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AI is Power Bound from Cloud to Edge

Energy Efficiency from Scaling 

(
𝟏𝐏𝐨𝐰𝐞𝐫∙𝐓𝐢𝐦𝐞)

10x every 12 years…
10x every 2 years 

Datacenter PMAX < 150MW
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[Nature’23]

[SCR’23]

On-car Computing PMAX < 1.5KW



Energy-Efficient Computing: Core to Platform
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▪ Efficient operations and local storage
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The Renaissance of Design
Dally HotChips 2023
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AI Innovation beyond “NVIDIA Gravity” is Challenging!
• It’s the software → flexibility, fast evolution!

• Need an open standard to counter a monopoly
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RISC-V is Accelerating

Six chip giants to drive RISC-V 

application in automotive, 

enhance industry resilience
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EuroHPC 200+M€ for RV HPC (DARE FPA)
Chips (KDT)  200+M€ for RV Automotive
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Heterogeneous Specialization for AI 
Brain-inspired: Multiple areas, different structure different function!

Multi-sensory input 

Frame-based

Event based

Perception

Fusion 

Reasoning 



Focus on Processing Element: Specialize

addi a0,a0,1

addi t1,t1,1

addi t3,t3,1

addi t4,t4,1

lbu a7,-1(a0)

lbu a6,-1(t4)

lbu a5,-1(t3)

lbu t5,-1(t1)

mul s1,a7,a6

mul a7,a7,a5

add s0,s0,s1

mul a6,a6,t5

add t0,t0,a7

mul a5,a5,t5

add t2,t2,a6

add t6,t6,a5

bne s5,a0,1c000bc

8-bit Convolution
Vanilla Specialized for AI

N

15x less instructions than Vanilla!

Init NN-RF (outside of the loop)

lp.setup

pv.nnsdotup.h s0,ax1,9

pv.nnsdotsp.b s1, aw2, 0

pv.nnsdotsp.b s2, aw4, 2

pv.nnsdotsp.b s3, aw3, 4

pv.nnsdotsp.b s4, ax1, 14

end

N/4
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Specialization Cost: Power,Area: 1.5x↑ but Time 15x↓ →  E = PT 10x ↓ 

Instruction set: open and extensible by construction (great!)

RISC-V

core RISC-V

core



Fully Open-Source SW Stack for AI with RISC-V!
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Specification and dataset selection

Training

Quantization/Pruning

Deeploy

PULP-NN
PULP Neural

Network backend

QuantLab
Quantization Laboratory

Graph optimization

Memory-aware 

deployment

Optimized 

DNN library

Accelerator 

mapping Accelerator 

mapping

Tiling



Platforms

RISC-V Cores and Vector Units

RI5CY

CV32E

RV32

Zero R

Ibex

RV32
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Snitch

RV32

Spatz

RVV

Interconnects

AXI4 

APB

LIC HCI 

FlooNoC 

Peripherals

DMA GPIO

I2SUART

SPIJTAG

Accelerators and ISA extensions

ITA

(Transformers)

RBE, NEUREKA

(QNNs)

FFT

(DSP)

XpulpNN,

XpulpTNN

REDMULE

(FP-Tensor)

R5

MI

O

in
te

rc
o

n
n

e
ct

A

Single core

• PULPino, PULPissimo

• Cheshire

IOT HPC

M

I

O
cluster

interconnect

A R5R5R5

M MMM

in
te

rc
o

n
n

e
ct

Multi-core

• OpenPULP

• ControlPULP
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Heterogeneous, Many-core

• Hero, Carfield, Astral

• Occamy, Mempool

R5

Open-Source RISC-V Hardware: PULP 
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• All our development is on GitHub using a permissive license

• HDL source code, testbenches, software development kit, virtual platform

rm

• PULP is released under the permissive Solderpad license

• Allows anyone to use, change, and make products without restrictions. 

We make everything (we can) available openly 

https://github.com/pulp-platform
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https://github.com/pulp-platform
https://github.com/pulp-platform


Open RISC-V PEs:  In-order → Superscalar → OoO
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XuanTie

C910

CVA6

CVA6S+



Heterogeneous, Multiscale Accelerated Computing 
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High-speed on-chip interconnect (NoC, AXI, other..)

Computing cluster with tightly coupled accelerators

Extensions to processor cores

• Explore new extensions

• Efficient implementations

Shared-memory Accelerators

• Domain specific

• Local memory
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Multiple Scales of acceleration 

RISC-V is a key enabler → agility, enabling SW build-up, no vendor lock-in
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Kraken: 22FDX SoC, Multiple Heterogeneous Accelerators

• RISC-V Cluster 

8 Compute cores +1 DMA core 

• CUTIE 

Dense ternary-neural-network 

accelerator

• SNE 

Energy-proportional spiking-

neural-network accelerator

Technology 22 nm FDSOI

Chip Area 9 mm2

SRAM SoC 1 MiB

SRAM Cluster 128 KiB

VDD range 0.55 V - 0.8 V

Cluster Freq ~370 MHz

SNE Freq ~250 MHz

CUTIE Freq ~140 MHz

SoC Domain

Cluster 

Domain

(PULPO)

SNE CUTIE

FLLs

3000 µm

3
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0
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The Kraken: an “Extreme Edge”  Brain
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Design is King

PE specialization 10-20x →1pJ (8bit)

Configurable TE  10-20x → 100fJ (4bit)

Perception Accelerator 10-20x →10fJ (events)

Energy-Efficient RV Core → 10pJ (8bit)

x10

x10 (x100)

x10 (x1000)

Using 22FDX tech, NT@0.6V, High utilization, minimal IO & overhead 
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Perceptive → Generative → Embodied AI

Precise Interactive, creative
Efficient, 

RT-safe, 

secure
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Chiplet Scaling: RISC-V gen.AI Platform for Agents
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What’s next?
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What’s next?  CMOS 2.0!
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• Research on open-source energy-efficient computing 

architectures

• Started in 2013, we are celebrating 10 years of our project this year

• Led by Luca Benini

• Involves ETH Zürich (Switzerland) and University of Bologna (Italy)

• Large group of almost 100 people

Frank K. Gürkaynak - PULP within the Open Source Hardware Landscape20

Thank You!



The Race is On: Chips Acts all around us
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Source: Strategy & analysis (LinkedIn)

Computing for AI is the key driver!


