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Open Source Hardware, the way it should be! youtube.com/pulp_platform »




Parallel Ultra Low Power (PULP) Platform
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We have designed and tested more than 50 PULP ICs
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PULPv1 Diana Fulmine VivoSoC 2.001 Mr. Wolf Poseidon Baikonur Dustin Kraken Occamy

STM 28FDSOI UMC 65 umc 65 SMIC 130 TSMC 40 GF 22FDX GF 22FDX TSMC 65 GF 22FDX GF 12LPP

Multi-core 4-core system 4-core system Mixed signal 8+1 core loT 64bit RISC-V Dual 64bit RISC-V 10T processor loT processor ML accelerator

processor with with ML and system for processor core, 32bit core, 3x 8core  with 16 cores with Spiking with 216 +1
approximate Crypto biosignal Microcontroller shitch clusters, and QNN Neural and cores and HBM

FPUs accelerators acquisiton system, ML Body biasing test enhancements Ternary interface
vehicle Inference

Engines

Check http://asic.ethz.ch for all our chips s ALL
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Including some very complex designs like Occamy

Chiplet based design

2x Compute chiplets (Occamy)
« 216+1 RISC-V cores

« 0.75 TFLOP/s for the system
 GF12LPP

* Runningat 1 GHz

2x 16GB HBM DRAMs

Silicon Interposer
« GF65nm 26mm x 23mm

Waiting for assembly to finish e ~ o
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All of our designs are open source hardware

« All our development is on GitHub using a permissive license

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

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

‘% oulp-platform Heterogeneous Research Platform (HERO)

P HERO is an FPGA-based research platform that enables accurate and fast exploration of heterogeneaus
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

() Overview [ Repositories 239  [[ Projects 1 0 Packages A People 14
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)

Pinned
with a domain-specific programmable many-core accelerator (on the right side) so that data in the main memory
Q pulp (Fubk 0] puiplesime (Pudi (in the lower left corner) can be shared effectively.
- ublic - ublic =
xy4 | Host | xy64 | [t e Eo| =+ Ex| = =v =7 =9 =3
This is the top-level project for the PULP Platform. It instantiates a This is the top-level project for the PULPissimo Platform. It instantiates Core0 Core H-1 g | clugter !&,—E- Ol {Boc 13'-5 B &2. %3 3,2
PULP open-source system with a PULP SoC [microcontroller) domain a PULPissimo open-source system with a PULP SaC domain, but no UMMU -L-I"-‘w- 4 SPM c | !33! 43 da) ﬂg T seves :r‘é- :n'é b} =
Cache | Cache | -1 = i = =
accelerated by a PULP cluster with 8 cores. cluster, i s § _1 T 1— T‘\»nnrr\. acce: TI I IEL
: £ = e TCDM Interconnect
SystemVerilog ﬁ 3z ‘59 93 SystemVerilog ‘ﬁ 288 ng 137 |L2Cache&£oh Inberco — = Clulster _‘ 3 t t"' = I l
= § P p——— f — +. _,.?._‘__.-_- ~
| Systemlnterconnect = oo & . [l DMA Zo RVE2 o RVI2 (o Rva2 o Fed-
I g : z |5 IErlglrme~—u. PEC HE| PEL B PEPaF| 0T
— dﬂll - !
{1 snitch Public H hero Public | Memory Ctrl&PHY = = Cluster = ¥ Tnstruction Jlefch -
| | Accel- 2 o Cil = r-EA Shared Instruction Cache
| 3 1 - o
Lean but mean RISC-V system! Heterogeneous Research Platform (HERO) for exploration of to main memory erator | =
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https://github.com/pulp-platform
https://github.com/pulp-platform
https://github.com/pulp-platform
https://github.com/pulp-platform

What PULP provides is a box of building blocks 0%

P

Logarithmic interconnect
APB - Peripheral Bus
AXI4 - Interconnect

) interconnect
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Single Core Multi-core Multi-cluster
* PULPino * OpenPULP * Occamy

e PULPissimo e Mr. Wolf * Hero
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How does PULP collaborate with 3™ parties?

Private |

GREENWAVES }s

GAPS WAYES
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The open model led to successful industry collaborations ¢

anesunnsnnnnne sa'seen'’

n:‘mu!u;n ER R RSN EINNRT RN, j;? ’ | '
~ QuickLogic® GREENWAVES | E 5 E?;-/LPH IN N Meta rumem
Arnold (GF22) Vega (GF22) Marsellus (GF22) Siracusa (TSMC16)
eFPGA with RISC-V core loT Processor with loT Processor with low power loT Processor with
ML acceleration modes and event based NVM technology

computing
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Smallest RISC-V Device

for Next-Generation TATRE 7 o
Edge Computing @@= =< B~
Our 15t gen. processor and 2.5D integrated

SoC size: 300um x 250 um, GF14LPP

Hq SoC arch: Based on PULPino (RV32IMC)
gl On chip memory: 2KB data SRAM

Wi + Authentication engine

BRH + Analog custom circuits(LDO, Clock/Reset, PD/LED IF)

RISC-V week Barcelona 2018

«®PULPino

device

An 8-core RISC-V Processor with Compute near Last Level Cache in Intel 4 CMOS

Gregory K. Chen, Phil C. Knag, Carlos Tokunaga, Ram K. Krishnamurthy
Circuit Research Lab, Intel Corporation, Hillsboro, OR, USA, gregory.k.chen@intel.com

< 1939 ym > A RVBAGC
1 Exec ution Out-of-order
L 16kB/core, 4-way
L1D 8kB/core, 4-way
NoC 64b 20 Mesh
L2 ULC 5128, 4-way
LLC BW1GHz 1.0 Tbis
CNC Area Overhead 1.4%
#CNC MACs 128
CNC RF 1k Bislice
E lmrw Ef.O6V 285 GOPS/W
LLC Energy EIf. 0.6V 1.6 TOPSW

VLS| Symposium 2022

gle

The Deep Learning Revolution —
and Its Implications ¢ Go
for Computer Architecture ’
and Chip Design ™ —
Presenting the work of many people at Google E
Article
Jeff Dean Agraph placement methodology for fast
Google Research chipdesign P .
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ISSCC Keynote 2020 — Nature 2020 -

Far etlocked Arisns BISCTCH)

AutoDMP: Automated DREAMPlace-based Macro Placement
Anthony Agnesi Puranjay Raj hi Tian Yang Geraldo Pradipta
e Anvidia.com prajvanshi com tiyang(@nvidia com gpradipt idia.com
NVIDIA Corporation NVIDIA Corpoeration NVIDIA Corporation NVIDIA Corporation
Aunstin, TX, USA Santa Clara, CA, USA Santa Clara, CA, USA Santa Clara, CA, USA
nVI D I A Austin Jiao Ben Keller Brucek Khailany Haoxing Ren
® = R benl o (B PR o et
N\EDIJ\ Corporation NVIDIA Corporation NVIDIA Corporation NVIDIA Corpaoration
Santa Clara, CA, USA Santa Clara, CA, USA Austin, TX, USA Auslin, TX, USA

.... - g N | Do "‘, .'.". 2
Figure 7: Pre-CTS placements of the logical groups and cell
densitics of the MemPool Group designs using NanGate
45nm process (freq. = 333 MHz, density - 68%). Congestion
(H/V): Innovus (2.66%/1.54%), AutoDMP (3. 48%/1.86%).

ISPD’23
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In the last 20 years IC Design has changed a lot
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What used to be a complete chip is now a small part of a SoC T
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There is so much that makes up a modern SoC

¢

ETHzurich

11 SENSORS

Frank K. Glirkaynak - PULP within the Open Source Hardware Landscape

11

User-Space
Software ACCELERATED KERNEL
Kernel-Space 0 VIRTUAL MEMORY MANAGEMENT LIBRARY
Software . LINUX KERNEL PULP
DRIVER HW ABSTRACTION LIBRARY
RISC-V core
Hardware
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In a typical design, innovation is only in a limited scope ¢

User-Space

Software ACCELERATED KERNEL

Kernel-Space w0 VIRTUAL MEMORY MANAGEMENT LIBRARY
Software ’ LINUX KERNEL PULP
v DRIVER HW ABSTRACTION LIBRARY

Open-source silicon-proven SoC template helps concentrate work where it counts

LZ dPIVI VIVIU

Hardware
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Simplified IC design flow Q%

3rd Party IP Library PDK / Fab \
0~ El B B {u}
RTL /Netllst\ / GDS2 Chip

Po) .

Verification Synthesizer P&R

ETH:zlrich
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Simplified IC design flow: at the moment only RTL

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

Verification Synthesizer P&R

- ' K:ﬁ;’ ALMA MATER STUDIORUM . . . I ALL
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Simplified IC design flow: proprietary tools

B B — B — s
3rd Party K Library PDK / Fab \

GDS2 Chip

Verification Synthesizer P&R

EDA vendors limit the output of their tools STNTE
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Simplified IC design flow: technology provider

3rd Party IP
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Verification Synthesizer P&R

taken from free icons

Icons

Fabs do not make PDK information accessible usi ALL e
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Simplified IC design flow: 3rd party IP

5

3 party IP

Q-

VNP
/™\17

Verification Synthesizer P&R

3'd party IP when included can limit what can be open sourced
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Simplified IC design flow: road to opennes

4 <=
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3rd Party IP Library PDK / \
O -

RTL /Netllst\ / GDS2 Chip
. .
VERILATOR

Verification Synthesizer P&R

We are getting there, first fully open chips are underway ]
Source Hardware Landscape 18 3
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lguana, Linux capable fully-open RISC-V processor.

‘% )I Hochschule RheinMain
=]

* Designed using IHP 130nm
 European Open PDK
« Tape-out July 2023

* Mostly open flow

« Some parts still rely on proprietary tools/IP

* Next version 4Q23 fully open
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What is PULP doing to maintain our cores? 0%

« We (ETHZ and University of Bologna) are research groups
« Motivated to develop new architectures and systems
« We needed efficient RISC-V cores (and peripherals) for our work

« Not so good (or interested) in providing industrial level support for these cores

* We need help to OPENI—iERDUP
» Provide support -:;_;;__;:' PROVEN PROCESSOR IP

« Develop industrial verification

« Governance of open source repositories

« Happy to receive this help from |OWR|SC
« Open HW group (Ariane -> CVAG, RI5CY -> CV32E40P)
« LowRISC (ZeroRiscy -> Ibex) @

« EU projects (Tristan/Isolde), Europractice

EUROPRACTICE
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Open source HW is making great strides

* RTL level open source hardware is quite established

* (among others) PULP based solutions are widely used in Industry and Academia

* More openness requires solutions for Technology, EDA, 3rd party IP providers
* Open PDKs (slowly on the way)
« Open source EDA and/or more support from existing EDA vendors

» Lack of IP to make it harder to design impactful systems

 Efforts underway to support Open HW
« Non-profit organizations (OpenHW, RISC-V), EU projects (TRISTAN/ISOLDE),
Supporting groups (Europractice)
« IC Design is an expensive business, there will always be a financial aspect

« Open source HW is an enabler, lowers costs and access, but does not make IC Design free

More work and support is needed to make open source HW viable
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