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Embodied Al: Artificial Intelligence Everywhere
Embodied All 7w’ 5™
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Embodied Al: Artificial Intelligence Everywhere

Smart Glasses Nano-Drone

@ Efficient
&

N

On-car Computing
Pag <150 W

On-drone Computing
Pavg <150 mW

On-glass Computing
Povg <1.50 mW
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Embodied Al: Efficiency Challenge Q%

P

§

’ . - [ ] [ ]
e 7/10nm C® Efficient
T | N\
@ %
s ! 16/14nm GAAFET

o
22/20nm @

FinFET
Model complexity
10x every ~2.5 years

ooy Moore’s Law
I Efficiency 10x every 12 years!

[AMD HotChips24]

Algorithm, Architecture, Design are key!

ETH:zurich JERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 ". 4



Efficiency through Heterogeneity: Multi-Specialization

Brain-inspired: Multiple areas, different structure different function!

Higher Mental Functions
Concentration
Planning

Judgment

Emotional expression

Creativity

Inhibition - Ability to
control self

1. Motor Function Area
. Eye movement and
placement of eyes

Broca’s Area
Ability to talk
Ability to write

Motor Function Area
Ability to move
muscles

1. Association Area
. Short-term memory
Emotion

Sensory Area
Touching and feeling

Auditory Area
Hearing

Wernicke’s Area
Written and spoken
language understanding
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Somatosensory
Association Area
Understanding of weight,

texture, temperature, etc.
for recognizing and
comprehending an object

Visual Areas
Sight
Ability to recognize

pictures
Awareness of size and
shape

FUNCTIONAL AREAS OF THE CEREBELLUM

Motor Functions
Coordination of movement
Balance
Posture
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Multi-sensor .
. Fusion
frame-based Perception .
Reasoning
event-based
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[Z. Sun et al.] M0b||eBERT i \RﬁWEE?SIGM 4 %2048 x 1 Ji'cus:;mﬂuu QF=a8.4=8
FIT7 R 1) ""ﬁ "'“"’* i ¢ so | s1 | . | sz087 ' MHA
Encoder Transformer S AP S = i
A/ 'f -.' 1 2 1 047 ) N N .
F8-T8 !,‘]' "JLW ;},;' T*@, " \...h ‘F" % S0 s1 52047 OUTPUT DNDDGNDRM
TE—PE’*-;\’ I.P' “.’ ﬁ 4'- w 3 50 51 W 52047 :fi% FORWARD
8s wfﬁdow EMBEDDING STAGE ~ ENCODER STAGE DMLP
s [P. Busia et al.] EEGFormer

Noisy Speech Signal

Encoder Transformer

Need to design embedded Al SoC’s that provide
1) Flexibility 2) Performance 3) Energy Efficiency

Denoiser
Recurrent NN

e 0 r/LOCOILLAMA - 4 mo. 800

eshapd07?
llama2.c running on galixy watch 4 (tiny 44m
model)

am

DINOv2: Learning Robust Visual Features

without Supervision
[M. Oquab et al.]

Encoder Transformer

Auto-regressive Transformers?
Maybe...
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Kraken: 22FDX SoC, Multiple Heterogeneous Accelerators Q%

The Kraken: an “Extreme Edge” Brain

) 3000 um R
° RISC'V cluster A Aihgmh(abkwﬁ#ﬂb&ﬂ'ﬂ-hﬁﬁhnﬂgkﬁ»ﬁﬁhhnhﬂw Technology 22 nm FDSOI
8 Compute cores +1 DMA core ‘
: 2
. CUTIE Chip Area 9 mm
Dense ternary-neural-network SRAM SoC 1 MiB
accelerator SRAM Cluster | 128 KiB
" SNE 3 VDD range 0.55V-0.8V
Energy-proportional spiking- g
o ~
neural-network accelerator Sl Ay SE2
SNE Freq ~250 MHz
CUTIE Freq ~140 MHz

RS T ‘ ‘
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CUTIE: Perception from Frame Sensors

S

@)

Ternary Activations =

(2bits) o

£

N EE N -

Ternary Weights __|

(2bits) El 864 Ternary Multipliers /

Output channel compute unit (OCU)
 Completely Unrolled Ternary Neural Inference Engine: K x K window, all input channels, cycle-by-cycle sliding

* One Output Compute Unit (OCU) computes one output activation per cycle!

e Zeros in weights and activations, spatial smoothness of activations reduce switching activity

Aggressive quantization and full specialization
A

4 .
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Kraken's CUTIE Implementation

-

10000

~ ‘ Compression
Data in 1.6 bits (Ternary value) with

On-the-fly Compression/Decompression AT

‘ 1000
Memory »
Configuration in Kraken (double ‘
* 96 channels (Output compute units) : hiffered) 10

e 3 x 3 kernels
* 64 x 64 pixels feature maps (158 KiB)
* 9 layers of weights (117 KiB)

Lots of TMAC/cycle

10

Decompress

J Binareye [6] ('éi‘f’}#?.?)
1f)/MAC (1POP/s/W)
Ternary OPS
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SNE: Perception on Event Sensors

Event Sensors — DVS camera Spiking Neural Engine (SNE)
Ultra-low latency
Energy- proportional interface

0 Leaky Integrate & Fire (LIF) neurons
I EE Uth
20
v (1)
J—‘ﬂ‘ ; Atmﬁ- \
' - é a
%0 > Ureset —
— L s;(t) | |
60
si(t)
80 f

[Di Mauro et al. DATE22]
100

0 20 40 60 80 100 120

SNE works seamlessly with DVS (event-based) sensors

h
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Event consumption, and output spikes generation

Event Stream . 10000
Synaptic Leaky Integrate & Fire (LIF) neuron

connection

Thresholdis 0, ™

: exceeded
t § %
-, - v g—loo
= 3
e & il v _ = 1x1xTtensor
3 x 3 x T Event-Frame patch ’ © S O per output neuron
y= . = 10
List of Coordinate (COO) , c 9 -
convolutional | § © t
3x3kernels .= & -
SNN’s neuron processing element (PE) 1
A more complex dynamic than conventional DNNs neurons: Tianjic (5] {GuE]
* Membrane Potential Accumulation/Activation 1x SynAcc = 1x 4b-ADD + 1TSyOp/S/W
* Membrane Potential decay 1x SynDec = (1x 8b-MUL) + (1x 8b-MUL + 1x 8b-ADD)

A
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General Purpose: Domain-Specialized RV32 Core (PE) Q%

P, RISC-\V/" Instruction set: open and extensible by construction (great!)

8-bit Convolution Vanilla Specialized for Al > Mixed precision SIMD (16-2bit)
[\ addi a0,a0,1 ‘ .
addi  t1t11 RISC-V ﬁ :nlt I\:N—RF (outside of the loop) RISC-V
ddi t3,t3,1 p.setup
zdd: tat4.1 core N/4 pv.nnsdotup.h s0,ax1,9 core
Ibu a7’ _1’(30) pv.nnsdotsp.b s1,aw2, 0
N Ibu a6'-1(t4) pv.nnsdotsp.b s2, aw4, 2
lbu a5:-1(t3) pv.nnsdotsp.b s3, aw3, 4
lbu  t5,-1(t1) pv.nnsdotsp.b s4, ax1, 14
mul sl1,a7,a6 end
mul a7,a7,a5 V
add s0,s0,s1
mul a6,a6,t5
add t0,t0,a7 . . .
mul 25,3545 15x less instructions than Vanilla
add t2,t2,a6 0 - .
2dd  t6.16.a5 90%+ ALU Utilization
bne s5,a0,1c000bc

Specialization Cost: Power, Area: 1.5x Time 15xJ, 2 E=PT 10x |,

2\ ALMA MATER STUDIORUM ‘
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PULP Paradigm: A PE cluster accelerates a host system Q%

10000

m float 32b int32

Tightly Coupled Data Memory mint 8b int 4b

Hint 2b

b »

=

—

< 100

o

| |

| |

interconnect

Logarithmic Interconnect

Vega [7] (mscl-(\rfalc('leﬂster )
HOST CLUSTER 20/ P
2b/4b OPS

‘ A
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Heterogeneous, Multiscale Accelerated Computing

Multiple Scales of acceleration
High-speed on-chip interconnect (NoC, AXI, other..)

Extensions to processor cores

* Explore new extensions External W
 Efficient implementations cMemoury Ao Mem | | mem | mem |1 mem 11 mem || mem
ontrofler i bank bank bank bank bank bank
Shared-memory Accelerators - -
L2 memory DMA Tightly coupled data memory interconnect
* Domain specific
5 RV RV RV RV ACC ACC
* Local memory Host N core core core core #1 #2
core #
Multiple Decoupled Accelerators .
L
« Communication Peripherals Accelerator Instruction Cache
HM Cluster 1
* Synchronization | | \ | | ]
| Y Y
Decoupled Computing cluster with tightly coupled accelerators

Host, L2, L3 10s
accelerators




Tightly-coupled Accelerators

Tightly Coupled Data Me

Mem Mem Mem Mem

interconnect

HOST CLUSTER

‘ A
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HWPE: Reconfigurable Binary Engine
Y(kout) = quant< S“ S“ S“ Zizj(wbin(kouttkin) ® xbin(kin))>

i=0.M j=0.N Kin

RBE Block
Fmap Buffer
= = Peak throughput
m m BinConv BinConv 10368=9x9x4x32
reduction reduction

=
m m BinConv BinConv

> 9x9 array _ stationary (325)

7

A\

* 3

N@JL T7 wo.f/o)
(319 Zexe) Mun 1S/a1 103097

03 .6 5 4 3 2 1 0
i ! BinConv
; ; 3 |

| psum
| streamed

weights 4 ]
streamed 13— »

(32b) 2 N — »

w
-

*2°] [p4aydiiad
wo.f/o}
]

e AN W oo
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Specialization in perspective

Using 22FDX tech, NT@0.6V, High utilization, minimal IO & overhead

Energy-Efficient RV Core = 20pJ (8bit)

¥

ISA-based 10-20x >1pJ (4bit) » XPULP
¥
Configurable DP 10-20x —> 100f] (4bit) » RBE
$
Highly specialized DP 100x —> 1fJ (ternary) » CUTIE, SNN

ETH:zurich ORIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 ".
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Marsellus: Al-loT Heterogeneous SoC

1.25 mm 4.95 mm

Combine:

* Heterogeneous architecture
* Quantization

* Vpp scaling

* Adaptive Body Biasing

1.94 mm

Freq @0.8V:  420MHz | | — > architecture
5.53pJ @0.65V+ABB: 420MHz | | "TTTTTTTTTTT > quantization .
@0.5V: 100 MHz = = = = Vpp scaling + ABB (no freq scaling)
— = = = Vpp *+ freq scaling
G 1.040J 1.35pJ ~40% gain with no
1000 2 601fJ performance loss
[ Ll ;‘ m
Prototype implemented in GF 22FDX = o T =
) h 1321) <
. = 100 81fJ _
—> flip-well LVT & SLVT cells, 2.43mm? for CLUSTER | 3 : i > > ] 3 2 2 3 2
g ° - 3
2 £ ® ® ® ® ® 5 BI® ®
: M B N N W [ B
10 | 73 .= = = .= . . e . x
8x8b 8x8b 2x2b 2x2b 2x2b 8x8b 2x2b 2x2b 2x2b
1.4 -3.8x A -1. e o1.3% AN1.4 A
NI AL~ W TRANEE o

ALMA MATER STUDIORUM

‘ A
/&) UNIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 ‘.. 18

ETH:zurich




Vega: On-Chip NVMem for NN Weights

3000 IJm , Incooperationwith GREENWAVES 4y f %@

‘ e P, HyperRAM [ext)—L2 w/ /0 DMA
Technology | 22nm FDSO! 8 MRAM=L2wi 10 DMA
B 211w Cluster DMA
Chip Area | 12mm? M L1access
SRAM 1.7 MB Bandwidth [MB/s]  Energy per byte [pJ/B]
S| MRAM 4 MB 10000 8000 |[ 1000
o
5 VDD range | 0.5V-0.8V 100
VBB range |0V -1.1V 1000 20
10
Fr.Range |32 kHz-450 MHz 1.4
"' <1
Pow. Range | 1.7 yW - 49.4 mW ! —
' end-to-end on-chip computation 3, 5x Jess energy
_ 1.19 m), -
weights on MRAM Elmm—— 4.16 mJ

weights on HyperRAM

ETH:zurich
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Not only academia: GAP9 with NE16

GREENWAVES f

TECHNOLOGIES

Best-in-class in latency and energy efficiency in MLPerf Tiny 1.0!

B
Task Visual Wake Words Image Classification Keyword Spotting Anomaly Deteciton
Visual Wake Words Google Speech

Data Dataset CIFAR-10 2 ToyADMOS (ToyCar)

Model MobileNetV1 (0.25x) ResNet-V1 DSCNN FC AutoE d

Accuracy 80% (top 1) 85% (top 1) 90% (top 1) 0.85 (AUC) |

Processor(s) & |Accelerator(s) & Latency in |Energy in |Latency in |Energy in |Latency in |Energy in |Latency in |Energy in ||

Submitter Board Name SoC Name  |[Number Number Software Notes Units ms uJ ms ud ms uJ |

ms ud

Greenwaves RISC-V Core GAPY (370MHZ,
Technologies GAP3 EVK GAFP3 (1+3) NE16 (1) GreenWaves GAPFlow 0.8Vecore) 113 58.4 0.62 40.4 0.48 287 0.18 7.29
Greenwaves RISC-V Core GAPS (240MHZ,
Technologies GAPI EVK GAP9 (1+8) NE16 (1) GreenWaves GAPFlow 0.65Vcore) 1.73 40.8 0.95 2T 0.73 186 0.27
AT Conextr -
OctoML NRF5340DK nRF5340 m33 microTVM using CMSIS-NN backend 128MHz 232.0 316.1 76.1 .27 Cleer Audio introduces ARC 3
STM3ZL4R5Z |ArmvE Cortex®-
OcloML NUCLEO-L4R52Z1 |[ITBU M4 microTVM using CMSIS-NN backend 120MHz, 1.8Vbat 301.2 15531.4 388.5 20236.3 99.8 5230.3 B.60
STM32LARSZ |Arm® Cortex®-
OctoML NUCLEO-L4R5Z1 |ITaU M4 microTVM using native codi 1 120MHz, 1.8Vbat 336.5 171316 389.2 213423 1440 79505 1.7
Arm® Cortex®-
Plumerai B_US85I_IOTO2A |STM32U585 |M33 Plumerai inference Engine 2022.09 160MHz 107.0 107.1 35.4 4.90
CYBCPROTO-062-|PSoC 62 ArmE CortexE-
Flumerai 4343w MCU M4 Plumerai inference Engine 2022.09 150MHz 182.5 183.1 61.4 6.70
Armi@ Cortex@-
Plumerai DISCO-FT46NG  |STM32F7468 |M7 Plumerai Inference Engine 2022.09 216MHz 57.0 64.8 19.1 2.30
STM3ZLARS5Z |Arm® Cortex®-
Plumerai NUCLEO-L4R5Z1 |ITBU M4 Plumerai Inference Engine 2022.09 120MHz 208.6 173.2 Fof P 5.60
ArmE Cortex®- TensorFlowLite for Microcontrollers, CM3IS-NN,
Silicon Labs xG24-DK26018 EFR32MG24 |M33 Silicon Labs MVP({1) |Silicon Labs Gecko SDK 111.6 1139.2 120.9 12347 36.3 401.9 543
NUCLEO-H7A3Z}- |STM32H7A3Z |Arm@ Corlex@-
STMicroelectronics  |Q IT6Q M7 X-CUBE-AI v7.3.0 280MHz, 3.3Vbat 50.7 7978.5 54.3 8707.3 16.8 2721.8 1.82
STM32L4R5Z |Arm@ Cortex®-
STMicroelectronics  |NUCLEQ-LARSZ! |IT6U M4 X-CUBE-AI v7.3.0 120MHz, 1.8Vbat 230.5 10066.6 226.9 10661.6 7a.1 33N.7 7.97 323.0)
NUCLEO-US75ZI- |STM32U575Z |ArmE Cortexd-
STMicroslectronics  |Q IT6Q M33 X-CUBE-Al v7.3.0 160MHz, 1.8Vbat 1334 3364.5 138.7 3642.0 44.2 1138.5 4.84 119.1}|
Syntiant NDP9120-EVL NDP120 MO + HiFi Syntiant Core 2 (88MH] Syntiant TDK yntiant Core 2 (96MHz, 1 410 972 512 138.4 1.48 43.8 |
Syntiant NDP3120-EVL NDP120 MO + HiFi Syntiant Core 2 (30MH] Syntiant TDK Syntiant Core 2 (30MHz, O 12.7 71.7 16.0 101.8 4.37 31.5 |
Next
Next Generation  |Generation
Snapdragon Snapdragon
Qualcomm Mobile Platform Mohile Qual Kryo |Qual ing
Innovation Center HDK Platform CPU(1) Hub(1) Qual Al Stack 0.098
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Al Innovation beyond “NVIDIA Gravity” is Challenging!

* It’s the software - flexibility, fast evolution!
Q0 Meta

* Need an open standard to counter a monopoly

vy RISC-V°

. <f 18 ALMA MATER STUDIORUM
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RISC-V is Accelerating 0%

= £+ "+ 335 EuroHpC EUroHPC 200+MeE for RV HPC (DARE FPA)
&hips;y SEL%, w227 amumensns Chips (KDT) 300+ME for RV Automotive
*

ity P RISC-V/* QUINTAURIS

Government of India

India Ministry for Electronics & Information
Technology launched Digital India RISC-V (DIR-V)
program for commercial SHAKTI & VEGA silicon.

BOSCH (infineon ¥

A RISE X Qualcown IS77

RISC-\ Softvwars Ecosystem

Industry Leaders Launch RISE to Accelerate the Six chip .gian.ts to drive '_“SC'V
Development of Open Source Software for RISC-V application in automotive,
2 enhance industry resilience
ANDES Google COimognaton  ntel ey A Qualcomm

NVIDIA

2l ALMA MATER STUDIORUM

) UNIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024

., 4 RedHat vos SAMSUNG &) sirive m@m v VENTANA ‘ A
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Fully Open-Source Deployment Flow!

==l Specification and dataset selection ]

QuantLab

Quantization Laboratory

— Training

- O PyTorch
QA SNN
Training —

| — SNE
Deeploy — Accelerator [ Toolbox
) mapping _
PULP-NN — i — CUTIE/SNE
PULP Neural Optimized CUTIE — Hardware Abstraction
Network backend — DNN library primitives ~  Layer

Q@ Kraken

‘ A
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Open SW & HW Embodied Al Platform?

O PyTorch R
Models ISA, Arch Hardware Implementation
— + + °
Cost=IP_+EDA_+SI,
E'HZUFiCh /\, UNIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024
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Curtailing IP.: Open-Source Hardware

Ariane JTAG

o77:1

RISCY | Zero R}| Snitch

RV64

Multi-core

Single core
* PULPino, PULPissimo * OpenPULP

* Cheshire * ControlPULP * Occamy, Mempool
m
Accelerators and ISA extensions

Heterogeneous, Many-core
* Hero, Carfield, Astral

AEER ST ‘
m o h (R \) ALMA MATER STUDIORUM . . ‘ B
ZUric @A /5) UNIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 S 25




We make everything (we can) available openly

* All our development is on GitHub using a permissive license

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

https://github.com/pulp-platform

Y,

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

‘% pulp-platform

P

() Overview [ Repositories 239 [ Projects 1

Pinned

 pulp  Public

This is the top-level project for the PULP Platform. It instantiates a
PULP open-source system with a PULP SeC (micrecontraller) demain
accelerated by a PULP cluster with B cores,

SystemVerilog 17312 %o3

] snitch Public

Lean but mean RISC-VY system!

) Packages

A People 14

B pulpissime Public

This is the top-level project for the PULPissimo Platform. It instantiates
a PULPissimo open-source system with a PULP SoC domain, but no
cluster.

SystemVerilog Tr 288 % 137

& hero  public

Heterogeneous Research Platform (HERQ) for exploration of

Heterogeneous Research Platform (HERO)

HERO is an FPGA-based research platform that enables accurate and fast exploration of heterogeneous
computers consisting of programmable many-core accelerators and an application-class host CPU. Currently,
32-bit RISC-V cores are supported in the accelerator and 64-bit ARMvE or RISC-V cores as host CPU. HERO
allows to seamlessly share data between host and accelerator through a unified heterogeneous programming
interface based on OpenMP 4.5 and a mixed-data-model, mixed-ISA heterogeneous compiler based on LLVM.

HERO's hardware architecture, shown below, combines a general-purpose host CPU (in the upper left corner)
with a domain-specific programmable many-core accelerator (on the right side) so that data in the main memory
(in the lower left corner) can be shared effectively.

Host | T il i e — e =
Gro| ., cwery |, | | § o Custer Ri3 i B
- A | spu [ £ o= !35 18 33 5& 5E ... 35 35 |23
I | g L. = ‘ 1 ] I ] [me.-nor\: acccasi ] ]
|L2 Cache &Coh. Interco,| __ | E = Cluster | = R TCDM Interconnect
,—4‘ | g P | §——HE—=—~Ft—~F——1 1
System Interconnect <= N:g.lj | E : ~1._ | DMA =2 RV32 =2 RV32 =2 RV32 ?xed-
- ¥ ol i g : é' |Engine-—eu. PE0 (E| PE1 il PP AOT
’W £ = cster | |2 5] ¥ _nstruction ¥fetch r—
Accel- | = lom C1 = [d— Shared Instruction Cache
to main memory erator | =

) ALMA MAT ER STUDIORUM
' UNIVERSITA DI BOLOGNA
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https://github.com/pulp-platform
https://github.com/pulp-platform

Curtailing EDA,: Open-Source Implementation?

2 B—B—
3rd Party IP Library PDK / \
Q-2 {u}
v
RTL /Netllst\ / GDSZ Chip

Verification Synthesizer P&R

LR ST & ‘ ‘
ETHzurich , ONIVERSITA DI BOLOGNA Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 ". 27




End-to-end Open-Source Digital IC Design is Possible Today! Q%

D0 D—D-F lee

3rd Party IP Library PDK

V= % 212 #®
N |

ERILATOR llllllllllﬂlll

Verlflcatlon Synthes:zer P&R

KEL ST, ‘
ETHziirich « e Toward End-to-End Open Platforms for the Embodied Al Era - Luca Benini - Dec 2024 -" 28




Basilisk: Open RTL, Open EDA, Open PDK ¢

AR AR AR R . Designed in IHP 130nm OpenPDK
| |= * 6.25mm x 5.50mm

*« 60MHz

o 1.08 MGE logic, 60% density

e 24 SRAM macros (114 KiB)

« CVAG6 based SoC

« Runs and boots Linux

e Active collaboration with

@ "‘ YosysHO @

A
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Basilisk SoC: Cheshire Platform

jtag* slink* wvga*  usb¥

« Multi-million gate design

Basilisk
. Cheshire
* 64-bit RISC-V Core o i - UART var t*
ol = S — i2cH
« Complete Linux-capable SoC = - L e
_ ., ., Eé‘ = % SP| HOSt (o U
 Simple “Raspberry Pi o i ‘i’ - E e — opio*
0
. . . O @ PLIC &
Rich Peripherals hyper T B AXI4+ATOP Crossbar w5 BTN M
(0B} =3 =
* Includes an open USB 1.1 host :'ﬁ 2 B oROM
. 3 o o Sc,C Reogs
« Open-source DRAM interface e © o]
F‘-'-"‘I { 5 evylice conTtigs
 Digital-only interface k O
& cuC |
° Slllcon-proven reg_ext_slvB| | reg_ext_slvi

sens*

Sensors orr

* Multiple tapeouts with commercial EDA

github.com/pulp-platform/cheshire-ihp130-0
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« Scalable ULP design
» 32-bit RISC-V Core

user _doman

« Complete Linux-capable SoC ros
« Simple “Raspberry Pi”
mgr_or
sbr_obf

* Rich Peripherals

AiEEEEEEEEEEEENS

« Ready for Acceleration

 Digital-only interface

* Silicon-proven

« Tapeouts with open & commercial EDA

github.com/pulp-platform/croc
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Open-source vs. Commercial EDA — Reality Check

 Baseline (2023)~> June 2024

* SV-to-Verilog chain @ <2min runtime

 Yosys synthesis:

- 1.1 MGE (1.6x) @ 77 MHz (2.3%)
- 1.4x%less runtime, 2.4x less peak RAM

* OpenROAD P&R: tuning

- -12% die area, +10% core utilization

* Improvements June-October
 Yosys-slang replaces SV2V
= 1.6xless runtime, 10x less peak RAM

» -10% logic area (preliminary)

Logic Area (MGE)

9] Baseline @
. (30ns,1.8MGE)
Fastest
1.50 -
(10ns, 1.4MGE) @~ ®
MUX
1.25 (27ns, 1.4MGE)
1.00-
0.751
0.501
0.25-
better

0_

0 5 10 15 20 25 30

Recommendations
and Roadmap for
Open-Source EDA
in Europe

Open EDA is maturing really fast!
G

ETHzurich

LMA MATER STUDIORUM

= UNIVERSITA DI BOLOGNA
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i" YosysHO

vom €
— — — — %

Models Software ISA, Arch Hardware Implementation
Yes!
1. Silicon cost remains as the bottom line
COSt=|P€+EDA€+S|€ 2. Openness Facilitates Ecosystem build-up
3. Eases life-cycle (training, audit, certification, support)
4. Great to boost return (€) on a mature node
5. Hybrid models are always possible

But...
Need a mature node for Energy-Efficient Digital (FDX22 ©)

. ?
Does it Make Sense for a Foundry: ‘%

Embodied Al is the Perfect Target Market for End-to-end Open Platforms!

SRR T
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Thank you |
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