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CTPATEIMNA NOCTPOEHNA LOA

OTKPbITAA NMPOCTAA NMPOrPAMMMUPYEMAA
® HecKO/bKO apXUTEKTYP = Plug & play = [lonHbIN Habop API
= ABTOMaTM4yeckoe = (QOcHoBaHa Ha Linux

® OTKpbITble NPOTOKO/Ibl
= YcTaHOBKa cobcTBeHHoro MO pa3BepTbiBaHUE
= AHanuTuKa

=  CTPYKTYpPUPOBAHHbIE AaHHblEe
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APXUTEKTYPA ®ABPUK KOMMYTALUU LOA

IP FABRIC

Traditional IT

okTs6pb 2017

SaaS / Telco

EVPN-VXLAN FABRIC

.‘«
\

Cloud / Hosting

ETHERNET FABRIC
Junos Fusion unun VCF

LTSN\

S [2/13 e—

Enterprise ITaaS
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OBEPNEW: MPEMMYLLECTBO NMPUMEHEHUA

Ilornyeckas Tononorus He ceA3aHa ¢ usmdeckon (underlay)

Layer 3 IP Fabric + EVPN-VXLAN overlay
oo P00 eSO |
R RARARSE TRARLR TR RD
| | | | App 1
H B || || | App 2
| HE B | HE | App 3
| || B Apps
| | App 5
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VXLAN TpaHcnopTt

(g}

OUTER | OUTER | OUTER | VXIAN Orininal L2 Frame
MAC 1P UDP | Header g q

43 [RESAC 4, [P HOR 16 [ SOURCE
s |semac | pear| L waan | -
32 VLAN uDP PL?:F;I'
(OPTIONAL) 16 K 6 RESERVED 24 L. .
« [ - ; e W | ,. ° Largely, itis atransport tunnel alternative for MPLS
i e ReseRvED | 3 LSPs or GRE tunnels

« Can be used as a generic tunnel underlay for various
applications (L2VPN/L3VPN/other MPLS
applications)

Different from ‘regular’ VXLAN where the goal is L2
Virtualization and BUM traffic handling.

VNID is equivalent to MPLS label in transport.

VXLAN Tunnel Endpoints (VTEP) on Enterprises’ WAN
PEs
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VXLAN TpaHcnopTt

VXLAN in the Data Center
’ D)\C * TOR/Access/Spine layers of DCs have very limited capabilities
VXLAN * MPLS-phobia inside DCs: Cost and (perceived) complexity

* Flat IP fabric based DCs
Limited * Originated in DCs but gaining momentum in SD WAN
capability chips

Extending VPNs over vanilla IP OoTT

VXLAN in the WAN
e Over The Top (OTT) L2VPN and L3VPN VXLAN ‘ ™

connectivity using IP transport

NO MPLS /
* VXLAN extends L2/L3 reach over IP WAN Pocket. IP WM
* Cost optimization MPLS

NAN

* Better than GRE; Entropy friendly
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PEAJTIM3ALIN VXLAN
 Multicast VXLAN

Dataplane learning

 Unicast VXLAN

Static Control plane (To4ykn TepMuHauum 3agaHbl CTaTUHECKN)

« OVSDB/VXLAN
Controller: Contrail/\VMware NSX

« EVPN-VXLAN
BGP based Control plane
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VMware NSX

VMware NSX [ SDN Controller

—

VMware vSwitch [
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OpenContrail + Openstack

OpenStack

OpenContrail Controller [ SDN Controller (C3) OPENCONTRAIL

Router Sitch
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EVPN: Network only

M se=w 00
VM VM BGP Route- Reflector VM VM

IP or MPLS Fabric
Underlay
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EVPN npeumyuiecTtsa

¢ deKTUBHOCTH KonBeprenuust
Hcnonp3oBaHue BceX KaHAIOB TS BbIcoKHii YPOBEHB JIOCTYITHOCTH, . Ontumu3anus BXOASIIETO U
o Wnrerpauns L2 u L3 yposHeli B
nepenaun Tpaduka ¢ BCTPOCHHOM ObICTpast CXOJUMOCTD U HCXOJIIETO TpadHKa IPU MUTPALUT
. TIPOTOKOJT YIIPABICHUS
3amuToit ot L2 nerens nepeMapIny TH3aLust P yip BUPTYaJIbHBIX MAlIUH

\ \ 7

"~

o . Ny
\/

MPLS /1P

% ~____

D A; DC Fabric DC Gateway DC Gateway DC Fabric ;‘D
*

‘e Virtual Machine Mobility

L ]
....IIIIllIIIIllIIIIllIIIIllIIIIllIIIIllIIIIIIIIIIIIIIIIIIIIIIIIII--

.
““
-
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EVPN : BapuaHTtbl ncnons3osaHus

L2 Service L3 Service

§ _| MPLS service label JALS service > % EVPN Control Plane $-|§E
% <ZE e e R e label advertised > % Multiple Data Planes 3 %ﬁ

= =1 | for subnets

3 = ELINE, ELAN, ETREE. | L2/L3 Service — —

% MEF 2.0 compliant | Integration

BE/Metro Services

L2 Service L3 Service g = L2 Service L3 Service
.g lf;\ VNIDs advertised VNID advertised = g MPLS service label
o S~ = .
8 5 for MACs for subnets > o advertised for B- No support
®© (5| L2 stretch between Inter-subnet traffic % 8_ MACs
E e VMs over IP Integration in DC, '-'I-' 2 C-MACs learned in
— OTT L2VPN OTT L3VPN with m © data plane

EVPN 2= ELAN, ETREE

oKTSIGpb 2017 Juneer S



TepmuHonorna EVPN

Provider Edge (PE) Provider Core (P)

Leaf Switch ) .
Customer Edge (CE) Spine Switch
Host | |
I | MPLSLSP
! . VTEP . HITH
| VXLAN Tunnel Endpoint I VXLAN Tunnel
/7 v |
3" % v $
]
MP-IBGP ceccus ]

» = EVPN Instance (EVI) = Virtual Switch

Bridge Domain (BD) = VLAN
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Ethernet Segment

Leaf Switch /PE  Ethernet LAG
Jeoegment

&P

Leaf Switch / PE = .

Segment

okTs6pb 2017

Ethernet Segment (ES)
* Habop xaHaJIOB K OTHOMY CaTy (XOCTY)
 Kananbr MmoryT ObITh Kak Single-Active mmm All-Active

Ethernet Segment Identifier (ESI)

* 10 Gaut (mampumep: 00:11:22:33:44:55:66:77:88:99)

» HyneBoe 3HaueHHE 03HAYAET TOJIBKO OJHO
HOAKIIIOUEHHE

* MoxxeT ObITh CKOH(HUTYPHPOBAH BPYYHYIO

* MosxeT ObITh Ha3HAUY€H aBTOMAaTHYECKH

Junper .



Tunel mapwpyTtoB NLRI ana EVPN

Route Type Description Usage Standard

Ethernet Auto- PE Discovery and RFC 7432
Discovery Mass Withdraw

MAC Advertisement MAC Advertisement RFC 7432
Multicast Route BUM Flooding RFC 7432

Ethernet Segment  ES Discovery and DF RFC 7432
Route Election

IP Prefix Route IP Route draft-rabadan-l2vpn-
Advertisement evpn-prefix-
advertisement

okTs6pb 2017 Juniper



JlokanbHbIM NpoLuecc mac learning

O6s3aTeabHO: KoMMyTaTop oOyuyaeTcs MAC
4  aapecy XocTa OTCICKHBAHUEM a/[peca HCTOUHHKA
'l (source address) kaxoro ethernet ppeiima
!

,' OnumonaabHO: KoMMyTarop usydaet [P aagpec
" xocta orcaexuBanneM DHCP nin ARP
] COOOIIIEHNUI
;A
] /
!,

%l Xoct

" DHCP Discover

A 4

DHCP Offer

P

" DHCP Request

A 4

DHCP Ack

oKTSIGpL 2017 Juneer S




YaaneHHbIU npouecc mac learning

« MAC /IP advertisement (type 2) routes

|
PR V1. X : . AL
Route type MAC / IP Advertisement Route (Type 2)
Route Distinguisher (RD) RD of red EVI on leaf switch L2
Ethernet Segment Identifier (ESI) 0 (single homed host)
NLRI Ethernet Tag ID Global VXL AN VNID of bridge domain
MAC Address MAC address of host H2 (5:5:5:5:5:1)
IP Address IP address of host H2 (10.10.10.22)
MPLS label 1 + MPLS label 2 VNID
Next-hop Loopback IP address of L2 (4.4.4.4)
Extended Community Route-targets (Red)

Other attributes (Origin, AS-Path, Local-Pref, ...)
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VM Mobility

Murpatiyst mac-aapecoB BUPTYaAJIbHBIX MaIlIMH

FE R RS It E F =22 R z =2 L HHHR F === E: HHH ] P RAF SRR oIt

PEI /ﬂlEz PE Leaf
M vm YM VM V_M‘ VM
= =
[unepBru3op ['unepsuzop

MAC, anoncupyewmslit PE2, nepemernaercs 3a PE3.
PE3 anoncupyer 3ror MAC ¢ HOBBIM TTOPSITKOBBIM HOMEpoM B ext. Community (seq#)
Mapmpyt MAC o6HoBIsieTcst Ha Bcex PE, ipu aTom PE2 crapyro 3anuce ynanser

OKTGpb 2017 Juneer S




Inclusive multicast (type 3) routes

{$

Ingress Replication

Hcrounuk _?

¥ \\
it &
L) l’l“
\ Vs

NS oo

O\ D

Route type Inclusive Multicast Ethernet Tag Route (Type 3)
Route Distinguisher (RD)
NLRI
Ethernet Tag ID 0
Originator [P Address
Flags 0 (No leaf information required)
Tunnel Type Ingress replication, PIM-SSM, PIM-SM, BIDIR-PIM, ...
Provider Multicast Service Interface (PMSI)
Tunnel MPLS Label 0 (Not used)
Multicast Group I[P Address

Uit Vg mitian Sender IP Address

Extended Communities Route-Targets

Other attributes (Origin, Next-Hop, AS-Path, Local-Pref,
)
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Split Horizon

Hcrounux .
N3 noxansnoit CE:

*B nokansnsie CE B Tom k¢ VLAN
w  Uckmouas CE, n3 KOTOpOW NMPUHAT MAKET

*K ynanennsim PE B Tom k¢ VLAN

Ot ynanennoui PE:

*K nokamnmenO# CE B TOM XK€
VLAN
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Multi-home All-active

Spine
MP-BGP

Leaf

*  YCTpPOWCTBO IOCTyNa MOJIKIOYAECTCA CTAHAAPTHON arperanueid KaHaJi0B
(LAG)

* IIpumensiercs BbIICIEHHOE YCTPOUCTBO KOMMYTALIMH JJIsl YCTPAHEHUS
ayoanpoBanuss BUM tpaduka

T'unepsuzop

* Bce ycTpolicTBa KOMMYTalliK UCIIONB3YIOTCSA B AKTHBHOM peKuMe 0e3
npumenenuss MC-LAG
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MAC / IP Advertisement (Type 2) Routes

Route type MAC / IP Advertisement Route (Type 2)
Route Distinguisher (RD)
Ethernet Segment Identifier (ESI) O:L:l:l:l:lelel:1:1
NLRI Ethernet Tag ID VNID
MAC Address MAC address of host H2 (5:5:5:5:5:1)
IP Address IP address of host H2 (10.10.10.22)
MPLS label 1 + MPLS label 2 VNID
Next-hop Loopback of LS2

Other attributes (Origin, AS-Path, Local-Pref, ...)

.------------------------q

H Leaf | H
Switch
MP- IBG LSZ -
MP- IBGP
l LSl LAG
7 10.10.10222

--------------------------‘ 0Ll 1:1:1:1

Ethernet Auto-Discovery (Type 1) Route | == === s=ssssssssssssssssnnsnnnnnnns
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Ethernet Auto-discovery (Type 1) Routes

e s Ethernet segment (ES): MHOrokaHaabHOCTB U OBICTpasi CXOAUMOCTh

Route type Ethernet Auto-Discovery Route (Type 1)

Route Distinguisher (RD) RD of EVI on leaf switch LS2 (contains IP of LS2)
NLRI Ethernet Segment ID (ESI) O BB EBIBEIE

Ethernet Tag ID MAX-ET

MPLS label 0

ESI Label Extended Community:
Extended communities «  Single-Active Flag = false (0)
*  ESILabel =null

Next-hop Loopback IP address of LS2
Other attributes (Origin, AS-Path, Local-Pref, ...)

(s s e En E En E ED ED D D D GD GD GD GD G G ED ED GD G» > > ey

]
= beat ! % $ : :
Switch I b

MP-IBGP LS2
| Lsl MP-IBGP 1S3
]
] ESI
.------------------------q 0:1:1:1:1:1:1:1:1:1

Ethernet Auto-Discovery (Type 1) Route
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bbicTpasa cxoauMOCTb
MAC Mass Withdrawal

Leaf

* PE ynanser AD mapupyTt 15 HencnpaBHoro ESI

TnepeH30p * Ocranbubie PE ynanstor next-hop Heucnpasnoit PE s Bcex
MAC/IP anpecoB, noay4eHHbIX 17151 JaHHOro ESI
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Designated forwarder

 Jlns nepenaum broadcast, unknown unicast, multicast (BUM) tpaduka

Designated Forwarder
s Blue VLAN
UcTtounux ?

Hnniaum

Designated Forwarder
it Red VLAN

oKTSIGpL 2017 Juneer S




Ethernet Segment (Type 4) Routes

* HeoOxonum a5 BeiOOpa designated forwarder

Designated Forwarder Table nust EST 0:1:1:1:1:1:1:1:1:1

Originators (Sorted by IP address) | Designated Forwarder for VLANS...

LS1 (1.1.1.1) 0,2,4,6,...,4094
LS2 (2.2.2.2) 1,3,5,7,...,4095

Ethernet Segment Route (Type 4) for ESI from originator LS2

Route type Ethernet Segment Route (Type 4)
Route Distinguisher (RD)

N S et (1330 0:1:1:1:1:1:1:1:1:1 Lsy  OBEEERLELD
Originator IP Address IP address of LS2 2222

Extended communities ES-Import Route Target

Other attributes
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banaHcmpoBka Harpysku

okTs6pb 2017

VM vMm

-
—_—
-—

I'unepsusop

I'unepsusop

Anoncupyembii MAC anpec ¢ PE1 moxet ObITh focTrkum yepe3 PE1 u PE2 B ogHom
cermente ESI

VYnanennsie PE ycTpoiicTBa MoryT OanancupoBarh Tpapuk mexay PE, kotopsie
AHOHCUPYIOT OJIMHAKOBBIN uaeHTudukarop ESI
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Aliasing

1. PE1 momyuaet Ethernet Auto-Discovery (type 1) mapumpyt ot PE2 u PE3

2. PE1 momygaer MAC/IP Advertisement (type 2) mapmpyT Toabko ot PE2
— PE1 mpoundopmuposan, B kakoM ESI maxoautcst xoct H2
— PE1 mpounrdopmupoBan, uto 3tot ESI noctynen gepe3 PE2 u PE3

3. PE1 moxer 6anancupoBath Tpaduk (ECMP ) x xocty H2 uepes nsa LSP x PE2 u
PE3

Ethernet Auto-Discovery (Type 1) Route mst ESI @
O:1:1:1:1:1:1:1: 101

MAC / IP Advertisement (Type 2) Route ans xocra H2 8 ESI 0:1:1:1:1:1:1:1:1:1 (2)

! P-IBGP_ PE3

Icsers s e ev ev e e o oo oo a» «» o - e e en e an e an e o

MAC / IP Advertisement (Type 2) Route mist xocra H2 @

oKTSIGpL 2017 Juneer S




Ethernet Auto-discovery (Type 1) Routes

 mist EVPN Instance (EVI): 6anancupoBka Harpy3ku — aliasing

Route type Ethernet Auto-Discovery Route (Type 1)
Route Distinguisher (RD) =
NLRI Ethernet Segment ID (ESI) O:1:1:1:1:1:1:1:1:1
Ethernet Tag ID VNID
MPLS label 0
Next-hop Loopback IP address of LS2

Other attributes (Origin, AS-Path, Local-Pref, ...)

|

0

0 ESI

(ED G GO GO G GO GD GD G GD GD GD G GD GD GD G Gb Gb Gb G G G G q 01:11:11:11:11

Ethernet Auto-Discovery (Type 1) Route

oKTSIGpL 2017 Juneer S







EVPN: dpyHkUumMoHanbHOCTL L3 wWto3a

e VYcranoBka IRB unTepdeiica g kaxaoro bridge domain Heooxoauma Jjis:
* obecneuenus L3 cBsa3HOCTH
* onTuMaidbHOU mepenaun Tpaduka Mmexay VLAN B BHYTpH B MEXKIY daTa-IEHTPAMHA

* Cunxponuzanuss MAC/IP xocta
e mapupytuzarop uzyyaer ARP coobmenus st cocraBnenus Tadnuisl coorBerctBuss MAC u [P xocta
* anoucupyet IP agpec BuyTpu MAC mapuipyra

* Cunxponuzamuss MAC/IP nuito3a mo-yMoa4aHuUIo
* IRB IP agpec xondurypupyercs kak «default gateway» mis EVI
*  EVPN PE anoncupytot Bce nokansusie MAC u [P qyis IRB untepdeticos, mpomapkupoBanusie default gw
community (HacTpanBaeMbIi PEKHIM)
e Jlnsa omaoro VLAN MokeT ObITh HECKOJIBKO IIITI030B MO-yMoiyanuio ¢ onuHakoBbiIM MAC u IP anpecom anycast
*  PE mapmpyTusupyrot nakeTsl, KoTopbie ObutH HampanieHbl Ha MAC nuto3a
*  PE oGecneunBarotr Proxy ARP mns [P nutro3a u HanpaBnstot otBeT ¢ nonyueHHsIM MAC agpecom
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Ontmnzaumsa Tpadgpuka Inter VLAN
e

&
AR A
/%_@ PR
. .9 & 9

LAN 10 LAN 10
ERl KX K X EXl KX K KXl
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OnTnmMmmsaumsa ncxoasilero Tpaduka

3aiaya: obecneunTs ONTUMANIBHBIN YT OT cepBepa 3 K cepeepy |

0100, T
[20.20.20.100]

VLANh

Data Center 1 / . Q .
L

\

\

Data Center 2

Data Center 3
% BCeraa 6y,ueT B JIOKAJIbBHOM JaTa-uCHTPEC.
Active [.1] Active [.1] Active [.1] B Active [.1]
I I I I g
VLAN 10 Server 2 VLAN 10 Server 3
[10.10.10.100/24] [.100] [10.10.10.100/24] [.200]
okTs6pb 2017

Pernrenne

Buptyanuszanust v pacnpocTpaHeHHe
Default gateway Ha Bce MapmpyTH3aTOPHI,
obcmyxuBatomme VLAN tpadux

Ncxomstiimmii TpaduK MOKET OBITH
HarnpasJeH JUIs 1000 MapiipyTu3aTop Ass
VLAN 10. IIpu 3TomM MapiipyTu3anus

Junper .



OnTmMmmnsaumsa BxoasaLlero Tpaduvka

Data Center 1 Router, Routing Table

20.20.20.100
| ] \ 10.10.10/24 5 Data Center 2 Perrenne
VLAN 20

10.10.10/24 10 Data Center 3

10.10.10.100/32 5 Data Center 2 B AOIIOIHCHHUH K MapIpr’Ty CCTH

\ =\ 10.10.10.200/32 5 Data Center 3 10.10.10.0/24 maprupytusarop
Data Center 1 i o\ OTIIPABUTENS 00JIAAET

“\

( creuupUUHbIM MapupyTom /32 10
‘ Core Network j
KOHEYHOI'O XOCTa.

)
N ‘42/14’ /
‘\ Data Center 3 Bxozmsmmii Tpaduk K cepsepy 3

\\
\\
~

_—

Data Center 2

OyJeT HallpaBJIeH HAMPAMYIO Yepe3
WAN ot DC 1 k DC3.
Active [.1] I I Active [.1] Active [.1] I I Active [.1]
VLAN 10 Server 2 VLAN 10 Server 3

[10.10.10.100/24] [.100] [10.10.10.100/24] [.200]
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Proxy ARP

ﬂmnmwmm = FFRHFTFFARFERATRR 222 FRFFHIFFFRARERARR 222 FRFRAFRARRERR 221
PEI PE2 Lt
@ e s @, | o] |
=
I'unepsusop I'unepsuzop

* PE2 o6mamaer ARP 3amucamu MAC/IP.
* PE2 nerextupyer ARP 3anpoc s nuiro3a mo-yMoa4aHU0 U HallPSIMYEO
dbopmupyetr ARP oTBeT 11j11 CBOMX MHUPOB.
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DCI with Route Type 5

 When to use Route Type 5 for DCI
* No L2 stretch required between DCs
* MACs belonging to a DC customer can be summarized by an IP prefix
» End to end unified EVPN Solution. Use EVPN for the DC as well as DCI

— |EFT Information

+ draft-rabadan-l12vpn-evpn-prefix-advertisement
*  We implement Section 5.4 of the above draft and are fully compliant with it.
* RLI 25985 (Planned for 16.2R1)
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Route Type 5 : Gateway Address Model

Route Type 5, IP : 10.1/16 Route Type 5, IP : 20.1/16

Interconnect Bridge Domain (BD) Interconnect Bridge Domain (BD)
VNI 1000 Route Type 2 VNI 1000
IRB:1.1.1.1/32 P:H.H?gﬁ , ) IRB:1.1.1.2/32
MAC : 11:11:11:11:11:11 MAC : 11:11:11:11:411:11 MAC : 22:22:22:22:22:22

IPVPN IPVPN IPVPN

Tenant 2

Tenant 1 Tenant 2

D)C)/

Possible options:
1 - BGP Session — IP VPN
2 -EVPN with IRB

Tenant 1 Tenant 2

Tenant 1 Tenant 2

10.1/16 20.1/16 30.1/16 40.1/16
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Route Type 5 : Supportability Matrix

Chip Set VXLAN Routing General Route Type 5
Support support

QFX5100 Trident 2 Hardware limitation

QFX5110 Trident 2+ Yes 17.3R1
QFX5200 Tomahawk  Hardware limitation No
QFX10002 Q5 Yes 15.1X53-D30
QFX10008/16 Q5 Yes 16.2

MX Series Trio Yes 17.1R1
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DESIGN GUIDES

» Software as a Service

https://www.juniper.net/techpubs/en US/release-independent/solutions/information-
products/pathway-pages/sg-001-software-as-a-service.pdf

Infrastructure as a Service: Contrail and OVSDB

http://www.juniper.net/techpubs/en US/release-independent/solutions/information-
products/pathway-pages/sg-002-infrastructure-as-a-service.pdf

Infrastructure as a Service: EVPN and VXLAN

http://www.juniper.net/techpubs/en US/release-independent/solutions/information-
products/pathway-pages/sg-003-evpn-vxlan.pdf

» Improve Data Center Interconnect, L2 Services
with Juniper’'s EVPN

https://www.juniper.net/assets/us/en/local/pdf/whitepapers/2000596-en.pdf

« Juniper Networks EVPN Implementation for
Next-Generation Data Center Architectures

https://www.juniper.net/assets/us/en/local/pdf/whitepapers/2000606-en.pdf
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