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The PULP Open-Source Ecosystem Qs%
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The Year is 2023, PULP is Open-Source
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Why are we Exploring more Openness?

e Research
e Easier collaboration

* Reproducing results

Synthesis / Place &
> Route

>_
f

« New research (using tools or data)

 Education

&>
r

* Increased access

« Experiment with flows and tools
* Alook "under the hood"

tcl

* Industry

* Transparent Chain-of-Trust

 Lower Cost
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What Have Others Done?

Over 600 tapeouts

« Caravel Multi Project Wafers
e Most <50kGE, <10% utilization
* Big ones 200kGE

10x smaller than Cheshire

Claim: Works “out of the box”

« True for existing designs but...

We want to go further!

* Build on what is already there

ALMA MATER STUDIORUM
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Find the Limits with our Cheshire SoC Platform

* Multi-million gate design

* 64-bit RISC-V Core Basilisk Chip

« Complete Linux-capable SoC
« Simple “Raspberry Pi”

Cheshire SoC

* Rich Peripherals
* Including an open USB 1.1 host

* Open-source DRAM interface
« Double data rate (DDR)

* Silicon-proven

« Multiple successful tapeouts with ¢
closed-source commercial EDA

Ideal benchmark design to stress OS EDA .
Philippe Sauter - EFCL Winter School 2026 7



The Basic Battle Plan

* Get PULP IPs into the synthesis tool
* If needed, simplify SystemVerilog

* Synthesize the design
* Yosys takes it from RTL to generic-cells

 Calls ABC for logic optimization and mapping to the
technology (IHP 130nm)

* Implement the designs backend
» Collection of research tools into OpenRoad
» Places the cells and routes wires between them

» Lets look at a few challenges we encountered

LMA MATER STUDIORUM
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Pre-Process

Manage Simplify

Synthesis

Yosys

Backend

Floorplan Placement

Clock Tree Routing
OpenRoad
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First Challenge: How do we Read the Code? Q&

« SystemVerilog is widespread
« PULP-Platform: Cheshire
lowRISC: OpenTitan and its IPs
OpenHW Group: CVA6, CV32E40P
BlackParrot RISC-V core

Most industrial IPs are implemented in SV

//"/ -
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First Challenge: How do we Read the Code?

« SystemVerilog is widespread
« PULP-Platform: Cheshire
lowRISC: OpenTitan and its IPs
OpenHW Group: CVA6, CV32E40P
BlackParrot RISC-V core
Most industrial IPs are implemented in SV

 For Basilisk:
« Pre-process the RTL
« SVase simplifies SystemVerilog
« SV2V converts to Verilog

e
m . h i LMA MATER STUDIORUM
zZUuric & NIVERSITA DI BOLOGNA
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First Challenge: How do we Read the Code?

« SystemVerilog is widespread -
« PULP-Platform: Cheshire

* lowRISC: OpenTitan and its IPs
« OpenHW Group: CVA6, CV32E40P
 BlackParrot RISC-V core

Philippe Sauter - EFCL Winter School 2026 . 11
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Next Challenge: We need better Synthesis Results

* Improvements until June 2024

 SV-to-Verilog chain @ <2min runtime Logic Area (MGE)
* Yosys synthesis: 175 (?oifﬁ!;?nig
-2 1.1 MGE (1.6>-<) @ 77 MHz (2.3x) 1.50- (10ns,F]?4$I\t/|eG?E§/.\ N o
—> 1.4xless runtime, 2.4x less peak RAM s, today N e MUX
o OpenROAD P&R: tuning 1.00. \:_ 7/ \. (Iilz}gss, 1.1MGE)
- -12% die area, +10% core utilization . Commercial | (13ns, L IGE)
* Improvements June-October 0.50-
 Yosys-slang replaces SV2V 0.25- Aeﬂer
= 1.6x less runtime, 10x less peak RAM o{ | | | | | |
0 5 10 15 20 25 30
« -10% logic area Critical Path (ns)

github.com/pulp-platform/cheshire-ihp130-0
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The Basic Battle Plan

* Implement the designs backend
« Collection of research tools into OpenRoad

« Places the cells and routes wires between them

» Lets look at a few challenges we encountered
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Pre-Process

Manage Simplify

Synthesis

e,

Backend

Floorplan Placement )

Clock Tree Routing

OpenRoad
~——
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Challenge: Cell Placement

AT OAVR 1 FAUSENR | R L3I

ST AAINT NI el dlt,

whina

 Remember the Routing Congestion Task?

tiatrabiaiy
TISTISHSIY

* High Congestion in Bootrom
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Challenge: Cell Placement

PTTTFENSES SPAAVIS 1 FAUSDRR | JERER L3 |1

 Remember the Routing Congestion Task?

,,,,,

* High Congestion in Bootrom

» Decrease local density
« More routing resources per cell

 Decreases congestion

ONIVERSITA DI BOLOGRA Philippe Sauter - EFCL Winter School 2026
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Challenge: Cell Placement

 Remember the Routing Congestion Task?

.........

seessssssesss

.....

......

* High Congestion in Bootrom

» Decrease local density

« More routing resources per cell
« Decreases congestion

° Open ROAD i

.........

* Doesn’t lower density enough

« Can we help OpenRoad?
ETH:z(rich AT Philippe Sauter - EFCL Winter School 2026




Attracting Wires, Repelling Cells Q&

 Goal: Cells: NAND, NOR,

« Minimize wire-length / AND, Flip-Flop...

» Achieve target density

~— Connecting wires

‘/ ORIVERSITA DI 5OLOGNA Philippe Sauter - EFCL Winter School 2026 . 17
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Attracting Wires, Repelling Cells

* Goal:
* Minimize wire-length
» Achieve target density

 Wire-force attracts connected cells

ONIVERSITA DI BOLOGAA Philippe Sauter - EFCL Winter School 2026 . 18
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Attracting Wires, Repelling Cells

target: 4
 Goal: actual: 6

over: 2

* Minimize wire-length
» Achieve target density

 Wire-force attracts connected cells

« Density-force push overflowing cells away

target: 4 .
actual: 2 over: 0

 ORIVERSIIR D! BLOGNA Philippe Sauter - EFCL Winter School 2026 . 19
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Attracting Wires, Repelling Cells

target: 4
 Goal: actual: 6

* Minimize wire-length

over: 2

» Achieve target density
« Wire-force attracts connected cells
« Density-force push overflowing cells away

* Total force per cell

» Cell starts moving in this direction

* Incrementally adds velocity

 Placement Tool

* Find useful force-balance

target: 4

« Weight critical nets/cells
5 / actual: 2

over: 0

LMA MATER STUDIORUM
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Power Stripes are Fences /Top Metal i:ower Grid
/ \

* Initial power stripes
« Wide VSS/VDD in pairs

ALMA MATER STUDIORUM
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Power Stripes are Fences
* Initial power stripes
« Wide VSS/VDD in pairs

« Wire-force pulls in

« High penalty for crossing stripes

P ALMA MATER STUDIORUM

# UNIVERSITA DI BOLOGNA
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Top Metal Power Grid
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Power Stripes are Fences Top Metal Power Grid

— / \

Initial power stripes
« Wide VSS/VDD in pairs

Wire-force pulls in

« High penalty for crossing stripes

Density-force too small
* Trying to decrease local density
* Pushes cells below stripes

Solution: more even distribution

« Thinner, more frequent power stripes

ETH:zurich
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Power Stripes Block Wires

. . Top View
* Power via-stack block routing

Cross section
V\
Gy

Vias — = Metals
ALMA MATER STUDLORUM —
! UNIVERSITA DI BOLOGNA “EFCL Winter Scht2024.2 24
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Power Stripes Block Wires

* Power via-stack block routing

* Cells under stripe

* No vertical routing

* Router needs to go around

* Longer horizontal wires

Cross section

= Metals
“EFCL Winter Schul22026 2

Vias ——
—
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Power Stripes Block Wires

* Power via-stack block routing

* Cells under stripe
* No vertical routing
* Router needs to go around

* Longer horizontal wires

* Cells near stripe

« Goes to next unused opening

» Longer vertical wires

Cross section
\
Gy

— Metals ‘
“tFCL Winter Schtl£20246 2 26

. /
Vias —»
—
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Power Stripes Block Wires

Power via-stack block routing

Cells under stripe

* No vertical routing
* Router needs to go around

* Longer horizontal wires

Cells near stripe

« Goes to next unused opening

» Longer vertical wires

Routing resources are overestimated

Solution: Blockage under stripe Cross section

T -

H G
Vias ~— — Metals
ETH:zurich AL MATER STULIORUM BCECL Winter Schail2024.2




Parameter Tuning Required

target: 4 .
actual: 6 over: 2
* Highly interconnected modules — <
* More wires per cell Y 2

e Wire-force dominates

» Pulls cells tightly together

LMA MATER STUDIORUM .. .
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Parameter Tuning Required

target: 4
actual: 6

over: 2

* Highly interconnected modules

« More wires per cell

/7~ A

e Wire-force dominates

» Pulls cells tightly together

* Solution: Routability driven

target: 4 .
actual: 8 over: 4

2 ONIVHRSIA o1 BOLoGNA Philippe Sauter - EFCL Winter School 2026 . 29
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Parameter Tuning Required

target: 4
actual: 6

* Highly interconnected modules \

« More wires per cell

over: 2

e Wire-force dominates

» Pulls cells tightly together |
[
* Solution: Routability driven ¥
 Inflate cell area if hard to solve target: 4 .
actual: 8 over: 4

ORI R D B6L06A Philippe Sauter - EFCL Winter School 2026 Q 30
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Parameter Tuning Required

target: 4 .
actual: 6 over: 2
* Highly interconnected modules \ - A

« More wires per cell

/
/
« Wire-force dominates ‘/4 /\ /\

« Pulls cells tightly together ' bul Al
|
* Solution: Routability driven ¥
* Inflate cell area if hard to solve target: 4 :
actual: 8 Ve 4

* Requires manually tuning hyper-parameters

» check_overflow: How early OR uses it

« max_inflation_iter: Number of iterations

* inflation_ratio_coef:
Virtual area increase on difficult cell

LMA MATER STUDIORUM - .
=] UNIVERSITA DI BOLOGNA Philippe Sauter - EFCL Winter School 2026

ETH:zurich



Final Placement Result

b i B LT

" ALMA MATER STUDIORUM
P UNIVERSITA DI BOLOGNA

ETH:zurich



Potholes and Speed-bumps

MUX-tree
Synthesis Parser Bug

Sept 23

Global Place

Slow Fix Timings
Detailed Route

March 24

Bad Synthesis
oR

ALMA MATER STUDIORUM
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Teamwork makes the Dream Work!

MUX-tree Yosys
Synthesis Parser Bug Martin Poviser

Sept 23

UC Berkeley
Matt Liberty Global Place
OpenRoad Slow Fix Timings
Osama Hammad Detailed Route
March 24
Bad Synthesis EPFL UC Berkeley U-Tokyo

oR Synth Group Alan Mishchenko  Prof. Fujita

ALMA MATER STUDIORUM
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Teamwork makes the Dream Work!

MUX-tree Yosys
Synthesis Parser Bug Martin Powser -

Sept 23

ucC Berkeley
Matt Liberty Global Place
OpenRoad Slow Fix Timings
Osama Hammad Detailed Route
I
.‘
March 24
Bad Synthesis EPFL UC Berkeley U-Tokyo
oR Synth Group Alan Mishchenko  Prof. Fujita
®
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IVIeet BaS|I|sk Open RTL, Open EDA, Open PDK

4 * Designed in IHP 130nm OpenPDK
il i) I‘ - 3amm?2 (6.25mm x 5.50mm)

i ’ « ~5x larger than previous end-to-end OS designs
« 2.7 MGE total, 1.14MGE logic

e 24 SRAM macros (114 KiB)

« 62MHz at nominal voltage (1.2V)

« RV64GC design runs Linux

LI 1 1 1 1

“'ﬂ!i'ﬁ"““j"\j*‘fﬁr:\!\,"'\\\\

" ‘F. LI BL\BL\ B\ B |

« Active collaboration with

4o

{1 1 L1 18

Open-source EDA tools already enable complex designs, it will only get better



Basilisk is a complete Linux-capable SoC

64-bit RISC-V core

Rich peripherals:
* HyperRAM controller @154MB/s
 (C2C AXl-Link @77MB/s

e Autonomous boot from SD-card MCERERIL

_ Basilisk
AXI4 X-Bar (64b DW, 32b AW) - ~INTC

~UART <>
~JSPl &
~ <
~GRI0| <

32b Regbus

Cheshire

arxiv.org/pdf/2505.10060

ETH:urich S b SR Philippe Sauter - EFCL Winter School 2026




We presented Basilisk at How

ETHzirich SPULP

34 mm? End-to-End Open-Source
64-bit Linux-Capable RISC-V SoC in 130nm BICMOS

et » ol . @p‘nwanmmg
. i ) puip-piattomm

Our Design

- 4-way 16KiB L1l and L1D
- B4KiB LLC/Seratchpad
= Hyperbus DRAM (124MB/s)

2025 Hot Chips Best Student Poster Award

Basilisk: A 34 mm? End-to-
End Open-Source 64-bit
o Linux-Capable RISC-V SoC in

= 130nm BIiCMQOS

lity for larger Linux-capable SoCs
OS EDA tools used for tapeout of small designs.

- Novelty: Signi
of open-source EDA tools and flow

End-to-End Open-Source EDA flow

RTL written by PULP (Cheshire, AXI, -..),
OpenTitan (SPI. 12C) and OpenHW (CVAB core)

2 %

O
E
st
x =

1

3z Conclusion
o

» First end-to-end issive, free and opet

O Linux-capable SoC with an application-class core
5 and rich peripherals

o § » Newly developed Yosys-Slang enables synthesis
E‘ o of complex, industry-grade SystemVerilog RTL
g3 > Reproducible and sharable high-quality designs

for collaboration and research

Poster: lnkd.in/daB6HskB

ETH:zurich
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Its Open -Source down to the TranS|stors

q el
5
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https://iis-people.ee.ethz.ch/~phsauter/basilisk
https://iis-people.ee.ethz.ch/~phsauter/basilisk
https://iis-people.ee.ethz.ch/~phsauter/basilisk

Where do we go next?

ONIVERSITA DI BOLOGAA Philippe Sauter - EFCL Winter School 2026 ‘ 40
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The PULP Open-Source Ecosystem

RISCY | Zero R} Snitch

interconnect

Multi-core

interconnect

Heterogeneous, Many-core
* Hero, Carfield, Astral
* Occamy, Mempool

interconnect

interconne

Single core
* PULPino, PULPissimo
* Cheshire

Accelerators and ISA extensions

ETHzirich |
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Exploring Scientific Designs with Open-Source Tools Q&

Tightly Coupled L1 Memory =

« Hierarchical organisation of banks

MANTA Accelerator =
* Accelerates GEMM in MXINT8 format Core Core Core Core DMA
« Main scientific contribution and focus

Interconnect

°
Interconnect

Snitch Cores m

« Optimized for data processing

Core Core Core Core MANTA
« Scalable number of cores

 Various extensions optimized for ML

Dedicated DMA Core =

« Connected to a wide AXl interface

« Moves data to/from L2 and clusters
ETHzlrich o} Suiassisiesm Philippe Sauter - EFCL Winter School 2026 42
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SeyrITA: Open-Source Tools with GF22

« Transformer acceleration —

o DeiT Image Transformer (5M Params)
o BERT language model (4-40M Params)
o MobileBERT-Tiny (15M Params) Memory Island

o 2-4 compute cIusters/'
 Memory Island

o ~“2MB SRAM per die

clefe]efo

Interconnect

clejclc
clefe]efo

Interconnect

4
O
Q
c
c
®]
O
—_
Q
o+
c

Interconnect

. ] Cheshire
* Linux Capable Host (Cheshire) —— (CVA6)

o Hyperbus for DRAM

o SD-card for persistent Flash storage HyperBus

+ Die-to-die Chiplet Interconnect — Cluster domain

Interconnect

clcjclc

o 4Gbit/s per lane, 2-4 lanes

ETH:urich R e Philippe Sauter - EFCL Winter School 2026




SeyrITA: Open-Source Tools with GF22

 Transformer acceleration —

o DeiT Image Transformer (5M Params)
o BERT language model (4-40M Params)
o MobileBERT-Tiny (15M Params)

o 2-4 compute clusters

The focus is on the

Transformer Acceleration

LMA MATER STUDIORUM
VERSITA DI BOLOGNA

ETH:zurich

clefe]efo

Interconnect

clejclc
clefe]efo

Interconnect

Memory Island

Interconnect

Interconnect

Cheshire
(CVAb)

HyperBus
D2D Link Cluster domain

4
O
Q
o
c
®]
O
—_
Q
o+
C

clcjclc

Philippe Sauter - EFCL Winter School 2026



SeyrITA: Open-Source Tools with GF22

Basilisk system as a small part

SeyriTA is 10-15x Basilisk!

o Linux Capable Host (Cheshire)
o Hyperbus for DRAM

o SD-card for persistent Flash storage

LMA MATER STUDIORUM
i UNIVERSITA DI BOLOGNA

ETH:zurich

Memory Island

Cheshire
(CVAG6)

HyperBus

clefe]efo

Interconnect

clejclc
clefe]efo

Interconnect

Interconnect

4
O
Q
c
=
o
O
—_
[}
-
C

Interconnect

clcjclc

D2D Link Cluster domain

Philippe Sauter - EFCL Winter School 2026




On the Horizon: SeyrITA — GF22 with Open-Source Tools Q&

 Demonstrate a large 22nm tapeout
with open-source tools

* Improve tools and close the
performance gap

* |dentify and implement missing
features along the way

« Active Collaboration with

. YosysH

Snitch cluster floorplan exploration
ETHziirich | isissssss Philippe Sauter - EFCL Winter School 2026 46




Benefits of end to end openness

 Easier collaboration (no NDAs)

» Reproducible results, benchmarking
 Combined impact of design and design automation

* Transparent chain of trust, sovereignty

Industry * Lower initial cost

* Accelerate research to product pipeline

* Increased accessibility

* Experiment with flows and tools

ALMA MATER STUDIORUM

NIVERSITA DI BOLOGNA Philippe Sauter - EFCL Winter School 2026
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Any Questions?

There is still

 We use open source because it works more to come
» Allows us to manage complex designs
* Facilitates Industry/Academia Relationships
« Creates Auditable Designs, Reproducible Results
« Enables research into new directions

Helps us and others concentrate work where it matters

« Open Source sees no borders
« There is no ‘European/Chinese/American Open Source’,

« There can be 'European/Chinese/American support for Open Source’

Open Source is global, it just can have more or less support in a region/country

o~ LMA MATER STUDIORUM
E'HZUFICh 5 UN l\l/tRSl‘l‘f\ DI BOLOGNA
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Next up: Intro to Synthesis

There is still

more to come

ETH:ziirich

Departs ation Technology and Electrical Engineering

ment of Inform.
EFCL Winter School 2026

For you that’s the
Synthesis exercise@)

Exercise 03 /

Synthesis with Yosys «

F. K. Girkayna
Prof. L. Benini

LMA MATER STUDIORUM

} UNIVERSITA DI BOLOGNA Philippe Sauter - EFCL Winter School 2026

ETH:zurich




	Default Section
	Slide 1: Challenges with Basilisk and  where the Future is going
	Slide 3: The PULP Open-Source Ecosystem
	Slide 4: The Year is 2023, PULP is Open-Source
	Slide 5: Why are we Exploring more Openness?
	Slide 6: What Have Others Done?
	Slide 7: Find the Limits with our Cheshire SoC Platform
	Slide 8: The Basic Battle Plan
	Slide 9: First Challenge: How do we Read the Code?
	Slide 10: First Challenge: How do we Read the Code?
	Slide 11: First Challenge: How do we Read the Code?
	Slide 12: Next Challenge: We need better Synthesis Results
	Slide 13: The Basic Battle Plan
	Slide 14: Challenge: Cell Placement
	Slide 15: Challenge: Cell Placement
	Slide 16: Challenge: Cell Placement
	Slide 17: Attracting Wires, Repelling Cells
	Slide 18: Attracting Wires, Repelling Cells
	Slide 19: Attracting Wires, Repelling Cells
	Slide 20: Attracting Wires, Repelling Cells
	Slide 21: Power Stripes are Fences
	Slide 22: Power Stripes are Fences
	Slide 23: Power Stripes are Fences
	Slide 24: Power Stripes Block Wires
	Slide 25: Power Stripes Block Wires
	Slide 26: Power Stripes Block Wires
	Slide 27: Power Stripes Block Wires
	Slide 28: Parameter Tuning Required
	Slide 29: Parameter Tuning Required
	Slide 30: Parameter Tuning Required
	Slide 31: Parameter Tuning Required
	Slide 32: Final Placement Result
	Slide 33: Potholes and Speed-bumps
	Slide 34: Teamwork makes the Dream Work!
	Slide 35: Teamwork makes the Dream Work!
	Slide 36: Meet Basilisk: Open RTL, Open EDA, Open PDK
	Slide 37: Basilisk is a complete Linux-capable SoC
	Slide 38: We presented Basilisk at
	Slide 39
	Slide 40
	Slide 41: The PULP Open-Source Ecosystem
	Slide 42: Exploring Scientific Designs with Open-Source Tools
	Slide 43: SeyrITA: Open-Source Tools with GF22
	Slide 44: SeyrITA: Open-Source Tools with GF22
	Slide 45: SeyrITA: Open-Source Tools with GF22
	Slide 46: On the Horizon: SeyrITA – GF22 with Open-Source Tools
	Slide 48: Benefits of end to end openness 
	Slide 49: Any Questions?
	Slide 50: Next up: Intro to Synthesis


