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< WANSs 1} SD-WAN2| Xxjo|H™

Hof ol ZAA|(Perimeter), Trusted Inside Zero Trust, F(E) 44|
Routing & SLA d M (Static) / Based on Link S (Dynamic) / Based on Apps
L2 H|X'd (Provisioning) TS X}S | Zero Touch
MH|AH|ZX} (Service Provider) A M8 HSA Any Provider
8 2T (Capacity Allocation) M(5k)++ol EtZ X (Elastic), On-Demand
HE MPLS MPLS, EPL, Internet, LTE, 5G
e 2z oj2 2oL
StE9 of Proprietary Commoditized (2EA2A 7|4h)
2HEE St 2+ X|AtOll A G| O] E{ MIE] = 22t E, BHIY 10T, 0l X|
a4 7|4k Hairpin through Data Center Direct User to Application
MElg 99.9% 99.999%
O Z2|#0]4 7IA|=} Probe & 31 Party Tools Built into SD-WAN Router

ZX: 2020 TechVision Research, (www.techvisionresearch.com ) Ethernet private line (EPL) JS Lab
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ZX: 2020 TechVision Research, (www.techvisionresearch.com ) JS Lab




. LE=42A SD-WAN
« SIEFO]

» ATZEQO]

JS Lab



. =42 SD-WAN

o QEALA SD-WAN 390

= EdgeCore
= Lanner

= Whitebox Solutions™

& QEAA SD-WAN 2 ZEQ|0f

= FlaxiwWAN
= WANOS

» Cloudify

= ONAP

= pfSense

= OPNsense
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< SD-WAN 2 ZEQ0| M| Z=AFC| Hardware Partner

= SILICOM
= LANNER
= ADVANTECH

e UuCPE with Intel® Atom™ Processor C3000

* Intel® Atom® C3000 System-on-Chip with
Intel® QuickAssist Technology at 10Gbps
and Intel® AES-NI and VT-d Support

e Supports SR-IOV on all ports by Intel SOC
integrated MAC and Intel i350 Ethernet
Controller

e Optional dual-SIM, 3G, 4G LTE module and
WiFi module

e Optional PoE+ kit to support up to two
25.5W ports

JS Lab
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o] EBIA J|¥t SD-WAN &} E 9]0

uCPE (universal CPE)
vCPE or virtualized CPE

Intel D-1500 Series SoC (Broadwell-DE 14nm)

Max 32GB DDR4 2133 MHz SODIMM

Ethernet-

1x GbE RJ-45/SFP Combo port WAN via 2x Intel 1210 Controllers
1x SFP+ 10 GbE via CPU Ethernet Controller

8 x GbE RJ45 LAN, thru MRVL 88E6190x supporting 4x POE PSE
2x mini PCl Express Expansion Slot

FIPS 140-2 Level 2 in Chassis

o HEHEHG e e

SAF41011

Storage-

1x M.2 SATA SSD

2x Hot-swappable 2.5"HDD/SSD
Advanced Technology

Intel QuickAssist Technology
Virtualization - VT-d, VT-x, SR-IOV
Security - H/WTPM 1.2, AES-NI
DPDK

JS Lab



. =22 SD-WAN

& SD-WAN S}EQ0] AZEQ 0| &3 MEfA =M

Lanner, Enea and Intel Showcase Firewall Protected
Open Source SD-WAN

https://www.enea.com/globalassets/downloads/nfv/the-ucpe-solutions-catalog.pdf

http://www.lannerinc.com/news-and-events/latest-news/lanner-enea-and-intel-showcase-firewall-protected-open-source-sd-wan JS Lab
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< Y ELA 7FASHNFV) 7|8 SD-WAN

Standard NVF Architecture (reproduced courtesy: ETSI)

0SS /BSS

Orchestrator
Service, VNF &

Infrastructure
Description

VNF
Managers

Virtual Compute Virtual Storage Virtual Network

Virtualization Layer

Virtualised
Hardware Resources Infrastructure

Computing Storage Network Mahager
Hardware Hardware Hardware

NFV Mgmt & Orch.

JS Lab
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< 7143 ESA 7|5 = 7|% SD-WAN +d

= X|¥ HYZE (Od]): uCPE (universal CPE)
v ALY SD-WAN SHES| O
v 24 Hstof M2 Ao a4
= S MH|A (0]]): vCPE or virtualized CPE
v XA SD-WAN SH=90f
v HO|HME HFE e

Customer Sites
=
g g W
-~

Customer Sites

vCPE Router

Ny
D

m VCPE Router Core Network @/ Core Network

1]

Core Network Servers
Core Network Servers
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& flexiWAN: SD-WAN 2EAA AITEQ 0]

M
o
=
OH

» E2IRE 7|8 SD-WAN HE

SHARED ENVIRONMENT

POPULAR

Registered flexiEdge Paid Monthly Paid Yearly
N (per instance per month) (per instance per month)
o o e e e o | —— e
H Upto3 Free Free
4-10 $40 $33
11-100 $30 $25
101 - 500 $25 $21
501 - 1,000 $20 $17
1,001 - 5,000 $12 $10
+5,000 Contact Us Contact Us
TS
{ . 4

XX https://flexiwan.com/

JS Lab
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& flexiWAN: SD-WAN LEAA ATZEQO

= HISIEH WAN X|M2}, Sd/214 x|™2L DPI 2| M3
= As a Service Cloud Providers

= 7I"E AHALEOOIE

( fleleanage ‘

Database Analyucs DB
’,—" - - ‘~\
4

/ flexiEdge

!
I
I
I QP flexiwAN Agent

@
| i & HTTPS
Admin Secure
AP
! WAN
External
network
L ]
Internal u fl
Network ex I WAN
1 b
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ZAA ATEZQ O]

<+ WANOS: SD-WAN 2

= WAN Optimization: Y E¥{3 CHHZ ALEH| Za2t O SE[AH|0] M 7t=5

= VMware S}0|IjH}O|X 7|8t 7|5 M-S

v' The OVA Image on VMware systems.
v' ESXi 5.1-5.5, Fusion 5-6, Workstation 9-10

lg)l=lE] %

L

= v3.0.4 64-bit Express 1/10 | Sat Jun 4 18:28:38 2016 & Settings v
o .
c
@ Network
Applicat % of LAN LAN MB Reduction WAN MB % of WAN
] A 67.2 8813 —— 3616 759
] crosoft-d 251 3287 —— i —] 72.4 152
pop3 59 77.0 — i 315 6.6
http-ale 08 10.3 ——— i ). 01
| | https 0.4 4.8 — 33 0.7

OTHER RELEASES
Update v.4.2.9 Prod

Update v.5.1.0 Beta

Free Express v.3.2.3

Linux Container LXD

MINIMUM REQUIREMENTS
2 GB Memory

64 GB Storage

1-2 Ethernet Interfaces

2 CPU Threads

RECOMMENDED

4 GB Memory

64 GB SSD

2 Ethernet Bypass Interfaces

4 CPU Threads

*tX: http://wanos.co/wan-optimization/download/

JS Lab
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% Cloudify

vCPE /SD-WAN

GUI
Rgs:rﬁ.m
I" ___________________________________________________ N
|
: vCPE [ SD-WAM MAMAGER |
|
1
! FRChE 0 | =] :
|
T &{I N~
s |
: . :”E-H. : - I
I Y |
|
| LY NAMIL POLICIES: POLICIES: |
TORING AND
: BLUEPRINT DAY 0— DAY 2 HEALING AND e E:ISNLI& i
| COMPOSITION CONFIGURATIONS SCALING :
i T P e R - S S s e e e
\ RESTAPI

‘ OPEN SOURCE
' ORCHESTRATOR

https://www.sdxcentral.com/networking/sd-wan/definitions/sd-wan-open-source/ JS Lab
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% Cloudify

Qur Vision, Your Future

&P

CLOUDIFY
VNF Mgmt

I |

Client Mgmt Port 208.88.20.86 208.88.20.87 Mgmt Port Data Server
Kontron ME-1100 (public) (public) Kontron ME-1100
> | ¢ dranch O = € s € —
BO LAN & z & z DC LAN '
¢ =
z 3 z 2 —
- = = = > ~

192.36.1.84 192.36.1.83

+ Cloudify Manager to configure 128T routers through the Cloudify's external interface plugins on Kontron ME-1100 uCPE Systems
+ Cloudify blueprints to configure device/network interfaces, routing instance and service on Branch Office and Data Center Routers

https://cloudify.co/blog/open-source-sdwan/ JS Lab




. =42 SD-WAN

< ONAP: Open Networking Automation Platform

= SD-WAN Use Case

Architecture
1. Basic Use Case: Aosl_s‘r;_sosns
. 7TP gpRiIcall Next Sub-Use Cases:
* VPN connectivity over WAN1 interfaces 2. Act!ve/Sta.ndby
(Edge1-VL-Edge2) 3. Active/Active
SD-WAN Orchestrator 4, Star Topology
5. Full-Mesh Topology
6. On-Site SFC: FW and NAT
7. On-Cloud SFC: DPI and Application-aware routing
SD-WAN Controller 8. WAN Optimization
WAN 1 ISP1 WAN1 | =
- !
vBG
- e e,
?

SD-WAN Edge 1 ZTP - Zero Touch Provisioning
ISP - Internet Service Provider

vBG - virtual Businness Gateway, BBF WT-328pBG - phisycal Businness Gateway, BBF WT-328
SFC - Service Function Chaining

& https://wiki.onap.org/pages/viewpage.action?pageld=11929755 JS Lab
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< ONAP R2: Open Networking Automation Platform
= SD-WAN Use Case

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

ZTP Server

I

]

:

I

¢ Manufacturer
: Redirect Server
I

]

]

]

]

]

Specified
Bootstrap Server

OSS/BSS
Applications

SD-WAN Controller

Initial Boot-Up Sequence for ZTP Flow
SD-WAN Management
NFVIInfrastructure Management

ZTP Infrastructure Service Bring up

v

WAN1
.

vBG

ISP1 WAN1 ® pBG

SD-WAN Edgel

— =

SD-WAN Edge2

EHZ=: https://wiki.onap.org/pages/viewpage.action?pageld=11929755

JS Lab



. =42 SD-WAN

% 7|98 sD-WAN
= SD-WAN Use Case

sification & Queurg
=

. e
1040 | GoodQualey | - .

E s Wi
FAnE T
$ e n” »

Poore ol

20-28 |

https://blog.tmcnet.com/blog/rich-tehrani/technology/teloip-brings-sd-wan-to-companies-of-all-sizes.html

JS Lab
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ZX: https://www.netmanias.com/ko/post/blog/13860/gigabit-internet-kt-sk-telecom/10g-internet-in-korea
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om | OOk

< AWS2l Azurel| 0| X| EFM2| 5G S LA HASIH 7| Ao HX|
B Microsoft Azure - Edge

B Amazon AWS Outpost > Wavelength

VMware SD-WAN

Orchestrator Azure Edge Zones with
Carriers
K B
-5 . vMwaresDwan  afl
= a

Microsoft Azure Edge -~ J

FAR  SD-\WAN Fabric

/=
41

\
- VMware SD-WAN \\
,(/Mware SD-WAN b Gateway v
]
= Mlcrosoft i Y
f‘ 1 " :
B Azure @“ !
< A [
([ ==
]
- 'VMware SD-WAN
o . Edge VNF
D B -
‘

Amazon AWS Outpost > Wavelength e W )

Azure Private
Edge Zones

\'/;G

VMware SD-WAN
Edge VNF

StlAl 56 Y e

GIO|E HIE OHEEIHIOV* H
(AWS Outpost 2 X|)
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& FMU°| 56 Mg 12 / mmWave FWA (Fixed Wireless Access)
Last Mile
Twisted Pair
DSL
==
Coax Fiber
Cable 3 Q
Fiber Fiber
FTTH %
Optical Splitter

G.F A ST Twisted Pair .
==

-

FWA g |
- = mmWave

|

e

G.FAST Distribution Unit

5G Access Unit

DSLAM

CMTS

OoLT

Central Unit

ZX: Case study: Orange Romania, Samsung

JS Lab
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ZX: https://lwww.e4ds.com/sub_view.asp?ch=16&t=0&idx=11618
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S QE 7|4t 2M 51EQ| 0] EHH|

> QEAA MG

T 0§ 2|2 E (Shopping List):

« USRP B200-mini ($500) - up to 50 MHz BW

« custom 20 dBm PA/LNA/Switch ($300) - band 38, 42/43, n38/n77-78
 Upboard/Upboard2 (low-end $90 PC)

» GbE fronthaul POE+

* Antenna

» optional GPSDO

|

10 MHz ref

Z£X: Red Hat

Antenna % | "
- F

JS Lab
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<+ ONAP: SD-WAN over 5G Use Case (El Alto)
< Open Networking Automation Platform

Vi

3 {open}:apis

API Abstraction APl

{REST:API}

E2E
Service Orchestrator

©ONAP]

/|

@ {open}:apis & python

Network Service
Orchestrator

<

Domain Orchestrator | ‘i

SDN
Controller

& Branch
office D @D C -

= > o \LJ
/

mf

éa

t

EtZ=: https://wiki.onap.org/pages/viewpage.action?pageld=45308097
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s SD-WAN is sometimes viewed as a catch-all marketing term for next-gen
enterprise edge solutions ( www.sdxcentral.com SDxCentral, 2019)
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