Unprivileged ISA, Manual v20260818 (ratified modules only)
I Four base ISAs; Vector 1.0, crypitfa, BF16,Zabha Zalasr(Oct 2025)

I Zilsd / Zclsdload-store pair (Feb 2025%iccid I/D coherence (Jun 2026) P RISC

- Privileged ISA 1.13: Machine, Supervisor and Hypervisor
i Pointer masking, control transfer records, double trap, ZEfigs, Zicfilp)

I Sspmp(Aug 2026); AlA, IOMMU, supervisor domains for confidential compute

- Profiles: the end of fragmentation

I RVA23 (Oct 2024): vector and hypervisor mandatory; RVA23 server silicon ships
In 2026 The RISC-V Instruction Set

] . Manual, Volume |
I RVB23 for custom Linux builds;
- RVM microcontroller profile beindinalized
- Non-ISA: Debug 1.0 (Feb 2025), Server Platform spec, SBI, trace

- In progress
i CHERI as new base ISAs RV32Y / RV64Y for hardware memory safety V20260120official doc.
I Matrix extensions for Al (IME, AME, VME); Rv128

Unprivileged Architecture

:\\‘5,?,,/’
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https://riscv.org/specifications/ratified/

Privilege Modes

- Three modes, one direction of trust

I M-mode (machine): firmware and boot ROM, e.g. OpenSBI. Sees everything, always present Without H With H extension (RVA23)
I S mode (supervisor): the OS kernel. Owns page taldafp(, Sv39/48/57) and its own trap
handling U-mode VU | U
i U-mode (user): applications. No CSR access, only what the page tables allow applications guest apps | host apps
- How control moves between modes
T . . . ) S-mode VS | HS
I Up: exceptions, interrupts amtall (system call). Traps land in{dhode by default; 65 lelh Ui 2=l L= el | et (CAV0)
medeleg / mideleg  hand them to $node
i Down: mret/sret  return to the mode savednmstatus.MPP / sstatus.SPP
i Each mode has it CSRsstatus, mt in M; sstat MRlICS LIS
i Each mode has its own atus, mtvec, mepc, mcause in M; sstatus, firmware: OpenSBI, boot ROM e
stvec, sepc, scause inS
- What protects what Privilege grows downward: M-mode is the root of trust of the whole SoC

i PMP (physical memory protection): ivhode fences physical regions off from S and U; basis
of TEEs such as Keystone

I Page tablessolate processes from each other and from the kesstaktus.SUM / MXR
control kernel access to user pages

- Valid combinations and the fourth mode

i M only (baremetal MCU),M + U (RTOS with protection)M + S + U (Linux). S never
exists without U

I H extensionaddsHS, VS, VU : the hypervisor runs in HS, guests see a virtual S/U with two
stage translation. Mandatory in RVA23

CEIMM EEEEEEEEEEEN
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RISGV Processor Suppliers

{ Startupsand establishedcompaniessellingIP
{ Alibaba,Andes,EsperantoRivos SemidynamicsSiFive
{ Tenstorrent Ventana WesternDigital
1 In-houseuse
1 Qualcomm Intel
1 OpenSourcelP
1 OpenHWGroup, PULP
1 Globalcompetition and cooperation
1 Especially th&Jnited States,China,Taiwan,Europe,and India
1 Openarchitecturereducesbarriersto entry
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Solutions from PULP (ETH, Univ. Bologna)

A

Logarithmic interconnect
APB — Peripheral Bus
AXI4 - Interconnect O -

m m m m Trendlng
7]
2
=
e
el Ammy ' y

e | s
o | s
“owa | omo

o e
Single Core E8 B mutti-core Multi-cluster ST Ceenes
* PULPissimo * PULPOpen * Occamy G pulp-platiorn  wxl_mem,

* Cheshire * Snitch Cluster « Carfield v G %0 San@ DO
A All their development is on GitHub under a permissive license P e
A HDL source code, testbenches, software development Kkit, g W
virtual platform S e vure

A PULP is released under the permisSadderpadicense. ST e
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COREV embedded cores: CVE2 and CVE4

Two 32-bit in -order RISGV microcontroller cores, industrially verified by the OpenHW Group and used
in X-HEEP.No MMU, no data cache, M and U modes onlgo enabled for bare metal or RTOS, not Linux.

debug interface interrupt infestace
CV32E20 (CVE2) CV32E40P (CVE4) | G— g St o Gt
- 2-stage pipeline minimum area and power - 4-stage inorder pipeline, optional FPU e : { -
- Lineage: zerariscy (PULP), then Ibex - Lineage: RI5CY (PULP), the core of the 4 "er | [ 14 I
lowRISO), simplified and reverified b PULPino/ PULPissimaSoCs g :
P - ISA: RV32IM[F|ZfinX]C plusXpulpDSP  |*% | L :

- ISA: RV32l or RV32E, plus M and C extensions: hardware loops, pastrement |
- Target: 10T, sensor control, alwaysn loads, SIMD _
- Status: verification in progress - Status: fully verified, in commercial silicon; CV32E40P top

siblings CV32E40S (Safety’_secur_n)’) and CV32E40P block diagram OpenHW Group documentation)

CV32E40X (custom extensions via X

interface) i IF: prefetch buffer, aligner, compressed decoder

i ID: decoder, register file, hardwaleop registers

i EX: ALU/DIV, MULT/DOTP, LSU, CSR, optional FPU
i WB: writeback; OBI instruction and data ports

2
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COREYV application core: CVAG

CVAG is the OpenHW application -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 corn@ multiple

European RIS/ 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, Bjcond CV-X-IF port
for custom accelerators

- Memory: L1 I/D caches (writehrough orHPDcachg Sv39 / Sv32 sz
MMU with TLBs and hardware pageable walker, PMP

- System:M, S, U modes; H extension in progress; AXI4 to the SoC;
RISCGV debug and trace

from Decoder
|

- Configurable: oneSystemVerilogcode base, many configs: from a — >_’ n
small 32bit embedded variant to the &4 Linux core st | £ Pl
- Verified and used: corev-verif UVM environment, industrial l { ‘ N

verification led by Thales; taped out in 22 nm (Ariane, Kraken) and :
adopted by TRISTAN, ISOLDE, RIGOLETT.@mongotherEU '

projects CVAG pipeline: frontend (green), decode and issue (grey®oO writeback (blue), in-order commit (red)

f FOLMNOATION

' OPENFIW
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RISGV Processors by th®©penHWGroup

ready

OpenHW RISC-V Roadmap o s

L
cvPs*
Ariane
CVA6 CV64A60A
CV32A60X CV32A65X*
Coherence
CV32E40PX CV32E41 :E.E:A OPENHW"
loWRISC: IBEX CV32E40P CV32E40X
zeroRiscy
CVE4 CV32E40S
OpanHW's roadmap s membaer-driven and may change without further notice
*Cores marked as “in planning” are under discussion or expected to be added
CVE2 RISCY but not yot started, nor guaranteed to be delivered
+ >
ARM equivalen! ARM MO+ ARM Ma/M33 ARM M7 1 AT I ASS
COPYRIGHT (C) 2025 ECLIPSE FOUNDATION. | THIS WORK IS LICEN: UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE (CCBY 4.0) \U OPENHW

UNIVERSIDAD
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Integration Frameworks

""}':E'-:Er‘ X-HEEP P
PULP

Parallel Ultra Low Power
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this is HEEP cPFL

I'l

O Itis NOT an MCU
n Templates to build yourown MCU
n Tools around it

s A N
llllllllll
il EEEEE [EL
-----------
-----------
nmi ]

| \1  Peripherals cva2e?
: CPU | | o IF_J___I o | cv32Xe40 cv32e40p [
I| cv32e2 % :| DMA |: :| S :|JTAG: : .
I A L ek opentitan
A ; DMA || spi || 12c [|TAG||UART [
: to-M I
ST LTI —=r— [
SoC V[ aks | :‘ 10 kB |: i ‘% N-to -M
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... but it i¢ too generic to be uced alone

e Integratesa uC with memory and common peripherals

e Add value by adding custom acceleratorsand coprocessors

o MMIO interface
o XAIF
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Y Fine -grained power gating
Y Fine -grained clock gating f =1
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{ N

| N ctl.sv

v 4h :
Y RegTool  gmg opentitan

1 module power_manager_reg_top (

2 input logic clLkidi,

3 input logic rst_ni,

4 input reg_req_t reg_req_i,
5 output reg_rsp_t reg_rsp_o,

6 output ctl_reg2hw_t reg2hw, // HW Write
7 input ctl_hw2reg_t hw2resg // HW Read

C header

4 p
o0e regs.hjson
( A
i refisters: [ o000 @ power_manager.h
5 name: "WAKEUP_STATE", > 1 #ifndef _POWER_MANAGER_REG_DEFS_
4 desc: "Wake-up state of the system", Q 2 t#tdefine _POWER_MANAGER_REG_DEFS_
5 resval: "@x00000000" © 3
6 swaccess: "rw", %% 4 // Wéke—up state of the system
- hwaccess: "hro", © 5 #define POWER_MANAGER_WAKEUP_STATE_REG_OFFSET ©x0
8 fields: [ LG #define POWER_MANAGER_WAKEUP_STATE_WAKEUP_STATE_BIT BJ
9 { bits: "O", name: "WAKEUP_STATE", desc: "Wake-up state" }
10 1
11 }

\ / Markdown docs
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r'.LI-|'I.

Y FuseSoC KF\ - 3

\ J o0 e X-heep.core
1 tarsgets:
2 sim:
3 <<: *xdefault_target :
4 default_tool: modelsim Handle dependenCIeS
5 filesets:
S Model build scripts
8 toplevel: [x-heep] ] . .
9 parameters: Simulation SC”ptS
10 - JTAG_DPI
11 tools:
12 verilator:
13 mode: cc
14 verilator_options:
15 - '——trace'
16 - '"——trace-fst'
17 - '——exe tb_top.cpp'
18 - "-wall"
\ J
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e ™
| ION @& tb.cpp
~ . 1 #include "Vtop.h"
Y Verllator 2 int main(int argc, char =xargv[])
VERILATOR ER
4 // Instantiate the DUT
5 Vtop *dut = new Vtop(cntx);
6
7 while (!cntx—gotFinish() && cntx—time() < MAX_SIM_TIME) {
8 // Generate clock and reset
9 rstDut(dut, cntx—time());
10 clkGen(dut);
i
12 // Evaluate simulation step
13 dut—eval();
14
15 if (dut—clk_i = 1 && cntx—time() > END_OF_RESET_TIME) {
L 16 // test program . )
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STRELA: Coarse Grain Reconfigurable Accelerators (CGRAS)

The Concept

A 2D meshlike array of reconfigurable functional units with nearesheighbor bidirectional communication topology. ‘Ii

A Support the offloading of loop intensive sections of code from a host processor, acceleration execution via :ﬁ
spatially distributing computation.

A Targeting ASIC as coarse grain reconfigurable device, FPGAs as a reconfigurable overlay, dniplet with UCle g A-10 READY

A Attached to a minimum RISE for controlling and interface (integrated with :jh‘l’ S
Chipyard X-HEEP, andSargantana. =NIPSjy
A Packaged as an IP with Input/Output nodes and direct memory access https://github.com/des - ceilstrela

(different bus interfaces supported).
A Already implemented as an ASIC in TSMC 65 nm.

Integration as SoCs

ASIC Implementation:
TSMC 65nm LP

Rocket Tile X-HEEP MMIO Overlay
RoCC Overlay | Control Unit |
Small CV32E40P
Data Config.
IZI System Bus nodes node
Data Config.
L1l L1D nodes node
L]
- 7% X-HEEP ‘
2 l SARGANTANA —CORE-V*®
B Y
§ tJCHIP

Applications:Matrix Multiplication and Machine Learning, DSP, Cryptography algorithms,

packet filtering and routing tables.

C — I M M EEEEEEEEEEEE [2404.12503] STRELASTReamindELAstic CGRA Acceleratofor@
r— UNIVERSIDAD
=== Embeddedystems ) D Ao
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LINCE: Tightly Coupled Neaviemory Computing (NMC) Accelerator

A Tightly coupled NMC matrix unit for embedded RIS&/ systems, controlled via theCore-V
eXtension Interface (CV-X-IF).

A Compatible with subset of RISGV Attached Matrix Extension (AME) proposals.
A Operands remain in memory instead of registers , only operand locations and metadata are

stored.

Address generation

supports im2col ]

for convolutions

Control unit
manages the
metadata table

CENTRO DE ELECTRONICA INDUSTRIAL Y SISTEMAS MULTIMODALES
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Host CPU —.| System Bus g
] l Multi-bank system memory
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Slices — ||| U]
Write I Element-wise |=|
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memory
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INt8 data with int32
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VERMUVector Extension with configurable Modular Units

The Concept

A Vector ProcessingUnit (VPU)designed for high-performanceparallel computing in edge-oriented applications
A TargetsZve32x Vector Extensionfor 32-bit integer workloads in low-power architectures
A ReusablelP for seamlessSoCsintegration by decoupling the VPUfrom the CPUvia C\AX-IF 1.0 and OBI
A Configurable parallelization through scalable RegisterFile dimensionsand computing unit replication.
A The utilization of computational units dependson the number of elementsand their operand width.

O

[ vPu - . https://github.com/des - cei/vermu
SIMD Controller
XIF
1 ) N=VLEN/32 GR-HEEP
<@ l| Control Unit S 2
[ X-HEEP
] SIMD BLOCK A 32
OBl Ctrl SIMD 1 ‘ CV32E20 ‘X”
EEE—— e ) .
\ 7 / ) e Distributor o VPU
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https://github.com/des-cei/vermu
https://github.com/des-cei/vermu
https://github.com/des-cei/vermu

EROS: Extensible and Reliable Offloading Solution

The Concept

Lightweight, processorcentric accelerator framework for safetgritical applications, built around RIS&/ cores and incorporatng run-
time reconfigurable faulttolerance techniques such as TCLS, DCLS, and thtigerse DCLS at system level.

A Principal features

CPU System:Multiple options between
CV32 208())(, CV32E40P and
CV32E40PX.

Compatible with the Core-V eXtension
interface C\£X-1F) or MMIO accelerators.

Fully open-source platform based on IPs
collection from X-HEERE, OpenHW and
PULP-Platform ecosystems.

O https://github.com/descei/eros
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