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m g N m B | A PR b - o

| 7araN-TL—L71—2I b EEDEE(L Efsamey 7
®IETF
* 12RS (Interface to the Routing System) N Wil
* SPRING (Source Packet Routing in Networking) <>
®Open Networking Foundation (ONF) ﬁﬂﬁll?"lx—l’Z/RS |
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IETF

| 12—V ERORELIEEDRE
| IPPMPLSZORVZHEIRL T

SDN%RKIRI3E:E7OM N DIEE(L NWEl@ PCE
®12RS (Interface to the Routing System)
- NWHIHS RAFLDSIN—2 ORIV —T 17 1BEEHRD <> I2RS
S PR TEDAPIZIZ{H Hw#E7L—>
O®SPRING (Source Packet Routing in Networking) spr {}
o KYNT— % ITAPELTIRY, EPBE SRR ING
DINAT)IRENW TF—=2TL—>

®PCE (Path Computation Element)
« KYNT—=9/—EHSINAEHEHEB A2 ERICEI L
EPERELTINWINAETEZ2EE
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I2RS (Interface to the Routing System)

| RYNT—=OIL AP EIET D7D
RENLT-2ETIVORE
o)—S%ENH

| NEORIBIFHRADIFER{H
077\ )ir—ar0 Y ETRABEIL [ A | [ Amws | [ Ares

eHRiLEni=-NV—FT1 715k ERC/
oh RO TF—2DNELIFAKR—b gy
N IMEH] _ IE & data model

O ATF—MEHDRIBAT Y1

| 2 hO-7L—2 (BGP-OSPF)I&
TDFEF .
I %%ﬁ*ﬂ' Stats Stats
®[I-D.ietf-i2rs-architecture] T L iRe R
®[I-D.ietf-i2rs-problem-statement]

Data plame
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SPRING (Source Routing, Segment Routing) 1/2

| \WOSHEE S HBORSEHET A TYYRONWEHES
oY MNI—V &t I A MTRIR (Node&Adjacency)
ofLrhilfH : vItR{b-BEME-TE
OHII & El  BIRETH. BEEREN. OAM, F[E
OMPLSELLIZIPVOICEBTF—2T7L— R

BIPL
eControl Plane®¥ > 7Vt

 IGPTsegment id&Eifn, €34 LDP, RSVPZHERR

.im”\OSCajame?:ﬁTE Apps Apps
i Zi_hbzb\jv %H’PEE%”""*[/’CCSPF NW controller
® TransportiyZ:/ A& A (<& it o] 5E (PCE etc)
- Explicit/SR, OAM, BFD, Protection& )&}t ’
| 288

® [I-D.filsfils-spring-segment-routing],
[I-D.filsfils-spring-segment-routing-use-cases,
[I-D.filsfils-spring-segment-routing-mpls].
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SPRING (Source Routing, Segment Routing) 2/2

| VPLSER OIS
®ingressIYI—2TTiliB T Bsegment ideRIRTAMPLS tagZ® 3N Tpush
ORI —2TIECSPFICHEL N4y MR %
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10—>12—>30EE E ! 6"1 ;2) o hop popping)
M9 S 12 12 | :
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60/ad] 30
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Open Networking Foundation

| OpenFlowE b &LiA—T 2 & OpenFlowD R

{t#ROSDNRIETZOPINDOIRE i AL
{LE o
©20115F3AICERST. 1504tH\ N OpenFlow 3~ FA—3 Config
(2014FE5AKR) avka—LIL—y point
. o . L—F AT [RA9F G
SDNICEAD S L IRDRE(RIMA -
RyYId1.4, REMRIZ.3) OpenFlow 7AR3
 OpenFlow switch specification OpenFlow XA YF
— switch&controllerffO7O0—§liH S
» Ethernet, VLAN, IPv4, IPv6, ARP, Flow Table
ICMP, L4 port o ‘
» MPLS, PBB, QinQ e Dt OF-CONF
- OF-CONFIG o W
— NETCONFZA—=ZAl-L #=OpenFlow
switch#IRIEE7ab2b EH 7O OMIBAE 4
— OpenFlowaxhkA—3%7)v <, @IVFLAYG, -

hRWVKRLPDERE {BLEEOHHH B E)
Page 10



ONFDIEEE{L DE R

| StanfordX@Clean Slate Program#*S0penFlow® B F 5
| EX{LEIRONFH R RL SDN/OpenFlowDiE#E{L2)—R

2008 2009 2010 2011 2012 2013 2014

CLEAN SLATE OpenFlowD#Zepa%

Stanford X% Clean OpenFlow {1 #RRE - BE i%%th:éNFV/SDN ETs]| 6

Slate Program [E?ﬁﬂ.’. \( D

[ OpenFIOW ] c OPenFlmc 'OPenF c OpenFlow C OpenFlow c OpenFlow C OpenFlow
@777t ) or08 oOF09 OF10 OF1.1 OF1.2 OF1.4

Lagopus

\WT2 Lt _— I

[ SDN®MOSS ] NOx *%L (ﬁ?
‘ OpenDaylight

ol OPEN VSWITCH trema —,’ Ryu lagopus

7
Floodlight

OpenFlowAR/YF-aA;A—5DRRAIL
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ONFDT7—F2 77 MN—7E70rNDIFE(L

OpenFlow

OpenFlow XA yF
EiRZRETOrIL

OF—-Config protocol
[Configuration &
Management WG]

[Interoperability & Test WG]

/N

OpenFlowa>kA—5 - A/ vFDN

ESRAT7IT)r—3

v

PRI —OEERIRAT A

OpenFlow

Configuration Points avko—s

SDND7—FT7F v, HRAEEH
A—RAr—2R, SAERIFES : !>[Architecture and Framework WG]

OpenFlow R A yF®D
ERREFIE T Ol

OpenFlow protocol
[Extensibility WG]

OpenFlowxt i v h™ —o 25

v

CPU

$ [Forwa

rdin

ASIC/NPU

OpenFlow Switch

OpenFlow /\—30 80
FEEEZWINT HENMEESCRE
BEN—FODIT~ADOTIELS

Abstraction WG] [Wireless]
[Optical Transport]

Non OpenFlow
Switch

HAEEGRIIOTARRA—k

H ERPEEEAD
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OpenFlow®d/N\—ay DiER (1/2)

] OpenFlow 1.0
X+ NARYNI—=IXRTF =2 2ADRYNI—2BRBLE7OMN N EYR—b
- Ethernet, VLAN, IPv4, TCP, UDP%
] OpenFlow 1.1
oLz YNNI - TiERAShACLEMELBREMN LR
or—at 2, ¥+ 7R & E 7O NI
ONTIYNNLT 21 IR EKRIRY D7=DDEH7O-T—TIVDHEA
] OpenFlow 1.2
o7ObINDIRIEEBRL =N FA—4 B DRV Y F /58 FX DR
0/ hA—F N7 A INA—IN—Z R REICT N LEH A/ PA—F AN T
] OpenFlow 1.3
O ONFDIRENEE ML
o HIHI 7L —> DIPVeIRIE THEMICIT G
oh )70, V97 5)5 =3y DimBR—MI i
o 7O0—FNHiEkHl#HZERIRI B Quality of ServiceHllfHINI G (Meter)
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OpenFlow®d/s\—ay NDiER (2/2)

] OpenFlow 1.4
o R(EXREH D7/ DR
oiE ¥ bO—S M D78 70— :E )il FNi HE - O— L DI HE
oT—7 IV DFI RIS
O TCPMZETE 6633 to 6653
| OpenFlow 1.5 (3REH)
®Egress TableXhis
o7O0—IMN)DifEH IR EMET M) ke
O TCP7F % match3d s
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3.2 SDN/OpenFlow
KRN EN M)



SDN{b %&£ 57-|c

| OpenFlowTSDN%Z{#&BRL T 7=\
o N\l fE il
1. Ba7Tarta—5%E3
- RBELAEWTT
2. 7V-Lardba—5%RKOV13
- OpenDaylight, Ryu, Trema
3. Jai—3a EBATD

—  OpenFlow 1.3 M mERTRL TS
Ly

oF—a7L— 1l
1. HBHecarbao—>%E3
- HLURBIELALEWTY

2.  7V=&OpenFlowARCIYyF2RDOI13
- Open vSwitch, Lagopus
3. a2 ERBATD
—  OpenFlow 1.3% i RMERBL TS
Ly
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| laaSE#EESDNIEL =0
1. B#9TlaaSEE%ED
- #HLAELTT
2. 0OSS&H/MN)a—ar&RONH3
A)  OpenFlowN—ZX
B) OpenContrail
C) Midonet

3. Y)a—a eBATD
—  SDN¥MiblaaSESBORG%E
RBLTS2&0



3.2.1 SDN/OpenFlow
il il



SDN#IHF

| B2 TNWHIROD Y2 8BE /L AR

OpenDaylight Ryu Trema
Language Java Python Ruby, C
License Eclipse Public v1 Apache v2 GPL
HETgET—27L—> OpenFlow switch v1.0, 13 OpenFlow switch v1.0 — 1.4  OpenFlow switch v1.0,

OVSDBM ALY F 1.3 (trema-edge)

F—27L— BREZORIN  OVSDB, NETCONF OVSDB -
Zabans173Y O (BGP, BGP) O (LW3L\3) O(AL-1AY)
Sample apps ? O (L2, L3, LB, firewall) O (L2, L3, LB, monitor)

| OSSETlaaStHL TIRBE(E>TH AL

Ryu OpenContrail Midnet
License Apache v2 Apache v2 GPL
HEEET—27L—> OpenFlow switch (OVS) vRouter (contrail) OpenvSwitch
#BinTF—27L—>7803  GRE, VXLAN OVSDB
¥RENW L2 overlay VXLAN, Gre MPLS over UDP VXLAN
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Application Layer

Control Layer

Infrastructure
Layer

Page 19

Cloud
Computing

C -

Business Applications

I API IAPI I Northbound API

Network
Services

0SS
Controller

Network Services

Southbound API

0SS
virtual
switch

White
box
switch

openstack

CLOUD SOFTWARE

apachecloudstack

g, OPEN %} @
/y
= P /)

Ryu trema s

(D)
Open contrail
OPEN VSWITCH

An Open Virtual Switch

L
/f 1

Indigo

lagopus

ervee
-7 ,.aik
+ - 0OPEN
¥ X *

Ve Compute Project

Open network linux



Open Daylight (1/2)

| SONZRIRTZ7=NDOSSHES 2—NEIAMA—FTFYNTA—L
O OSGIN—ATaAY;A—FDEEZENRINCT 771/ T HE
- BREEEEIRTB1=HT7L—LT—SAL (service abstraction layer)Digft
o (77 )mlTDOM B MDRESTIcLDNorthbound Interfaceig i

oEM DR YNT—2 /—KRADSouthbound Interface ¥t ity
* OpenFlow 1.0 & 1.3, NETCONF, PCEP, BGP, BGP-LS

| XFERYNT=IONR ) )1—2a N4 DS H ($1404)
| V)-R
0201452 H: Hydrogen
- Base Edition: OpenFlowzHuh&U =B A8 £ ¥ 5E
- Virtualization Edition: ¥—%t>%—Mml}
(RFEFF R IYNT=90F—=IN\—L 12 Y NT—2 ., F*21)T1HEEE)
» Service Provider Edition:iB{§ EEE M}
(BGP-LS, LISP, Metadata service)

020145 9A: HeliumZ&Y)—A
- OVSDB, Service Function Chaining, AAAD XS s
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Open Daylight (2/2)

LEGEND
AAA: Authentication, Authorization & Accounting OVSDE: Open vSwitch DataBase Protocol
AuthN: Authentication PCEP: Path Computation Element Communication Protocol
BGP: Border Gateway Protocol PCMM: Packet Cable MultiMedia
COPS: Common Oﬁen Policy Service Plugin20C: Plugin To OpenContrail
DLUX: OpenDaylight User Experience SDNI: SDN Interface (Cross-Controller Federation)
DDoS: Distributed Denial Of ervice SFC: Service Function Chaining
DOCSIS: Data Over Cable Service Interface Specification ~ SNBI: Secure Network Bootstrapping Infrastructure
73 9y FRM: Forwarding Rules Manager SNMP: Simple Network Management Protocol
H E LI U M GBP: Group Based Pohcg TTP: Table Type Patterns
LISP: Locator/Identifier Separation Protocol VTN: Virtual Tenant Network

VIN
Coordinator

DLUX

OpenStack
Neutron

AAA - AuthN Filter

SDNI DDoS Network Applications
Wrapper Protection Orchestrations & Services

OpenDaylight APIs (REST)

Base Network Service Functions GBP DOCSIS
OpenStack Service Service Abstraction
Topology Stats Switch Host
Manager Manager Manager Tracker
OVSDB LISP L2 SNBI SDNI Controller
Managet Neutron Service | Switch | Service |Aggregator Platform

Service Abstraction Layer (S

(Plugin Manager, Capability Abstractions, Flow Programming, Inventory, etc.)

GBP Renderers

Data Plane Elements
(Virtual Switches, Physical
Device Interfaces)

OpenFlow Enabled Open Additional Virtual &
Devices vSwitches Physical Devices
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Ryu: component-based
software defined networking framework

| EERYMI—V DML SDNE 2RI T
oBEE2/NT— o TOPIMBCPEE DTATTUGIEM o

I SDN?jlja__:/ayEE%j_%r:wo)EBﬁ | http://osrg.github.io/ryu/
oF—4a7L—HlE7aral

* OpenFlow 1.0, 1.2, 1.3, 1.4,
Nicira Extensions (OpenvSwitchEF )

* OF-config, OVSDB JSON
(OpenvSwitchE )

ottiEEEO K- b
« W—F51%7: BGP, MPBGP
- MROJAR: LLDP >ata plane
« P7IRTF L2 BE: VXLAN-GRE*VLAN p——
s X2 )F1: 7714724 Protocol
- @A A{L:VRRP-LACP Ryu generates
o INTYMILTFY): BMP
« OpenStackiE: icehouseHSEFTLL VBB

Page 22
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protocol



HE{LEh7=RyuBI

Unit tests are executed Iﬁm =7 =
.* You can update
: your Ryu
github Docker hub image environment
IS updated with one command

Ryu certification
site is updated

Push the new code

Ryu certification is
executed on test lab
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Trema

| Rubylc ka2 139 MIFEEF>7=0penFlow controller7L—L7—%
o1 hA—7, OF2/173Y), N\WIZab—4iiEz iR it
®OpenFlow 1.0, Trema-edgel=TOpenFlow 1.3%Ffits
O WLV IR THRAEEDE M IEEH 0] fE
O DLV T TRIRENI, SIHATHE

| DCELICIRREFIHY

| AFIEICPELLY
OHAERF 1AM HIOTLVD
®http://trema.github.io/trema/
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OpenStackiEiicA2a /M- RO BIEDEL

| fPEER | PREERE

o3R#fl: OpenDaylight, NEC PFE&EA o3E%Ml: Ryu (OFAgent driver)

o1 7)) xMEOpenFlowarybA—7 oL T)IMEITYIIC

X -Scalability, High-availabilityl& i 7L —L
-Scalability 7—%EH

*High availability
*Single system image

OpenStack
OpenStack | REST API
| REST API '
| Compute node
Compute node OpenFlow Neutron
OpenFlow Neutron ™ ™ Controller Server
M M Controller Server OtpercliSt?iclla(PC
; . UpenFIoIf standar
OpenStack H | OpenFlow switch
i OpenFlow switch OpenFlow standard RPC
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SDNZIgR I 2T —427L—NER

F—g T -

J7M) IR

N—=RI)TPRI

FPGA

s@a7aban

»E70aN « OpenContrail « Cisco Nexus 9K
vRouter (XMPP) (Cisco ACI)
« Cisco
application
virtual switch
(CISCO ACI)
OpenFlow « Open vSwitch « NEC « Corsa * NoviFlow NoviKit
« Lagopus Programmable « Brocade MLX * Netronome
« LINC Flow SW
« Light switch « HP Procurve
* Pica8
« Centec
« Accton
EdgeCore
« IBM RackSwitch
« Juniper MX
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Intel DPDK

| X867 —%F o FricBBILEN T —
27—V RF17FVENICKS 1IN

o XEiB2EREL /=Queue,
bufferEB51 75

®packet flow classification
O R—=1) I NR=ADMNIC driver

| 757 — nBic BB L EhE
B & BERRET 210

| HiS{LEhi=/ oy ais

| BSDZ1t2R )
00SSaZa=FrIcKkWRIRH
®dpdk.org

Page 29

Intel® DPDK Libraries

Customer
Buffer Management Application
Queue/Ring Functions Customer
- === Application
Packet Flow Classification

S Customer
NIC Poll Mode Library Application

Environment Abstraction Layer

User Space

Kernel Space

Linux Kernel




Intel DPDKIc KD RYMI—21/0MISLINA

Standard linux application

Event-base
packet handling

Application

packet buffer

memory

Socket AP]

2. system ¢

all (read) |

I
skb_buf

1. Interrup

t & DMA ? 4.

DMA

Ethernet Driver ARI

‘ packet
buffer

NIC

Page 30

User space

3. system call (write)

Kernel space

Driver

application with intel DPDK

Application
Polling-base
packet handling
DPDK Libyary
|
User-mode}l/O0 & HAL
1. DMA 2. DMA
Write READ
— Ethernet Dyiver A&( —

NIC

‘ packet
buffer




Intel DPDK®D%) R

Introduction of

IA Performance over the Years Integrated PCle*

IPv4 Layer 3 Forwarding on an IA Platform Controller

Memory Controller
+

Intel® DPDK

50
al
50
20
10
2006 2007 2008 2009 2010 2011
Mpps DF Irel® Xeon® DF InTel® Xeon® DP Intef Xeon® 25 Intel Xeon® 25 Irel® Meon® 15 Intal® Xeon®
Processor LV Processor E5345 Processor E5410 ProCessor E5540 processof E5645  Processor 5-2600 (B0
2% 2 Core 2% 4 Core 2 x4 Core 2% 4 Core 2x6Cone st2pping)
2.0 GHz, 567 MHZ F58 2.33 GHz, 1333 MHz F5B 2.33 GHz, 1333 MHz F5B 253 GHz 2.40 GHz 1x 8 Core
20GCHz

5tandard “off-the-shelf” IA platform can deliver huge performance.
Performance jump can be attributed to Core, Memory architecture (iMC) + Intel® DPDK

TRANSFORMING COMMUNICATIONS L IH;D
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F % Software OpenFlow switch®SE3E

] Open vSwitch
oVMwareH i FEE &
o ¥k~ LiLinuxT 1+ AM)THIF vl 6E
RN L{RBILELELDEIEE T HE
OLiNUXA—RINCTF—2T7L—2DEZ1—VHEATFIhTIVS
®http://openvswitch.org/

] Lagopus
ONTTHHREZEE
ot L7aRaANNDTL—LADOpenFlowsi s DI
o ER{LEIUAMT7O0- AN e AR
®http://lagopus.github.io/

J LINC, LINCX
oflowforwardingh BFzEE
O D OpenFlowfL#RX°OF-CONFIGICXT his
® http://www.flowforwarding.org/
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http://lagopus.github.io/

Open vSwitch (1/2)

| 7779bR%45—FK OpenFlow ) 7MIT 7 ALY F
®Linux kernellcvswitch modulehe— K&
O A r—LLinuxTF 1 AM)TAL 2 A=V T HE
oS EL7O— R R HEIE megaflowB A lCLDEERIL
| \WiE D=0 IRE 7Ok Y R—|
®NetFlow, IPFIX, sFlow, SPAN/RSPAN
| OpenFlowXOVSDBIC & 2 EHEE
®Port bonding, LACP, tunneling (VXLAN, GRE, LISP)
| LinuxR—2DIRAR{E X FreeBSDTEIME
®Xen, XenServer, KVM, VirtualBox
| BT —27L—A0BiE
oLinux KernelZENY 757 —427L—>
ODPDKAR—ADT—2T7L—>
OFERAALYFI)AINR—ADNATLYF
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Open vSwitch (2/2)

EZiE

® http://openvswitch.org/slides/OpenStack-131107.pdf

[ OpenFlow controller I
a
/ N\ 4
[ OVSDB oVS-
server vswitchd
J L
Userspace

[ OVS kernel module ]

Kernel-space

OVSOhHiE Rk

Page 34

ovs-vswitchd ]

Userspace
nel-space

15t packet

OVS lkeimmermadule
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Lagopus® 5l &

lagopus

| AV Fa7CPU%EERY 3R IEREL/ 7 7 OpenFlow switch

®10Gbps wire-rate®/ gy NLIg

0100/A70-I/MADOHHERTEL7O-I/MNDIKA

01— —AN—AXRICLIERLEI AN
| SONDIRBNWADERZ2ERL =70k R—b

®data centerBA St DFEIEEA

®\WAN protocols®¥H—b (MPLS and PBB) Switch Agent o

®Intel DPDK ¥ b Pl = 3is

| #—MITAYAF LR RBLBERITOVSW T

Software dataplane Switch ASIC dataplane
packet processing framework switch ASIC HAL
| ( flow table
o ¢ i vendor ASIC SDK
VM l VM
om [ NFV group table
HyperVisor |
{ Ay Dl meter table itch ASIC
vSwitch UNF VA VMJ Ve e
lagopus o Y . 18 ] dispatcher flow lookup flow cache
HyperVisor Hy[.?ianr
itch 0pUS | m— — o high-performance /O library / OS
‘R e w; iy ot *909”5! vSwitc
S ; vSwitch
lagopus GW | CPE lagopus IF IF IF IF IF IF IF IF IF
lagopus
Data center Wide-area network Access network Intranet are Metal Server Bare Metal Switch
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Lagopusd 14 BE ST &

lagopus

| £

®Throughput: 10Gbps wire-rate HWAXRY Y

. Dual Intel E5-2660 (8
®Flow rules: 1M flow rules ) D‘SGF‘QB[‘SSOXO@;ZGB (8cores)

4000 flowmod add / sec « Intel X520-DA2

L2 switch performance (Mbps)

Throughput vs flows, 1518 bytes packet 10GbE x 2 (RFC2889 test)

10::—@—@—2:%
10000
9
N CQ{\ 9000
= 8000
z " N~ 7000 72
2 sm s 5000 256
£§ 40 <10kl owlules? 4000 w512
= 3 s<100klowtulest 3000 m 1024
20 -=-1MAlowRulesd ]2888 m 1280
10 0 m1518
o ‘ ‘ ‘ ‘ ‘ ! LINC OVS OVS Lagopus
1@ 108 1008 10008 100008 1000008 10000008 (netdev) (kemel)  (software)
flows[
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Ryu OpenFlow 1.3ALYFNDEEET AP (2014.10.16)

Type Action Set field Match Total
# of test scenario 54 159 714 291
(':;;;;’:;‘I’)’V' (3, 53) (0, 159) (108, 408) (114, 877)
Lagopus 56 150 714 15 30 976
2014.09.12 (3, 56) (0, 159) | (108, 606) (3, 12) (0, 30) (114, 862)
OVS (kernel) 34 96 534 6 0 670
2014.08.08 (3, 31) (0, 96) (108, 426) (3, 3) (0, 0) (114, 556)
IVS 17 46 323 1 0 387
2014.09.12 (3, 14) (0, 46) (108, 215) (0, 1) (0, 0) (111, 276)
ofswitch 50 100 577 15 26 768
2014.09.08 (3, 47) (0, 100) (108, 469) (3, 12) (0, 26) (114, 654)
LINC 24 68 428 3 4 527
2014.09.15 (3, 21) (0, 68) (108, 320) (3, 0) (0, 4) (114, 413)
Trema 50 159 708 15 34 966
2014.08.24 (3, 47) (0, 159) (108, 600) (3, 12) (0, 34) (114, 854)
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IN—=RI2 T T DOpenFlowARLYF

| XFEALEHS0penFlow 1.33EA 1Y FHER5E
OANERTEAL TL\BF V7 -l KWEER R REL OpenFlowDIEREISEBES
o ¥ L <& http://osrg.github.io/ryu/certification.html
c RMD77—LIIT7ICHLTOMBIERECITARM
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ALYFDFITLNERY IR {LDiTRN

| R1YFON—FITTF
® 1980F: CPUNE B
B4 TOREHETR
019905 X: hAZLFVT 25
@ 200054 R ARSI YF)a 88
OEMAV A THORIED E TR
020105 X: HRHAIYF)I 28
| /7hox7
® 19805 {X: HHOS
® 1990£E{%: ;ARAHOS (BSDR)NDFIH
® 2000£E4%: SARAOS (LinuxR)NE A
020105 IFEAELinux{b
| &8
®1980%{X: CLI
® 19905 {X: CLI ©
® 20005 4X: CLI ©©
@ 20105 {X: H—NnREBREBELY-NENEE
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What's white Box Switch

| SASwitch)a & ERLERATYF
®Broadcom Trident¥%
®Intel FM6000

| A1y FHlizAACPUTIE
®intel, ARM, Powerpc

| ODMAU S HRGE
®Quanta
®Accton
®Pica8
®Dell
® Advantech
®Penguin computing

j osizBHICEAS
® Cumulus Linux (Cumulus)
® Switch light OS (Bigswitch)
®PicaOS (Pica-8)
ng(e)genNetwork Linux (OSS)




Whitebox switchid&ECTE AR DD

| BERTRELEAFLEAN © webhSId ST TTHE
| OSIIRIEMALE

HOME  OPEN NETWORK SWITCHES =  CUMULUS LINUX ~ QUOTE REQUEST W &5 R Q B CART
L . K=y -

bm-switeh.com

£
o

%
"

Page 10f 1

Switches : n

10G Ethernet switches

Ay v o= ——

Edge-Core AS6701-32X with Cumulus OS
$8,995.00

Quanta T1048-LB9 Edge-Core AS5610-52X

$2,499.00 $5,595.00

I ore AS4600-54T
$2,499.00

QuantaMesh 3000 Series T3048-LY2

$5,595.00 Quanta T5032-LY8
$8,950.00
CONTACT INFORMATION PAYMENT METHODS USEFUL LINKS
: -
Edge-Core AS5710-54X
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Cumulus Linux

| Linux®F 1AM D & SICNetwork % 58 8
®Bridge®,|IPRIV/RZ{#ED/=VLAN, IPORE

# bridgeAMI2—7TANEM
cumulus@switch:~$ sudo brctl addbr my_bridge
cumulus@switch:~$ sudo brctl addif my_bridge swpl swp2 swp3 swp4

# vian 100E
cumulus@switch:~$ sudo ip link add link swpl name swp1.10 type vlan id 10
cumulus@switch:~$ sudo ip link add link swp2 name swp2.10 type vlan id 10

| B BRIV Eor—IE R

A9 A || Seolead
he vmwareNSsx puppet b
Ousgga Um H
5 Ganglia
n Chef
BIRD
openstack Engine Net
V

vV Vv V
Network H
Routing Suite
3rd Party Customer/ z
Apr;ﬁcations SWItCh D

VXLAN
Driver

USER SPACE

Routing Bridge Ethernet Switch
Table Table Interfaces Driver

-
I
4
o
w
x
x
=]
4
=1
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OF-DPA

| DCRIIFRT LRI ARL Y FRITDOpenFlow switch agent77—Ls
r717 OF-DPADIR{EEOpenFlowdFlow TableFH1

oL 1Y)y MDEZRZRU) ANI=Flow table
e®Broadcom TridentR_F V7 ZBEHU /=R TAIPR YV ARLYFISH T

®https://github.com/Broadcom-Switch/of-dpa

Unicast
Routing
4 Flow
/ Table
g S Ac | Act Apply Actions Packet |
VLAN Termination ,;::um(‘]y ;:‘:L | “i :(:n ARp ’P ):_ : i ..'
Flow | g MAC Flow - outing gy FOREY = PP Tunnel d Egress
v Flow Flow - edits | Pont
. Table Table e ‘ metadat
| ackes | s sl Tabe ot -
Ingress | Tunnelid | Port
Port Flow ’
v wtadata ’
j o Table \ | f
I Group Table Entnes
Bndging - S,
al  Flow | L2 In!v}hm,
Table L2 Multcast
L2 Flood
— L3 Interface
L3 Unicas!t
L3 Multicast
L3 ECMP
L2 Overtay Multicast
L2 Ovedlay Flood
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Wedge & FBOSS

| FacebookHEBTEIHARTYFN)IA/NR—ADTORDATYF
OTORALYFEHWE ) TMIIT DA BRI SA—T L& HEE
* OCPMO2YMNI—78RFIEL THHEE
oWedge: RAASYFN) A ERW=ZN—FIIT DTS 1
®FBOSS: A1 YFOS

« Switch ASICA®DThriftN—A®)
ML vzt

Wedge Hardware
Design

Chassis

Open Compute “Group Hug”
Micro Server

Configuration

Management e ~ 40Gb switching ASIC
Protocol Commercially available
Handling &
. Software Statistics Control Logic
Packages Sixteen 40Gb network ports
Monolithic EnVirO”mE”tal Thrift API Layer Dual power supplies
Switch Handling to Switch ASIC with AC and DC options
Fans
o “Group Hug” Switching
Microserver Module
— Hardware
. Modular
Enclosure Simple enclosure
optimized for eff;
EXISTING OCP STAGE | OCP STAGE Il

OOOOOOOOOO

Reference: https://code.facebook.com/posts/681382905244727/introducing-wedge-and-fboss-the-next-steps-toward-a-disaggregated-
network/
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Whitebox H AT YFOSDIERK

RRDALYFOS ERIAPIZEGA =T 11
(V—=ABHAT) (EBDIT—-Ixh OSSAALYFOS
DHOSSHL)
User-space User-space User-space

Open Switch HAL

Propriety SDK

Switch Driver

Propriety SDK

Kernel-space - Kernel-space -

Switch Driver

Open HAL

Kernel-space

Switch Driver

Controller
CPU Mem

Controller
CPU Mem

Controller

~PU Merm Switch Silicon

Switch Silicon

v
Switch Silicon
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