T—RIL—2TRI I3V
“PA” MRD—H

aAYvkA—I)ILTL—2 O3 2 "T ¢

NE42BEIEHRA =
ARI T4 YR FEITEFESR InfoTech DCA 735G
TY )L )Y —Fv— B EE ERED

TOYOTA en Networking
INFOTECH Conference Japan 2019



PAL(L ?

T—3IL—VDEFHEIOISLTE=SEEE
IN—H— (NS EEHT)
IVFT—TIL (LAT O AEERS)
7oary (WEBRARA)

inm

Switch

Dataplane

/ \_:Ij;_ Process Process Process #;:L_ (Qos)
(N TRHT) Logic Logic Logic INTyNE

INTYNLIBINAT A
Open Networking
TOYOTA == =o= ~
leFDTECH —3TL—oT0T I3 "PA" DRD—EH ~ AVMA—)LTL—r a2 =T Conference Japan 2019



T

T—327L—2%707 53T IVICT SHEI

A—RT—XRIZEHET)V—ADE 7

BHOI—R5—X

15D /IN—KFDTF7T

|25 Jis

RT—2E)T4MLE (1) —RE]

FACIE)

ARG ACLYYFT—TIL(BFIL—IL)

N2

HE J4—JLE DExact Match (~ 8B A J/)L—JL)

FHLWT T 75— - HREDEE

INTYRANDIEERD I

D IAFH

Ji B AN YA DTE 2 (ex: Telemetry, OAM)

FHLLvTAara)LDOHR—k (ex: VXLAN)
ZFHLULNGEIE A~ DG (ex: GTP, SFC)

ASICEREIZIF1.5~3FRENE

TOYOTA T—RTL—20T0T 3307 P DRD—%H ~ AVPA—)LTL— 32T ~

INFOTECH

Open Networking
Conference Japan 2019



T

ASIC DHERE = Ry F M EIRA[EL#ERE

TOYOTA

INFOTECH

[IRELTZY T I DB My TEH A

Switch OS

Driver

Fixed-fUh\\ction switch

T=RTL—rTATII0T P4 DRO—% ~aAbO— LT —rba3a =T ~

B
i)y
oo

AAFTEIRLE-ULVERE = ASICO?

Switch OS

Driver

Programr}mable Switch

"How We Might Get Humans Out of the Way - Keynote by Nick McKeown", ONF Connect 2019

https://www.opennetworking.org/onf-connect-2019-resources/
https://www.opennetworking.org/wp-content/uploads/2019/09/Connect-2019-Nick-McKeown.pdf
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https://noviflow.com/
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"Using Programmable Chip and Open Source SW Toward Disaggregated

htt D '//WWW kU IC I ou d .CO m/ Network Packet Broker and 5G UPF“, P4 Workshop, May 1st, 2019

« "Prism Controller" ZfL\ P4 TEo1=T—43TL—%EE
o E/NALILTORTIL(GTP)IZH XTI
* Network Packet Broker (NPB), 5G UPF (with N4 interface) Linux Abstraction

Ingress Ports NPB Egress Ports Prism Controller

Flow Mapping

: 52
E% '."; VolIP Analyzer
L TAP

___________ L1-2 Flow Match Video Analyzer PRISM Agent

........
. .

L3 Flow Match 5G Analyzer

I -
AT AN
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...... 5G Analyzer
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< SGW GTP Outer IP Match
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"How We Might Get Humans Out of the Way - Keynote by Nick McKeown", ONF Connect 2019

https://www.opennetworking.org/onf-connect-2019-resources/
https://www.opennetworking.org/wp-content/uploads/2019/09/Connect-2019-Nick-McKeown.pdf
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Programtﬁable Switch

"How We Might Get Humans Out of the Way - Keynote by Nick McKeown", ONF Connect 2019

https://www.opennetworking.org/onf-connect-2019-resources/
https://www.opennetworking.org/wp-content/uploads/2019/09/Connect-2019-Nick-McKeown.pdf
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P4Runtime overview =

T

Protocol for runtime control of P4-defined switches

®
Designed around PSA architecture but can be extended to others

0

Control plane

e Work-in-progress by the p4.org API WG

O Initial contribution by Google and Barefoot
p4runtime.proto

o Draft of version 1.0 available: https://p4.org/p4-spec/ s

e Protobuf-based API definition

o Automatically generate client/server code for many languages
o gRPC transport /| Program-independent
server (e.g. gRPC)

e P4 program-independent =
o APl doesn’t change with the P4 program e I :
e Enables field-reconfigurability 0
Ability to push new P4 program, i.e. re-configure the switch Reinie

pipeline, without recompiling the switch software stack

Copyright © 2018 - Open Networking Foundation

............................

O

Slide courtesy P4.org
ONS 2018, "Tutorial: P4 and P4Runtime Technical Introduction and Use Cases for Service Providers

P4Runtime

Releases for P4ARuntime

e v1.0.0 [HTML | PDF] (Jan 2019)
* working draft. [HTML | PDF]

https://p4.org/specs/

, .
https://events.linuxfoundation.org/wp-content/uploads/2017/12/Tutorial-P4-and-P4Runtime-Technical-Introduction-and-Use-Cases-for-Service-Providers-Carmelo-Cascone-Open-Networking-Foundation.pdf
Open Networking
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https://events.linuxfoundation.org/wp-content/uploads/2017/12/Tutorial-P4-and-P4Runtime-Technical-Introduction-and-Use-Cases-for-Service-Providers-Carmelo-Cascone-Open-Networking-Foundation.pdf
https://p4.org/specs/

IDL: Interface Definition Language

T

P4Tuntime == gRPC + protobuf

gRPC

RPCEEHI ST7O0RIIL
HTTP/2.0 X5 TLS Z 52 AAR—MZF|FH
AR—DI—AEEEE (DL ZHAWNT,. H—EX

EAYL—TEEE
KIETOUSLEE

FEA & IEEIHABIE 12X IS

EEEEE

TOYOTA

INFOTECH

DAZTA—FEBEEAER
B

Stub

Ruby Client

Android-Java Client

T—RTL—2TAG I3 "PA" DRD—% ~ A bA—)LTL—2&a3a=T & ~

protobuf
« gRPCTIAILFDIDLELTUTZEE
.« Y—ER[UH—TT—R
o AytE—U-RAO—FDIEE
« BEILT—32 & D)TIAReENnt=N1FY)

syntax =

“proto2”;
package tutorial;

message Person {
required string name =
required int32 id = 2;
optional string email = 3;

1;

enum PhoneType {
MOBILE = 9;
HOME = 1;
WORK = 2;

]

message PhoneNumber {

required string number = 1;

optional PhoneType type = 2 [default = HOME];
i

repeated PhoneNumber phones = 4;

i

message AddressBook {
repeated Person people = 1;

i

Open Networking
Conference Japan 2019



P4 compiler workflow

25

method / message

Target driver

o Target-independent compiler output
m Same P4Info for SW switch, ASIC, etc.

Switch ASIC

Full P4Info protobuf specification: N
h ‘/lqithub.com/p4lana/p4runtime/blob/m r/proto/p4/confia/v1/pdinfo.pr

P4 compiler generates 2 files:
= . : schema (data) (8%
1. Target-specific binaries 1
o Used.to configure switch pipeline P
(e.g. binary config for ASIC, bitstream for FPGA, etc.) i(compiler) ool iane
o Describes “schema” of pipeline for runtime
control test.p4info p4runtime.proto
o Captures P4 program attributes L.‘/ ______________________ |
m Tables, actions, parameters, etc.
> Protobuf-based format T

EHE

|

ONS 2018, "Tutorial: P4 and P4Runtime Technical Introduction and Use Cases for Service Providers"

https://events.linuxfoundation.org/wp-content/uploads/2017/12/Tutorial-P4-and-P4Runtime-Technical-Introduction-and-Use-Cases-for-Service-Providers-Carmelo-Cascone-Open-Networking-Foundation. pdf

TOYOTA T—RTL—20T0T 3307 P DRD—%H ~ AVPA—)LTL— 32T ~
INFOTECH
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https://events.linuxfoundation.org/wp-content/uploads/2017/12/Tutorial-P4-and-P4Runtime-Technical-Introduction-and-Use-Cases-for-Service-Providers-Carmelo-Cascone-Open-Networking-Foundation.pdf

T

pdruntime.proto

https://github.com/p4lang/p4runtime/blob/master/proto/p4/vl/p4runtime.proto

P4ARuntime "service" @) "method" & "message" & E &

service P4Runtime {
// Update one or more P4 entities on the target.
rpc Write(WriteRequest) returns (WriteResponse) {
}
// Read one or more P4 entities from the target.
rpc Read(ReadRequest) returns (stream ReadResponse) {

}

// Sets the P4 forwarding-pipeline config. // Represents the bidirectional stream between the controller and the
rpc SetFor\war\dingPipelineCon-Fig(SetFopwar\dingPipelineC // switch (lnltlatEd by the Contl"O].].el"), and is managed for the 'FO].lOWing
returns (SetForwardingPipelineConfigResponse) { // purposes:
} // - connection initiation through master arbitration
// Gets the current P4 forwarding-pipeline config. // - indicating switch session liveness: the session is live when switch
rpc GetForwardingPipelineConfig(GetForwardingPipelineC //  sends a positive master arbitration update to the controller, and is
returns (GetForwardingPipelineConfigResponse) { // considered dead when either the stream breaks or the switch sends a
} // negative update for master arbitration
// - the controller sending/receiving packets to/from the switch
// - streaming of notifications from the switch
rpc StreamChannel(stream StreamMessageRequest)
returns (stream StreamMessageResponse) {
}
}
TOYOTA L T O DR 1o Dy Byt e oD Iy b= =g ke pen Networking
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https://github.com/p4lang/p4runtime/blob/master/proto/p4/v1/p4runtime.proto

pdruntime.proto

https://github.com/p4lang/p4runtime/blob/master/proto/p4/vl1/p4runtime.proto

P4ARuntime "service" @) "method" & "message" & E &

message WriteRequest {
message WriteResponse {
message ReadRequest {
message ReadResponse {
message Update {

message Entity {

message ExternEntry {

message TableEntry {

message FieldMatch {

message TableAction {

message Action {

message ActionProfileActionSet {
message ActionProfileAction {
message ActionProfileMember {
message ActionProfileGroup {
message Index {

message MeterEntry {

message DirectMeterEntry {
message MeterConfig {

message CounterEntry {

message DirectCounterEntry {
message CounterData {

message PacketReplicationEngineEntry {
message Replica {

message MulticastGroupEntry {
message CloneSessionEntry {
message ValueSetMember {
message ValueSetEntry {

message RegisterEntry {

message DigestEntry {

message StreamMessageRequest {
message PacketOut {

message DigestListAck {

message StreamMessageResponse {

message PacketlIn {

message DigestlList {

message PacketMetadata {
message MasterArbitrationUpdate {
message Role {

message ldleTimeoutNotification {
message StreamError {

message PacketOutError {
message DigestListAckError {
message StreamOtherError {
message Uint128 {

message SetForwardingPipelineConfigRequest {
message SetForwardingPipelineConfigResponse {

message ForwardingPipelineConfig {

message GetForwardingPipelineConfigRequest {
message GetForwardingPipelineConfigResponse {

message Error {

ITOYOTA

INFOTECH
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https://github.com/p4lang/p4runtime/blob/master/proto/p4/v1/p4runtime.proto

P4Info example

basic_router.p4 basic_router.p4info

26

actions {
id: 16786453

action 1ipv4_forward(bit<48> dstAddr, name: "ipv4_forward"

bit<9> port) { params {
/* Action implementation */ dids 1
} name: "dstAddr"

bitwidth: 48
dds 2
table dipv4_lpm { name: "port"

key = { @ bitwidth: 9
hdr.ipv4.dstAddr: 1lpm; 4 }
} - }

actions = { S
ipv4_forward; tables {
s P4 compiler id: 33581985
} name: "ipv4_lpm"
match_fields {

} id: 1
name: "hdr.ipv4.dstAddr"
bitwidth: 32
match_type: LPM

action_ref_id: 16786453
}

P4Runtime table entry example

basic_router.p4 Protobuf message

Slide courtesy P4.org

27

ONS 2018, "Tutorial: P4 and P4Runtime Technical Introduction and Use Cases for Se

action ipv4_forward(bit<48> dstAddr, table_entry {

bit<9> port) { table_id: 33581985
/* Action implementation */ match {
} field_id: 1
table ipv4_lpm { 1pm {
key = { value: "\n\000\001\001"
hdr.ipv4.dstAddr: lpm; Control plane prefix_len: 32
} generates }
actions = { }
ipv4_forward; action {
action_id: 16786453
} params {
S param_id: 1
} value: "\000\000\000\000\000\n"
}
params {
& o aram_id: 2
‘ Logical view of table entry Catiel "\esEibeT
}
hdr.ipv4.dstAddr=10.0.1.1/32 }

-> ipv4_forward(00:00:00:00:00:10, 7) }

rvice Providers"

https://events.linuxfoundation.org/wp-content/uploads/2017/12/Tutorial-P4-and-P4Runtime-Technical-Introd

uction-and-Use-Cases-for-Service-Providers-Carmelo-Cascone-Open-Networking-Foundation.pdf
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INA TS5 DT—43E (Table, Match Field, Action)
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PARuntime o  APIHEHRTIEERTE & (method/message & schemaE & D 53 5 )
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OpenFlow .+ APIHHTESRFH
RUA =B IT1—ILEDF|FHIZXEY Match Field DIL3EH ] EE
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- SAl . AP TEEFEH
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P4 TEEh TELWRAYFHERE~NDT IR

PADEER EREAL TENMET S EMNHHERTE - #5T D E I (Port ID, Stats etc.)

Switch Agent Architectural Components &M= - Open Sourced on 2019£E|Eg H10H
| Remoteor Leecl Dozl k) ] https://github.com/stratum/stratum

I
| PARuntime | [ oNMI | [ gNOI | S README md
[

[ Switch Broker Interface ]

I ° ¢ : ¢ [
Table Node/Chip ® e °
Manager Manager ¢ ¢

ST~=ATU_M

Platform
E.g. ACL, L2, L3, Packet |/O, . .
programmable S el Manager Stratum - Enabling the era of next-generation SDN

] ]
TO F I N ‘ Chip Abstraction Managers }
~
S D K LT Copyright 2018 Google LLC
user

Stratum switch agent

fived Lo S [ Platform API ] __________________ Copyright 2018-present Open Networking Foundation
| kernel e Stratum is an open source silicon-independent switch operating system for software defined networks. It is building an open,
[ Switch Chlp Drivers ] [ Platform Drivers ] OE,‘ minimal production-ready distribution for white box switches. Stratum exposes a set of next-generation SDN interfaces
T = including P4Runtime and OpenConfig, enabling interchangeability of forwarding devices and programmability of forwarding

| hardware behaviors. Current support includes Barefoot Tofino and Broadcom Tomahawk devices, as well as the bmv2 software switch.

| SwitchChips) | [ Peripheral(s) |

P4Runtime provides a flexible mechanism for configuring the forwarding pipeline on a network switch.
gNMI is a framework for network device management that uses gRPC as the transport mechanism.
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programmable

)

BROADCOM.
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fixed

Shared (HW agnostic)

ITOYOTA

INFOTECH

P4 program as an unambiguous contract describing the complete network

BRI 3% (APIB B AR AT RE) Ly N — OB F B T 58249 L TPAZFI A

P4 on Fixed Function Switch ASIC

behaviour in machine-readable format.

Enabling P4 on BCM Tomahawk

( ]

P4C FPM Compiler

| Remote or Local Controller(s) )
Table Map | ParserMap ---- :
| P4Runtime | | gNMI | [ gnoOl | o Ao : L
. _ _ _ _ L _ Switch Broker Interface € v Painfo
I . =] (target
I Table NOdefChlp I . © _ _ . _| Back End for independent)
: [Manager H Manager | ! Chassis S P4 g e gl L " Stratum FPM
1 | I I Manager g P4 Target
Chip Abstraction Managers I n — | Dependent
: E.g. ACL, L2, L3, Packet I/O, Platform £ IR J I—' IR’ J Mapping
: Tunnel Manager =
I | h
| [ SDK Wrapper ] I n
: ' — user
L swehsok o patomaP | . R
- ] | | kernel | | SDKLT is used to program fixed-pipeline switches
Switch Chip Drivers Il Platform Drivers . c
| | ! [ ) — & using the Tomahawk chip from Broadcom.
: : | ardware
[ [ Switch Chip(s) ] |[ Peripheral(s) ] oM
g connNEcCT

ONF Connect 2019 "P4 on FPM Switches with Stratum"
https://www.opennetworking.org/wp-content/uploads/2019/09/3.30pm-Max-Pudelko-Stratum-FPM-Compiler.pdf
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As APRESIA  1achnical Blog W T =2

SYsTEMS

APRESIA Technical Blog > A—J>=xw ~hDJ—7% > Stratum on BMv2ZEGNS3_ETEN L THI

Stratum on BMv2ZGNS3 ETEH U THI=

é Mr.APRESIA -
%1 2019/10/07 12:00 ' I A - -

B A-T >Ry ko= | pen Né‘c\)\_lotl(MQ :

FUHIC https://www.apresiatac.jp/blog/201910071861/

Open Network Foundation (ONF)(&. BaidkD Google &HETREAED SDN 1 >F—T 1T —XEFENTULND
[P4Runtime] TgNMIJ [gNOIJ (L\g'NE gRPC TBE)ENR—X(CUIZH/z/3 Network OS [Stratum] ORFEZEEDH TUE
Uz, %H. CoFO> 1 ' 0SS & UT Github (C3B SNFELEDT, B> TOEVWERBET,

S[@l%, ONF Connect 19 (CCRMESNTUWNeF 1 — U ILER—=Z(TEHTWETEWECBLET.,. F1— KU FPJLTIE
Stratum MIEE% Mininet TIBE L THD. Mininet (& THEFITINBRHNBEZ D5V eHSEl(E GNS3 THEEL THFEL
Jos
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2A—4 vk (P4 Target)
P4 TERL=7 0T SLMNEMET HIRE (FY T -IT2aL—4—)

xX Tbps xxx Gbps xx Gbps X Gbps
MIBMERE (RIL—T V)
B P $PET e
Barefoot (Intel) Xilinx, Intel Netronome (BMv2, eBPF)

BR—Fys(FyT-ITIaL—43—)

Ethernet Switch SmartNIC Server VM/CT

= TERE = TERE + HhARTE Rk 1E - AR IRIR
ToYbIA—LIER
. - Open Networkin
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P4 TEERLI=TOT S LNENET HIRE

Switch ASIC

XX Tbps

Barefoot (Intel)

P4 Studio

ITOYOTA

INFOTECH

A—* v (P4 Target)

FPGA

XxX Gbps

Xilinx, Intel

P4-SDNet (Xilinx)
Netcope NP4

NPU

xX Gbps

Netronome

Agilio P4C SDK

(FyvITITIaL—45—)

CPU

X Gbps

(BMv2, eBPF)

palang/pac
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P4 on ODM Ethernet Switch (Tofino)
BRRIGIN—FDITEBRDORAYF

Original Device Manufacturer (ODM)

Barefoat Networks is pleased to work with leading ODM whitebox and britebox vendors to further disaggregate netwarking by
decoupling datapath intelligence from switch silicon. Please select one of the vendors to learn mare

lﬂﬂﬂ'anl Interface Mastrs |n\/entGC

NETWORKS

Innovative Network Solutions

&= WING

Wistron NeWeb Corp.

https://barefootnetworks.com/partners/

Ipe '
TOYOTA T—RTL—rTRT 3307 "PA" DRD—H ~ AVMA—)LTL—r Q32T 1L ~ pen Networldng
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T

Interface Masters

lﬂaaﬂaanl K TECHNOLOGLES B

NETWORKS Innovative Network Solutions
Wedgel00BF-32X/65X Tahoe 2624

32/65 x QSFP28 ports 24 ports of 100G/40G QSFP28
& 20 ports of 25G/10G SFP 28
CPU Modules
Intel x86 Broadwell-DE Two Rear-Facing |/Os Supporting
Pentium D-1517 Powerful XEON-D Offload I/O

Xilinx Virtex UltraScale FPGA I/O

Memory (RAM)
4/8/16 GB SO-DIMM DDR4 Tahoe 2860
Storage 32 ports of QSFP28
32 GB M.2 SSD

Control plane processor options
x86 and Power PC
Data plane processors options
MIPS and Power PC

Edge-Core: https://www.edge-core.com/productsinfo.php?cls=1&cls2=180&cls3=181&id=335 | Interface Masters: https://interfacemasters.com/products/switch-appliances/

E SEBRTT, WEOEHIE
BA—h—IZBRBIWEHE T

Ope '
TOYOTA T—RTL—2TATIE0T "PA" DRD—H ~ AVFA—)LTL—2r Q32T & ~ pen Networldng
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Networks Ports

48x25G + 8x100G in 1RU Chassis
Port 1 — Port 16: Support 1/10/25GbE
Port 17 - Port 48: Support 10/25GbE

Networks Ports

64x 40/50/100GbE in 2RU Chassis
256x 10/25GbE via breakout
128x 50GbE via breakout

@STORDIS

STORDIS BF2556X-1T
LAAL L)L LA LAL)
It - -
ook - @ =
- - — -
LILELELIL LILELELIL
ASIC CPU & Core
Barefoot Tofino 2.0Thit Broadwell-DE 8-core @2.0GHz
32G DDR4
128G SSD
STORDIS BF6064X-T
ASIC CPU & Core
Barefoot Tofino 6.4Tbit 8-core x86 CPU
32G DDR4
128G SSD

X SERBHRTY, WEDMLHIE
L A—h—IZBRWEHE TS

INFOTECH

ITOYOTA

STORDIS: https://www.stordis.com/products/stordis-bf6064x-t/

|

Timesync option

1588v2 PTP Time Synchronization

Timesync option

1588v2 PTP Time Synchronization

F—RTIL—UTAYSIVY "PA DRO—%F ~ AV bA—LTL—oba3a =T & ~
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P4 on Fixed Function Switch ASIC

Stratum Switch Support Today

Switch Vendor

@ £\ nELTA BOEOREEEE Inventec  CSQcT @STORD!S“

Switching ASIC
= Wedgel00BF-32X
BARErOH AG9064v1 32100 Gbps D5054 BF6064X
Tofino 64x100Gbps  WedgelOOBF-65X  6x100Gbps+ 64x100 Gbps
Up to 6.5 Tbps 65x 100 Gbps 48.x25Ghps
S| m—_————- -----------------------------------------------------,-\
| sl |
i L~ Z9100 AS7712 D7032 T7032-1X1 i
: Tomahawk 32 x 100 Gbps 32 x 100 Gbps 32 x 100 Gbps 32 x 100 Gbps :
1 Up to 3.2 Tbps ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7

+ 2 software switches: bmv2 (functional software switch) & dummy switch (used for API testing)

Near-term future platforms:

e Additional platforms for existing targets -
goson

o Existing vendors + Asterfusion, ...
e Mellanox SN2700 (Spectrum) MM‘?H*‘HQ’?
e Datacom platforms (PowerPC-based) DATACOM

ONF Connect 2019, "Stratum Overview & Update"

https://www.opennetworking.org/wp-content/uploads/2019/09/2.00pm-Brian-OConnor-Stratum.pdf

Ope '
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P4 on SmartNIC (FPGA/NPU)
. NETCOPE

TECHNOLOGIES NetFPGA-SUME Virtex-7 FPGA Development Board

% NETCOPE
y /

INTEL MAP NFB-200G2QL

2x100G card by Netcope. This datacenter-ready
card offers guaranteed 200 Gbps packet

2x40G card by Intel. This SmartNIC features
Arria 10 FPGA connected as a "bump in the

NETRONGME
Agilio CX Agilio FX Agilio LX
for Compute Nodes for Bare Metal Servers for Service Nodes
T SEERTT. BEOHHE e - e E
&A—D—IZBRLEDETE — Ug — [0 & — LB
Open Networking
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- P4 on CPU

https://github.com/p4lang/behavioral-model

README.md

P4 to eBPF compiler
BEHAVIORAL MODEL REPOSITORY https://github.com/p4lang/p4c/tree/master/backends/ebpf

build ' passing

This is the second version of the P4 software switch (aka behavioral model), nicknamed bmv2. It is meant to replace the

README.md

original version, p4c-behavioral, in the long run, although we do not have feature equivalence yet. Unlike p4c-behavioral, this
new version is static (i.e. we do not need to auto-generate new code and recompile every time a modification is done to the eB PF BaCkend
P4 program) and written in C++11. For information on why we decided to write a new version of the behavioral model,

please look at the FAQ below. The back-end accepts only P4_16 code written for the ebpf_model.p4 filter model. It generates C code that can be

afterwards compiled into eBPF (extended Berkeley Packet Filters https://en.wikipedia.org/wiki/Berkeley Packet_Filter) using
clang/llvm or bec (https://github.com/iovisor/bcc.git).

Stratu m TUtoria IS: Container Of BMVZ + Stratu m An older version of this compiler for compiling P4_14 is available at
htt DS ://g |t h u b .CO m/st rat u m/t uto I"I a I https://github.com/iovisor/bcc/tree/master/src/cc/frontends/p4

Identifiers starting with ebpf_ are reserved in P4 programs, including for structure field names.

Starting a Mininet topology of Stratum switches
This tutorial uses Docker. If it is not installed, follow these instructions to install it.
There is a Docker container with Mininet and the Stratum BMv2 switch preinstalled: opennetworking/mn-stratum

We can use the following command to start the container:

docker run --privileged --rm -it -p 50@01:50001 opennetworking/mn-stratum

docker

Open Networking
TOYOTA F—ATL—oTATFIVY "PA DRO—% ~ AU rA— L FL—2EQZ2 =T & ~
INFOTECH T IRT 95T x - JeTseA Conference Japan 2019
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A2 P4 Workshop @Stanford, California ond P4 Workshop

m Language Consortium BLOG  EVENTS  SPECIFICATIONS  CODE  COMMUNITYw on November 18, 2015

3rd P4 Workshop

on May 2, 2016

on May 17, 2017
Chaired by: Nick McKeown, Stanford University; |ennifer Rexford, Princeton University.

Agenda: p4workshop2015.sched.com 5t h P4 WO r ks h O p

https://p4.org/events/

TOYOTA T—2TL—rTAT ST P DRD—H ~ AU A—)LTL—rEaZa=TaL Upen Networidng
- - = . — > ~ - - 11— ~

INFOTECH 7 o o o i Conference Japan 2019

1st P4 Workshop

on June 4, 2015

Hosted by: Stanford University



https://p4.org/events/

m Laﬂguage Consortium BLOG EVENTS SPECIFICATIONS CODE COMMUNITY w

2018
All events
1st P4 Workshop in Europe (P4WE)
2019 [ September 24, 2018 ] 2018E9ﬁ
P4 Hackathon in Amsterdam ~ 2019%E10H ACM SIGCOMM 2018 Full-Day Tutorial on Programming the
October 18, 2019 Network Data Plane

August 20, 2018 2017
2nd P4 Workshop in Europe (EuroP4) 2019ﬂi9ﬁ

September 23,2019 P4 Developer Day P4 Developer Day Fall 2017
June 6,2018 October 16, 2017

ACM SIGCOMM 2019 Full-Day Tutorial on Programming the
Network Data Plane 5th P4 Workshop

August 23, 2019

4th P4 Workshop

June 5,2018
May 17, 2017

P4 Hackathon at IETF105 East Coast P4 Developer Day, Spring 2018 P4 Developer Day Spring 2017

July 20, 2019 March 9, 2018
May 16, 2017
P4 Workshop 2019 2016
May 1,2019
2015 P4 Developer Day, Fall 2016

P4 Developer Day 2019 October 25,2016
April 30, 2019

P4 Boot Camp, Fall 2015

November 23, 2015 3rd P4 WorkShOp
P4 Hackathon in Frankfurt 201943 H ' -
March 29, 2019

2nd P4 Workshop
P4 Hackathon at NSDI November 18,2015
March 1,2019

1st P4 Workshop
P4 Tutorial at NANOG 75 June 4. 2015
February 19, 2019

R R _ Open Networkin
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P4 @ IETF Hackathon

ml_anguage Consortium BLOG EVENTS SPECIFICATIONS CODE COMMUNITY »

P4 Hackathon at IETF105

https://datatracker.ietf.org/rg/coinrg/about/

on July 20, 2019

racker  Groups

Documents Meetings Other User

Document search

P4 Hackathon at IETF 105 in Montreal on July 20-21, 2019. Computing in the Network Proposed Research Group (coinrg)

The Computing in the Network (COIN) IRTF research group will host a P4 Hackathon at IETF 105 in Montreal on About = Documents  Meetings  History = Photos  Email expansions

July 20 and 21. The goal of the hackathon is to give the COIN community a way to investigate new applications
in P4 and develop prototypes of potential new applications. As of now, a lot of P4 development has focused on

List archive »

Open Networking

data centers, but we would like the hackathon to address the DC-edge programming spectrum. RG Name  Computing in the Network Proposed Research Group
Acronym coinrg
Topics of interest include industrial applications for fault detection, data filtering in streaming media, State Active
autonomous devices at the edge and distributed networking. Participants will be provided with all the tools . )
necessary to create their application. Charter charter-irtf-coinrg-01-00
Dependencies Document dependency graph (SVG)
For more information about COIN, subscribe to their mailing list or visit their wiki. Additional URLs - Issue tracker
. - Wiki
Register Here for the P4 Hackathon. - Alternate Wiki address
- Github repository
. Personnel Chairs B4 Eve Schooler
https://p4.org/events/2019-07-20-ietf105/ & ianfei He
£4 Marie-Jose Montpetit
Mailing list Address coin@irtf.org
To subscribe https:/www.ietf.org/mailmany/listinfo/Coin
Archive https://mailarchive.ietf.org/arch/browse/coin/
TOYOTA F—ATL—UTOGSIY "PA" DRO—% ~ AV bA—LTL—2EaZa =T a1 ~
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BoF ¥° 1 —H—&TOD;EE

B3V 7 b7 IL—X + XA v FBoF
Oreoe () (CEZE

3F Room0

201711298 (7K) 19:00 ~ 20:30
Internet Week 2017
https://www.nic.ad.jp/iw2017/program/b3/

VIR IITFI—R - RA y Fake @

ol < ER SRS 0k>

VLT ITRA T —2OBREE, I-HYHLETEFLY FIZOWTHELTELL, BoFEMEE £ BIC
Flb—EOAEEICOVWTERT 5.

HEFREE CEEEFIIDEELTER. FEALESIIALBEENIAVET, Aol T 7RI,

~ p4alu ~
Arithmetic Logic Unit in P4

Kentaro Ebisawa | Ponto Networks, Inc.

ebiken@pontonetworks.com

Twitter: @ebiken

pdalu ... Arithmetic Logic Unit in P4 | Software Router BoF @ IW2017 Japan | 2017/11/29

INFOTECH

ITOYOTA T—ATL—2TAG I35 "PA" DRD—

H ~arka—)LTL—2éa3a=Tqé ~

SEOY T T T AA Yy

p4alu header format

header_type p4alu_t {

Integer Integer fields { // 14 bytes
Operand Operand I U357
¢ ¢ opCode : 16; .—
= i op2 : 32; i
Uf()“l \/ UJU‘) "‘ESU]-'C32, header_type pd4alu_t {
opCode : } fields { // 14 bytes
result } opl  : 32;
header pdalu_t pdalu; opCode : 16;
op2 32
Integer —): result : 32;:
Re5u|t } ............................
}

header pd4alu_t pdalu;

https://www.slideshare.net/kentaroebisawa/p4alu-arithmetic-logic-unit-in-p4

Open Networking
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https://www.janog.gr.ip/meeting/janog42/program/SP-P4
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P4 Workshop 2018 in Tokyo
[(T—4%7L—>27003307 D R]
- {# : P4.org. Barefoot Networks, RV XA T LXK S (17 E)

L1l

N - I
M S 2018108 3R HEDAE | %bu%‘loo% Lt B
Barefoot Networks \ — =

Net One Systems
P4.org
Arista
Cisco
Apresia & Edgecore
Kaloom Software
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