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Research & Support Engineer
Netmarks
Mar 1998 ~ Jun 2001

Regional manager, Global Support Center
Network Appliance
Jul 2001 ~ Dec 2006

Director of Service Development Operation
SGI Japan
Feb 2007 ~ Sep 2008

Product Intro and Support for Operators
Data Center Operation (energy efficiency)
Technical Team Management

Network (Enterprise / Telecom / ISP)
ATM, VPN(IPsec), xDSL, MPLS

Content Delivery Network & Storage
Web/Streaming Cache & LB, NFS/SAN

Data Center & SaaS (MEX/SGI)
Energy Efficiency, DesktopVPN (SaaS)

~10 years

Senior Product Manager
Sable Networks
Apr 2008 ~ Nov 2010

Solution Architect
Parallels
Dec 2010 ~ Mar 2014

VP of Technology 
Riava
Jul 2014 ~ Sep 2015 Principal Engineer

Lumina Networks
Nov 2018 ~ Aug 2020Co-Founder, CTO 

Ponto Networks
Dec 2015 ~ Jun 2018

Network Automation
SDN Controller, Orchestrator

OpenFlow, FPGA, WhiteBox NOS

Switch Design & Development
Flow Router, IPv6/v4 Translation (nat64)

Service Automation & Container
Operation/Business Support System

Product Design and Development
Management and Board member 
of Startup Companies

Support Japan Market Entry
Technical Consulting / Support
Open Source Community

10~20 years

Lagopus
OF Switch

Kentaro Ebisawa

https://www.linkedin.com/in/ebiken/

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

Principal Researcher
TOYOTA Motor Corp.
Nov 2016 ~ Present

Network Infra for Connected Cars

Research Professor
NTT Ltd.
Dec 2020 ~ Present

Terrasence
ˢa sole proprietor ˣ
Apr 2010 ~ Present

Operator Network Technology Japan Market Entry
& Tech Consultant

current

TOYOTA InfoTechnology (Nov 2016 ~ Mar 2019)
Merged to TOYOTA Mortor Corp on Mar 2019 

https://www.linkedin.com/in/ebiken/
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ЈАЄдрχφϣΜρ 

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

P4χ ΰϞʺσεЂ˔НЂϱЖΥ ήϦοΜϥχΤˁϬẶ ΰʺ

ˮᵈˑψςχϢΞτᶨ ᴦ Τˁ˯ˮςχϢΞσᴿ χᵔὨΥ σχΤˁ˯Ϭṳ βϥ

P4χ ΰ ᵒ

Å P4χ ∕ ˢP4 s raison d Ċtreˣ

Å 2023 P4 Workshop @SanJose

Å Д˔ЌФй˔рФкϽжЬрϽᾠ῎ vs Ṱᾠ῎

Å Д˔ЌФй˔рФкϽжЬрϽᾠ῎ ρΰοχP4

Å Д˔ЌФй˔р Ṱᾠ῎ρΰοχ P4

Å Д˔ЌФй˔р Ṱᾠ῎ ρΰοχ ᶤ

Å М˔Жϳϴϯ ᴟйϱбˢHALˣχ  

Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр

Å Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдрᶨ ᴟχ ὂ

Å Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр םᾝ ꜠χ

Å Software Based  & Hardware Based

Å SmartNIC χЌϱФ

Å Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдрχг˔ІϾ˔І

Å CPUχϷТк˔Ж̍ЈϺвзГϰΰ

Å КАЕм˔ϼ ˢṐ ˣχ‰ ᴟʾ῟ ᴟ

Å Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр τΰΪθP4χᶈ

Å Server Side P4 χṪ ρЀЬвИГϰ

Ϙρϛ̍ṳ
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P4χ ΰ ᵒ
P4χ ∕ ˢP4 s raison d Ċtreˣ

2023 P4 Workshop @SanJose
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Intel, Tofino  ϒχ Ɫ ὫϬ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

ԏ ʿ "4th Quarter  Earnings Presentation"  @ https://www.intc.com/
https://d1io3yog0oux5.cloudfront.net/_2cead9b6413a1a91de449423742eea20/intel/db/887/8894/earnings_presentation/Q4%272022+Earn ings+Deck_Final+PDF.pdf

Intel ϷТϰЄаиЀЮрЕ: https://download.intel.com/newsroom/2023/corporate/q422 -investor -call - remarks.pdf

Earning  Comments from CEO Pat Gelsinger and CFO Dave Zinsner

We are making tough decisions to right -size the organization, and we further 
sharpened our business focus within our BUs (business units) by rationalizing product 
roadmaps and investments. NEX continues to do well and is a core part of our 

strategic transformation, but we will end future investment on our network 
switching product line , while still fully supporting existing products and 
customers. Since my return, we have exited seven businesses, providing in excess of 
$1.5 billion in savings. We are also well underway to integrating AXG (Accelerated 
Computing Systems and Graphics) into CCG (Client Computing Group) and DCAI 
(Data Center and AI Group), respectively, to drive a more effective go - to-market 
capability, accelerating the scale of these businesses while further reducing costs.

ˢ2022  Q4 Ὠ▄ ʿ2023/01/26  ˣ

https://www.intc.com/
https://d1io3yog0oux5.cloudfront.net/_2cead9b6413a1a91de449423742eea20/intel/db/887/8894/earnings_presentation/Q4%272022+Earnings+Deck_Final+PDF.pdf
https://download.intel.com/newsroom/2023/corporate/q422-investor-call-remarks.pdf
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2023 P4 Workshop @SanJose (2023/04/25~26)

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

2019 ̏ІЌрТ϶˔Ж ᶘ ӟ
͐ ϐϤχᾝ ╥ᴥχϙχWorkshop

Tofino P4 ᴂASICτᾢϣγʺFixed Function ASIC ϜḯϛθІϱАЎASICẉό
IPU/DPU/FPGA Ϭ ∏ΰθ SmartNIC σςχЂ˔Н˔ЂϱЖЌ˔ϿАЕϬ τʺ
ᾆẕ ʺṪ ᵔ ʺг˔ІϾ˔Іχ ᵒσςʺ ṅτ ϥЕСАϼΥ„̍םṳ ή
Ϧθʻ τ₈ᵕψᾝ ╥ᴥχϙχᵫ℗ρΜΞⱧϜΚϤʺלṮΥᶨ π ˑσ πχ
ᴿ ḇϞ︡ ệτνΜο ӃπΦθʻ
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BarebottleBrewing Company
https://www.barebottle.com/

Barefoot  !? J

https://www.barebottle.com/
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P4 s raison d Ċtre ˢP4χ ∕ ˣ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

P4's raison d'etre,
missing features and works done

Andy Fingerhut, Intel

The Power of Fully -Specified Data Planes
Rob Sherwood, NEX Cloud Networking Group, CTO

2023 P4 Workshop @SanJose ~ Key Note  1 & 2
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The parable of the blind and the elephant
https://sketchplanations.com/the -blind -and-the-elephant

Д˔ЌФй˔рˢḁ ˣ Ṱᾠ῎
fully -specified data plane language

Д˔ЌФй˔р
ᴟйϱб

ˢFixed Function ASIC  ϒχ ˣ

ГІЕχꜛ

ᾁ ᴦ σἹ꜠ᾠ῎
Formal Language

Д˔ЌФй˔р ФкϽжЬрϽᾠ῎
data plane programming language

‰ ОϾАЕ ДНϱІ
χФкϽжЬрϽ

Д˔ЌФй˔р
APIϬꜛ
(P4Runtime)

Ќ˔ϿАЕ Ӣ χ
ФкϽжЬрϽ
ˢASIC, FPGAˣ

P4χ ∕  
¤ P4 s raison d Ċtre ~

Ἢ Ϭ β

https://sketchplanations.com/the-blind-and-the-elephant
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Slides & Video  (Key Note)
https://opennetworking.org/events/2023 -p4-workshop/

https://opennetworking.org/events/2023-p4-workshop/
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ÅД˔ЌФй˔рФкϽжЬрϽᾠ῎ ρΰοχ P4

Å ІϱАЎ ASIC Ќ˔ϿАЕψ Google Υᾠẉΰθ

Å ˢ╥―ˣ2022 P4 Workshop

Å OPEN SRV6 PROJECT: OPEN SOURCE FOR P4-BASED EDGE ROUTER

Å [ALIBABA] THE JOURNEY TOWARDS PREDICTABLE NETWORK IN ALIBABA CLOUD 

Å Ђ˔Н˔ЂϱЖˢSmartNICʾCPUˣЌ˔ϿАЕψ ΚϤ

ÅД˔ЌФй˔р Ṱᾠ῎ ρΰοχ P4

Å Д˔ЌФй˔р ᴟйϱб ... ІϱАЎ̍SmartNIC

Å ГІЕχḛ ᴟ

Å М˔Жϳϴϯ χḛ ᴟ

Å ЊТЕϳϴϯ ᴟʾϷТк˔ЖχḛӬᴟ

Å Formal Behavior Specification ˢἹ꜠▫ ˣ

2023 P4 Workshop @SanJose ~ ЈАЄдр

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

̰ P4ϬД˔ЌФй˔р ᴟйϱбρΰο ΰθЈАЄдрΥ
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ФкϽжЬрϽᾠ῎ ρΰοχP4
ІϱАЎASIC

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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Д˔ЌФй˔рФкϽжЬрϽᾠ῎ρΰοχP4

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

г˔ЃΥꜛ τФкϽжЭᴦ σ ᵦχםᾝ
 ˢФкϽжЫРзГϰχᵠ ˣ

Target ᴿ

ASIC
Å Ṑ ᴥϞ  ψᾢ
Å  τψЫϱϼкЀ˔ЖФкϽжЬрϽΥ
Å ϼк˔ЇЖ̍ЦрЍӢ ˢг˔ЃψФкϽжЭ ᴦˣ

NPU Å ЦрЍ τӰσϥФкϽжЭᾠ῎ϞSDK

FPGA
Å HDLṪ χṆיּ
Å ФкϽжЬрϽχ Ӭ ˢ‰ˣ

CPU Å ϸ˔Киχ  ˢUpstreamˣτⱲḧΥ
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OPEN SRV6 PROJECT: OPEN SOURCE FOR P4-BASED EDGE ROUTER

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

ÅSRv6 Л˔Ж  ʿ P4 (Tofino ASIC) + SONiC

ÅЀрЕк˔ж ʿ OpenDaylight (ODL) 

ÅL3VPN over G-SRv6 Ђ˔РІχם ᾓם

CENI: China Environment for Network Innovations ˢ ⁯40 ◕ϬὌΜιםᾓКАЕм˔ϼˣ G-SRv6 Ⱨ

⇔ᵔ ˢZennṜⱧˣ
̰ https://zenn.dev/ebiken_sdn/articles/e1ab7c9a803abd

ᵊ(YouTube)
̰ https://www.youtube.com/watch?v=wHkqdd9HbVQ

2022 P4 Workshop

https://zenn.dev/ebiken_sdn/articles/e1ab7c9a803abd
https://www.youtube.com/watch?v=wHkqdd9HbVQ
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[ALIBABA]
THE JOURNEY TOWARDS PREDICTABLE NETWORK IN ALIBABA CLOUD

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

SNA ... Smart Network Appliance
P4Ϭ Μθ םꜛ

2022 P4 Workshop
"The Journey towards Predictable Network in Alibaba Cloud"
Dennis Cai, Head of Network Infrastructure
https://opennetworking.org/2022 -p4-workshop -gated/

2022 P4 Workshop

https://opennetworking.org/2022-p4-workshop-gated/
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ІϱАЎ ASIC χ ФкϽжЬрϽᾠ῎ ρΰοχ P4
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ΰΜФкЕЀиʾṐ χᵫ ṍḧ

Å χ Fix Function ASICˢ3˙5 ˣ̰ Programmable ASICˢ1˙2 ˣ

г˔Ѓ˔ᾧ χИ˔ЇϬ θβṐ χˢ ṍˣЂЪ˔Е

ÅG-SRv6 (CENI ... China Environment for Network Innovations )
ÅSmart Network Appliance (Alibaba)
Å In-Network Computing for Hyperscale ML

г˔Ѓꜛ τϢϥᵫ ψ Hyper Scaler Τᶘ ᾆẕΥ
Ψχ ›ʺЦрЍΥP4ˢASICˣФкϽжЬрϽϬЂЪ˔Е

 ̰ Ϸ˔ФрσḕẽϬӲⱱπΦϥϵЀЄІГЭΥ  πΦσΤμθ
 ̰ г˔ЃЂϱЖπχФкϽжЫРзГϰψЂ˔НЂϱЖϒ

Intel/Barefoot  ӟᵰχ ASIC ϜФкϽжЫРзГϰϬЂЪ˔Е

Cisco Silicon One (P4), NVIDIA Spectrum (P4?), Broadcom  (SDKLT)
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Tofino ṛᵫ ♁ ˙ ὂρ₈ῇχ ᴂ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

Å ṛᵫ ♁χ ὂˢ ϯЗϳрІ Ϥˣ
Åὂṓῇ τϢϤⱧỘχзІЕжϼЎазрϽΥ ρσμθ
Å IPU (Mount Evans) χ Υӊ τ ΦΤμθ
Å Ɫχ ΪϬ ϣϦʺTofino  3 χᵫ ♁ϬὨ

ÅTofino  1, 2 χ₈ῇτνΜοˢ ϯЗϳрІ Ϥˣ
Å† βϥ ΥΜϥᾢϤ Tofino  1, 2 ̍ЂЪ˔ЕϬὋ
ÅṐ Ϟ Υ Ὧ θβ᾽ẁΤϣχ ṛ ΥὋ
ÅAlibaba ʺ ⁯πӊ τ ϦοΜϥ

ÅP4 ᾆẕᵫ ϒχ ⱢψὋ
ÅP4ψṌτІϱАЎ πψσΨ ΥῲΥμοΜϥ
Å IPU (Mount Evans)  ψIntel τρμοχЀϯ
ÅDPDK (IPDK), P4TC σςʺЊТЕϳϴϯπχP4ᶨ ϜὋ

Nick McKeown Fireside Chat  Ϟ Rob Sherwood (Intel NEX CTO) χ Key Note π
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Intel Vision: Common Programming Model with P4, 2023 ver

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

2021 P4 Workshop @online
"P4 AT INTEL"

Guido Appenzeller, CTO, Data Platforms Group, Intel

Д˔ЌФй˔рϬФкϽжЫУиτβϥʺρΜΞ ψ ˢCisco  Silicon One, Broadcom, etc. ˣ

г˔ЃИ˔Їτ›ϩδθ σϸІЌЫϱЇ ̰ Ђ˔НЂϱЖˢSmartNIC/Software ˣΥ︠ τσϥ

2023 P4 Workshop @SanJose
"The Power of Fully -Specified Data Planes"

Rob Sherwood, CTO, NEX Cloud Networking Group
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Tofino Architecture  Ϸ˔Фрᴟ̍ЀЬвИГϰπχӲⱱ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

Tofino Ϭ RISC-V χϢΞτ῝ᵫβϥχψˁ

Å τЪЅГϰУ

Å ΰʺςχϢΞτӲⱱ ήδϥзЊ˔ІϬᶎ βϥΤˁΥᴿ

Å RISC-V ψ Ψχ PhD Team τϢϥᾆẕᵫ зЊ˔ІΥΚϤʺ

SiFiveΥỲ σНАϼϯАФ̍ Ộ ᵫϬ ΰθ

Å Tofino  τḩΰο χϵЀЄІГЭϬ  ʾӲⱱβϥ ψˁˁ

ÅӲⱱᴦ σЀЬвИГϰϬ  ְ֫βϥϯϱДϰϯψ ḐὝ
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Д˔ЌФй˔р Ṱᾠ῎ ρΰοχP4 
P4χ ∕ ˢP4 s raison d Ċtreˣ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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Д˔ЌФй˔р Ṱᾠ῎ρΰοχ P4

КАЕм˔ϼχᶗ τψ ᴟ Υ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

Scott Shenker, 2011 ¬Networking Needs Abstractionsº 

YouTube: https://www.youtube.com/watch?v=YHeyuD89n1Y&t=259s

"The Power of Fully -Specified Data Planes", Rob Sherwood, CTO, NEX Cloud Networking Group, Intel

P4ψЀрЕк˔иФй˔рρД˔ЌФй˔рϬ βϥ

Д˔ЌФй˔рχ ᴟϬםᾝβϥ

ϯ˔ϺГϼЎаχЀрЪ˔КрЕϬ βϥⱧτϢϤ

ЀрЕк˔иФй˔рρД˔ЌФй˔рΥ

ΰοϱЛЦ˔ЄдрϬṞάΰ ᴟβϥⱧΥᴦ τσϥ

https://www.youtube.com/watch?v=YHeyuD89n1Y&t=259s
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Д˔ЌФй˔р Ṱᾠ῎ρΰοχ P4

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

ᴡΥᴦ τσϥΤˁ 

ÅД˔ЌФй˔р ᴟйϱб ... ІϱАЎ̍SmartNIC

ÅГІЕχḛ ᴟ

ÅМ˔Жϳϴϯ χḛ ᴟ

ÅЊТЕϳϴϯ ᴟʾϷТк˔ЖχḛӬᴟ
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"Keynote 7 - P4 HAL for Network Virtualization", Parveen Patel, Google Cloud , 2023 P4 Workshop @SanJose

Д˔ЌФй˔р ᴟйϱб ˢSwitchˣ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

ЀрЕк˔жτ ΰʺД˔ЌФй˔р ᴟйϱбˢAPIˣϬ ằ

Orion SDN 
Controller

Ђ˔РІϞϯФзχ ψ
ˢЀрЕк˔ж˔ˣ
ДНϱІχ ϢϤ Μ

Fixed Function ASIC
Ϝ αHALὊ π Ὲ
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"Keynote 7 - P4 HAL for Network Virtualization", Parveen Patel, Google Cloud , 2023 P4 Workshop @SanJose

Д˔ЌФй˔р ᴟйϱб ˢSmartNIC ˣ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

КАЕм˔ϼ
ᴠ ᴟйϱб

М˔Жϳϴϯ
ϬῖḊᴦ τ
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Snap: a microkernel approach to host networking

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://dl.acm.org/doi/10.1145/3341301.3359657
Google @ SOSP'19

Blog: https://hub.packtpub.com/google -ai- introduces -snap-a-microkernel -approach-to-host -networking/
OCP, Networking/NIC Software:  https://www.opencompute.org/wiki/Networking/NIC_Software

https://dl.acm.org/doi/10.1145/3341301.3359657
https://hub.packtpub.com/google-ai-introduces-snap-a-microkernel-approach-to-host-networking/
https://www.opencompute.org/wiki/Networking/NIC_Software
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"Keynote 7 - P4 HAL for Network Virtualization", Parveen Patel, Google Cloud, 2023 P4 Workshop @SanJose

ÅӰσϥМ˔ЖϳϴϯˢSmartNICˣτЪ˔ГϰрϽβϥχψ ӡχ⌠Ộ

Å χNICϬ “ΰο βϥθϛτ "HAL" ψ

ÅP4 ρψʺΩ σКАЕм˔ϼχ "HAL"

Å σО˔БΥ μοΜϥ

ÅAPIs + behavioral model + validation tests

Å ΰʺ βϥО˔БϜΚϥˢΚμθˣ̰ ІϱАЎτψ Μ ΰΜ Ὧ

Å‰ σAPIΥ ˢHigh-performance P4Runtime ˣ

Å Millions table ops/sec for per -connection insert/delete, bulk ops, counter reads

Å χḜ ʿLocal controller only, no need for the overhead due to serialization

М˔Жϳϴϯ ᴟйϱбˢHALˣχ  

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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"Keynote 7 - P4 HAL for Network Virtualization", Parveen Patel, Google Cloud, 2023 P4 Workshop @SanJose

SmartNIC ΰΪP4ḩ ם χᶈ ˢGoogleˣ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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Д˔ЌФй˔р Ṱᾠ῎ρΰοχP4τϢϤᴦ τσϥⱧ

ÅЀрЕк˔иФй˔рχГІЕḛ ᴟ

ÅД˔ЌФй˔рϬЊТЕϳϴϯˢe.g. P4 DPDKˣτ ГІЕϬם☼

ÅCI/CDḕẽϒχ ›Υ Ӭτ

ÅЂ˔РІḕẽπψМ˔ЖϳϴϯϬ ˢe.g. Switch ASIC, SmartNICˣ

ÅД˔ЌФй˔рχГІЕꜛ ᴟ

ÅГІЕχꜛ ˢГ˔Уи“ם ʾ  χꜛ ᴟˣ

ÅГІЕОϾАЕχꜛ

ÅὫᴮχᾁ ˢ ОϾАЕˣ

ГІЕχḛ ᴟ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

p4testgen : Automated Test Generation for Real -World P4 Data Planes
https://opennetworking.org/wp -content/uploads/2022/05/Fabian -Ruffy-Final-Slide-Deck.pdf

╥―ʿ2023 P4 Workshop, "The Power of Fully -Specified Data Planes", Rob Sherwood

https://opennetworking.org/wp-content/uploads/2022/05/Fabian-Ruffy-Final-Slide-Deck.pdf
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Д˔ЌФй˔р Ṱᾠ῎ρΰοχP4τϢϤᴦ τσϥⱧ

М˔Жϳϴϯ χḛ ᴟ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

╥―ʿ2023 P4 Workshop, "The Power of Fully -Specified Data Planes", Rob Sherwood

Κϥ "ЊТЕϳϴϯ X" ψ "М˔Жϳϴϯ Y" πЂЪ˔ЕˢЪ˔ГϰрϽˣᴦ Τˁ

χᵕ

Å♯“┬῏πЪ˔ГϰрϽʺϜΰᵔὨπΦσΜᴿ ΥΚϦω NO ρὫ

ÅЪ˔ГϰрϽᴦ πʺϜΰῲ ӤσГІЕϬם☼ΰОІΰθϣ YES ρὫ

ϢϤ Μᵕ

Å "ЊТЕϳϴϯ X" Ϭ "P4π ᴟήϦθД˔ЌФй˔р" τ ΰᵫ βϥ

Åל ϬЄрФиτ   ̰ "X.p4" ψ "М˔Жϳϴϯ Y" τЫАФᴦ Τˁ

Åḁ σЊТЕϳϴϯӱ ϢϤϜʺp4Ὂ χ︣ ЫАСрϽχ Υḛ

ÅϢϤ ΨʺϢϤḛ πʺϢϤ ΰΨσϥᴦ Υ‰Μ

IPU E2000 (Mount  Evans) ρ FPGA Ц˔Іχ IPU πם ΚϤ
ˢЯНϱиг˔ІϾ˔Іˁˣ
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Д˔ЌФй˔р Ṱᾠ῎ρΰοχP4τϢϤᴦ τσϥⱧ

ЊТЕϳϴϯ ᴟʾϷТк˔ЖχḛӬᴟ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

╥―ʿ2023 P4 Workshop, "The Power of Fully -Specified Data Planes", Rob Sherwood

Å ᵔΰϞβΜṜ τϢϤʺД˔ЌФй˔рχ ᴟΥ Ӭτ

ÅМ˔ЖϳϴϯϷТк˔ЖΥ ӬτˢClearer semantics for hardware -offloadˣ

ÅExample #1: Linux Kernel Traffic Classification (TC) System

ÅLinux TC χ P4 τϢϥṜ

ÅЊТЕϳϴϯם“ ̰ ФжАЕТ϶˔Эτᴂα σϷТк˔ЖΥᴦ

ÅExample #2: P4 for Kubernetes

ÅCalico P4 Plug- in, k8s.p4 Ϭ ΜοʺЊТЕϳϴϯם“

ÅKernel dataplane (iptables, iproute) ϬIPUτϷТк˔Жᴦ

Åhttps://ipdk.io/documentation/Recipes/PaaSOffloadKubernetes/

Åhttps://github.com/ipdk - io/k8s - infra -offload

P4 Ϭ ΜθЊТЕϳϴϯД˔ЌФй˔рᵫ

https://ipdk.io/documentation/Recipes/PaaSOffloadKubernetes/
https://github.com/ipdk-io/k8s-infra-offload


JANOG 52
in NAGASAKI˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

2023 P4 Workshop @SanJose "The Power of Fully -Specified Data Planes", Rob Sherwood, CTO, NEX Cloud Networking Group

ˮФкϽжЬрϽᾠ῎˯ˮ Ṱᾠ῎ˢ ᴟйϱбˣ˯ 

ΥẐϛϣϦϥЂ˔Н˔ЂϱЖπχᶨ Υᶨ ᴟ
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Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр
P4τᾢ ΰσΜῲΜ♪ π

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр Υ ρσμθ ὂ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://nextgeninfra.io/smartnics - infrastructure -acceleration/

̞ ϯϼЈжй˔Єдр ̰ ϷТк˔Ж ϬḯϚ

https://nextgeninfra.io/smartnics-infrastructure-acceleration/
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ЕйрЖχ ᴟτϢϥʺϯФзϾ˔Єдр  χ ᴟ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://github.com/karlrupp/microprocessor - trend -data

χ κ

ˢCPUˣ

Ѐϯ χ ᴥ

Moore s Law
Amdahl s Law

Dennard Scaling Principles

https://github.com/karlrupp/microprocessor-trend-data
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ˢCPUˣйрЖχ ᴟτϢϥʺϯФзϾ˔Єдр  χ ᴟ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

North -South Traffic  
ϯФжϱϯрІΥϿ˔Еϳϴϱρΰο

КАЕм˔ϼṐ Ϭ ằ

East-West Traffic  
Ђ˔Н˔τựΜ πχ

КАЕм˔ϼṐ ằΥ τ

ϯФзϾ˔Єдр  χ ᴟτϢϤʺКАЕм˔ϼṐ χ Ϝ ᴟ

Firewall

Load Balancer

Server Server Server Server

Internet

Server Server Server

Internet

micro -service
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ˢCPUˣйрЖχ ᴟτϢϥʺϯФзϾ˔Єдр  χ ᴟ

Å 2015 Google: Profiling a warehouse -scale computer

Å https://dl.acm.org/doi/10.1145/2749469.2750392

Å They found that the diversity of  workloads would benefit from flexible architectures, and 
identify a ¬datacenter taxº in the lower layers of the software stack that comprises nearly 
30% of cycles across jobs and that are prime candidates for hardware specialization and 
acceleration.

Å 2020 Facebook: Accelerometer: Understanding Acceleration Opportunities for Data 
Center Overheads at Hyperscale

Å https://dl.acm.org/doi/10.1145/3373376.3378450

Å Another study by Facebook published in 2020 found that microservices spend as few as 
18% of CPU cycles executing core  application logic. The remaining cycles were spent in 
common operations not core to the application logic, including I/O  processing, logging, and 
compression. FaceBook believed that accelerating standard building blocks can significantly  
improve data center performance and they built a model to project possible hardware 
speedup in microservices.

ϯФзϾ˔ЄдрΥ ϛϥCPU χ ᴞ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://dl.acm.org/doi/10.1145/2749469.2750392
https://dl.acm.org/doi/10.1145/3373376.3378450
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Multi -core CPU

Ђ˔Н˔ЂϱЖπ σ КАЕм˔ϼṐ χϯϼЈжй˔Єдр

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

КАЕм˔ϼṁ Ṑ
ᴠ ІϱАЎʺӚ‹ᴟʺ
к˔ЖНжрІʺḗ♪

ϯФзϾ˔Єдр

ϯФзϾ˔Єдр

ϯФзϾ˔Єдр

Multi -core CPU

ϯФзϾ˔Єдр

ϯФзϾ˔Єдр

ϯФзϾ˔Єдр SmartNIC

КАЕм˔ϼṁ Ṑ
ᴠ ІϱАЎʺӚ‹ᴟʺ
к˔ЖНжрІʺḗ♪

ϯФзϾ˔Єдр

ϯФзϾ˔Єдр

ϯФзϾ˔ЄдрχCPU ΰ
̍ЈϺвзГϰχΰ ˢϯϱЊй˔Єдрˣ

SmartNIC τϢϥCPUϷТк˔Ж
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ˢ ˣὓ▄зЊ˔Іχ ╩

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ
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ÅЊТЕϳϴϯ (Software Based)

Å ︠τ Kernel Network Stack  πם“ήϦϥ χὖᾚϞНϱОІ

Å Linux Kernel ρ ΚϤ

Å eBPF , XDP , AF_XDP (eXpress Data Path, Address Family XDP)

Å vDPA (virtio data  path acceleration)

Å ˢЀрГЗσςϯФзϾ˔Єдрṁ ϞʺϷУЃ˔НРзГϰπχ Υ Μˣ

Å Linux Kernel ρ ΰ

Å DPDK (VPP, IPDK, OVS-DPDK)

Å ˢVPP ʺNFVм˔ϼк˔Жπχ Υ Μˣ

ÅМ˔Жϳϴϯ (Hardware Based)

Å ОϾАЕ τˢCPUϢϤˣ ΰθʺЖЮϱр ᴟἷχМ˔ЖϳϴϯϬ

Å ASIC, NPU , FPGA, SoCˢMany-coreФкЈАЂ˴Ӛ‹ᴟʾӊ ʾ ▄ם ЎАФˣ

Å NICἷχТ϶˔ЭТϮϼЌτ ∏ήϦʺIPU/DPU ρϜᾦωϦϥ(SmartNIC )

Ђ˔Н˔ЂϱЖʾϯϼЈжй˔Єдр םᾝ ꜠χ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

ʿIPU/DPU/SoC/ASIC /NPU etc.  ψᾗ σ ṰΥσΨʺЦрЍτϢϤӰσϥ ›ΥΚϥ
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"SmartNIC" χЌϱФ

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

IPU/DPU  
(ASIC/NPU)

FPGA
Many Core 

Processor (SoC)

ФкϽжЫРзГϰ ᶓ ‰Μ
ˢг˔ІϾ˔ІτӢ ˣ

τ‰Μ τ‰Μ

ФкϽжЭχ
ΰϞβή

Ӭ
ˢSDKϬ ˣ

ΰΜ
ˢHDLχὊᾓΥ ˣ

ᶓ Ӭ
ˢC-likeσᾠ῎Υ Μˣ

ᴣᶊ  [*] τ Μ ‰ ιΥ‰ᴣ Μ

ˢ ˣ Intel IPU E2000
AMD Pensando  DPU

Intel IPU F2000X -PL
Intel IPU C5000X-PL

AMD Alveo SN1000, U25N
τϜ χЦрЍΥ ằ

NVIDIA BlueField DPU
Marvell OCTEON DPU

"Choosing the Best SmartNIC", NIVIDA, Sep 14, 2021 Ϭᾕτ ϬᴥΠο⌠
https://developer.nvidia.com/blog/choosing -the-best-dpu-based-smartnic/

[*] ᴣᶊψ Ϟ τϢϤ ΦΨ ᴟβϥθϛ ᶎ Υ FPGA: Intel (Altera), AMD (Xilinx)

https://developer.nvidia.com/blog/choosing-the-best-dpu-based-smartnic/
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Intel IPU  E2000 (MountEvans) & FPGA Cards

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://www.intel.com/content/www/us/en/products/details/network - io/ipu.html

https://www.intel.com/content/www/us/en/products/details/network-io/ipu.html
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AMD Pensando DPU

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

Portal : https://www.amd.com/en/accelerators/pensando

"Developing Real World Applications", Krishna Doddapaneni, AMD, 2023 P4 Workshop

https://www.amd.com/en/accelerators/pensando


JANOG 52
in NAGASAKI

AMD Alveo SN1000, U25N SmartNIC

˙ P4Τϣ ϥ ˙ Ђ˔Н˔ЂϱЖ‰ ОϾАЕ χᾝ ρ ˛ᵤ ὲ ̏ЕеЌꜛ כּ

https://www.xilinx.com/products/boards -and-kits/alveo.html

https://www.xilinx.com/products/boards-and-kits/alveo.html

