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Introduction

Comparison of Odin-Il and Yosys

Both Verilog synthesis tools

Odin-Il is part of the Verilog-To-Routing (VTR) project
Yosys is part of the SymbiFlow project
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Motivation

e Field Programmable Gate Arrays (FPGASs) are a

versatile tool

o Useful for rapid prototyping, testing and research

o More flexible than than Application Specific Integrated
Circuits

o Lower upfront costs

e Open-source flows enables easier research
o Experimental FPGA designs
o New synthesis techniques
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e Hung demonstrated that Yosys tends to perform
better, but Odin-ll is ahead in some aspects

e Missing some runtime metrics

e Significant improvements in both tools since

Logic slices (normalised)

7 4

Flow 1

[l Flow 1 (Vanilla ISE)
[ Flow 2 (Yosys+map+par)
[ Flow 3 (Yosys+VPR+par)
[ Flow 4 (Yosys+VPR)
B Flow 5 (Vanilla VTR)

Flow 5

ODIN Il failed
ODIN Il failed

bgm stereo2 mcml des50 LU32PE AES x3 Geomean

Area Utilisation for a range of Verilog
benchmarks. Lower is better.

*E. Hung, "Mind the (synthesis) gap:
Examining where academic FPGA tools lag
behind industry,"” 2015 25th International
Conference on Field Programmable Logic
and Applications (FPL), London, 2015, pp.
1-4, doi: 10.1109/FPL.2015.7294007.



IIIIIIIIIIIIIIII

ORKA Lab Oceania Researchers in Cloud & Adaptive-systems  2UNB|gzue (@) ()
Ohu Rangahau Kapua Aunoa Centre for Advanced Studies-Atlantic =%

Ve rl Iog TO RO u tl N g (VT R) | FPGAArchitecture | [ Verlog |

e Computer Aided Design (CAD) 7/\\4
flow for FPGAs

e Open Source

e Written in C/C++ N/

| Neflist-BLIF |

| Netiist-BLF |
Versatile Place and Quality of Result
Route (VPR) Metrics

Field Programmable
Gate Array (FPGA)
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SymbiFlow Voriog Fio

e (Open Source project
targeting commercial

| |
| |
| |
| |
| |
| |
| |
: :
SymbiFlow | |
Architecture I Yosys l
FPGAs 1 '
E ABC i
e Uses Yosys and VPR | |
V2X e

Netlist - BLIF

: Versatile Place and
VTR Architecture Route (VPR)

FPGA
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Experiment Outcomes

e Produce a framework for future comparison

o Against different architectures
o Against different benchmarks

e Compare Quality of Result (QoR) of both tools
e Compare runtime characteristics of both tools
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ConEpaERTEEasessas s st ey
i Yosys Flow l | ! l Odin Il Flow |
| . { |
| ' ' [
| | ODIN Il :
i ! ! l
: | | I :
; Yosys I | !
! : : Netlist - BLIF !
| |
| ABC ! ! ! |
| : : |
| ! ! ABC |
LR S | | |
I l
e |
SymbiFlow >, Netlist - BLIF
Architecture
. Versatile Place and Quality of Result
V2X VTR Architecture Route (VPR) Metcs
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Benchmark Methodology

e Select a range of compatible benchmarks

e Run each benchmark through both tools

o This was repeated when gathering runtime statistics
e Run through VPR 10 times

o VPR placement is non deterministic
e Gather QoR metrics output by VPR

o Critical path delay, Logic area used

e Gather runtime metrics for each stage
o Max. Resident Set Size (RSS), Total runtime
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Artix-7 XC7A200T Architecture
Popular line of FPGAs

Provides benchmar
Large enough for a
SymbiFlow project
description

ks with real world basis
| benchmarks to place androute

nas built a VPR architecture
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Benchmarks

e Benchmark from VTR’s Benchmark Domain
. and latch Trivial
benchmark suite bgm Finance
) blob merge Image Processing
e Supported by Odin-II diffeq Math
] diffeq?2 Math
® COVG I a W|de range Of mkPktMerge Packet Processing
multiclock output and latch Trivial
Fe al WO rI d uses multiclock reader writer Trivial
] ] sha Cryptography
® Val’lety Of Sl1Zes single ff Trivial
single wire Trivial
stereovision( Computer Vision
stereovisionl Computer Vision
stereovision2 Computer Vision
stereovisiond Computer Vision
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Results - Critical Path Delay

e Determines the .
maximum clock |
frequency

e Yosys geomean 86%
of Odin-I AU 1
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Normalised critical path delay of Odin-Il vs Yosys flow
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Results - Critical Path Delay >1000 blocks

e Only benchmarks i
with >1000 blocks
when synthesized
with Odin-li

e YOsys geomean 66%
of Odin-Il

0.50

0.25

Normalised critical path delay of Odin-Il vs Yosys flow
for benchmarks with >1000 blocks
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Results - Logic Area Used

e Influences the o i
B Yosys

minimum size FPGA

e Influences power

L
consumption
e Yosys geomean 89% ..
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Normalised logic area used for Odin-Il vs Yosys flow
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Results - Logic Area Used >1000 Blocks

e Only benchmarks o
with >1000 blocks
when synthesized

with Odin-Ii
e Yosys geomean 91%
Of Od i n _II | < Q@Q\& &é@& & &04\4\006 &04\5)\00\ @04\'%\0@ o‘@é\

Normalised logic area used for Odin-Il vs Yosys flow for
benchmarks with >1000 blocks
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Results - Synthesis Memory Consumption

e Measures Maximum . e
Resident Set Size (RSS) |

e Includes ABC, but not VPR

e Yosys geomean 510% of

e Relevant for & AL
o Small architectures

o Verilog synthesis research
o Circuit simulation

Max. RSS (KiB) for Odin-Il vs Yosys synthesis
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Results - VPR Memory Consumption

Measures max. RSS
Only includes VPR
Much larger than max.
RSS for synthesis step
Dominated by

architecture size
o For smaller architectures
synthesis may dominate
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B Yosys

10000000
5000000

0

AR N2 3 5{\ & N

S &
6\6\ 0@@%6\‘\ @Q \\\ S & 5\00,4\0
&S P Q€ »

A¢

) @* \«-
Q
\
X S
& @

Max. RSS (KiB) of VPR in Odin-Il flow vs Yosys flow
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Results - Synthesis Run Time

Total run time of
synthesis

Only benchmarks >1000
blocks

o Otherwise launch
overheads dominate

Includes ABC, but not VPR
Yosys geomean 40% of
Odin-Il

800 B Odin+ VTR ABC
B Odin + Yosys ABC
Yosys
600

400

200

Total runtime for Odin-Il vs Yosys synthesis
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Total run time of VPR
Only includes VPR
Only benchmarks
>1000 blocks

Yosys geomean 119%
of Odin-Il
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1250 B odin

1000
750
500

250

Total run time of VPR in Odin-Il flow vs Yosys flow
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Results - Total Flow Run Time
e Total run time for
W Yosys

entire flow

e Only benchmarks
>1000 blocks

e Synthesis + VPR time ) |

e Yosys geomean 67%

Of Od | N 'I I Combined runtime for full Odin-Il vs Yosys flow

1000
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Limitations

e Yosys has been tuned against the Artix-7 family used
in this comparison

e Technology mapping was disabled for this
comparison

o This ensured a fair comparison as Odin-Ill did not recognise
the hard-blocks in the XC7A200T architecture
o An important feature for real use cases

e The benchmarks used come from Odin-Il’s
benchmark suite
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Future Work

e Compare a broader range of architectures

e Compare a broader range of benchmarks
o This may require improvement to Odin-II’s language
coverage
o Titan Benchmark suite is a modern candidate
e Add hard-block support for Artix-7 family to Odin-II
o Revisit this comparison with technology mapping enabled
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Conclusion

e How do Odin-Il and Yosys compare?

e Produced a framework to compare synthesis flows
o Supports different architectures
o Supports different benchmarks

e Gathered QoR and run time metrics for both tools
e Yosys tends to outperform Odin-Il in most

applications
o Better in most run time and QoR metrics

e Odin-ll synergises well with VPR out of the box



