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AT&T keynOte at Open Network Summit

‘By 2020, we plan to virtualize and
control over 75 percent of our
network using this new software-
defined architecture to meet the

growing demands of data and
video-hungry users.”

John Donovan, CEO — AT&T Communications



Network Demand

More than

150,000% C

mobile traffic growth since 2007

114 130M
petabytes ———1 hours of HD video
peraday perday

Gartner believes

6.4B (¢

connected things will be in use

worldwide this year, which is /é\
up 30% from 2015

60%

of traffic is video

vj\ 2 O 5 O B
connected devices
by 2020
We connect more than
26M

Internet of Things devices



Traditional Network Device

Junper (1

» closed & complex vendor specific architecture
: * expensive network operation < arar



Router Architecture

Adjacent Router Router

Management plane
Configuration / CLI / GUI

\ 4
Neighbor Link state
table database

IP routing table




Software Defined Network (SDN) concepts

Application Plane

API | I

Control Plane

Smart Controller

] I apr |

Data Plane

! !

Fast Switches

* Open

« Simple
« Scalable
« Secure

« Agile

* More Reliable
» Flexible

« Cost effective
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transform Closed architecture ...

« independent, distributed systems and applications
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... Into SDN

Application Layer

Business APP Business APP Business APP e network

I I APls I users
Control Layer

I Open protocol I I
Infrastructure Layer l

“whitebox switch”



OpenFlow

Flow Table entries

C’(Open Flow
F

O

, |State Info

“whitebox switch”

Flow Table Entry

|

4 counters

1. forward frame to port
2. send to controller

3. process
4.drop

g POt | Ethernet [P [ transport
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Network Functions

Router

Switch Session Border Controller CDN
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Network Functions

NI
CISCO. Juniper

riverbed




Virtualization concepts

HW vs. SW virtualization in commodity HW cloud vs. premise based

@ {L}SW {i}sw {i}sw B

AT&T Integrated cloud
@ . VM VM VM AIC

( E
D — AT&T FlexWare device
SVV% —

x86 server

L J
\\3, AT&T



NFV - Network Functions Virtualization

download App from App store download VNF from Catalogue on Demand
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FlexWare AIC

Smartphone
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NFV at AT&T

vendors

T
CISCO.
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VRouter AT&T Integrated

VFW Cloud

VWANX —=D —=>
vWLC

VHNF IE

vDNS

V..... AT&T FlexWare

device

AT&T Services
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AT&T FlexWare
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AT&T FlexWare device




AT&T FlexWare device architecture

Customer Software Layer

VRouter

Platform Software Layer

PnP : .
Client Linux/ KVM/Orchestration APIs
Software Switch
DDR X86 CPU
1
GigE Chipset (SR-IOV)
-—

L2/L2 HW Switch ChipSet |sATA
( Merchant Silicon Ex (c602) SSD

e.g. Broadcom)

8x 1GE LAN Ports =

LTE 2x USB Ports — AT&T

2 Fiber/Copper WAN Ports



3 ©®---f-----—----1- ;
: NV QINVIA m
—~ I £
Q ] S i
3 TNV O o
C : - 2 1
— E g !
> :_ ¢ z !
) P2 INVM N
HEN T + [ I N ——— P T
. ®) i > i 3 8NV1
Q =i |3
- m LNV
(O m
= |
x : m 9NV
@ si s c |
1 (o) !
_ _ RLEELD [ L B N TEEN O
: ! 2 | SNV
T : | M !
\Ill.qll ~ N m m
T S B W g s ) YNV
A NV Z
S R . » L s e i
Q ¢ 3 Z ENV
d : = dINVIA
< : -
i : . 15
N i Eed R e e A
n - = = . CNV1
B =z > E
o m— P a .
N—r &5 e B R ;
- °
o T
- = =)
(] = = .
) =2 =
C PRI — EIRENEY
© mmm— m TNVM < H > 1 0
=2 ! L
|||||| o ! = []
1] [~ 3
[T » [ 1= o
C AR
o mmm—— m % =
' N (%]
PO ©
" [-%
H
1
1o ~
[ =2
1< <
P= =
T
L

PREMISESROUTER

Service Cha




YANG + NetConf (configuration of NFV)

container interfaces {
list interface {
: : key name;
Application Loy e I
Layer type string;
‘ }
leaf oper-state {
Service Service Service Service config false;
_ Model Model Model Model Ya ng type enume;-{!tzon {
Service Models Instance Instance Instance Instance i sz‘gabfe;;
}
Logical Network Model }}
OogICal Networ oae
Control Network Models S }
Layer ‘//’ }
) ) ) Device Device Device Device Device
Device Configurations Model Model Model Model Model Netconf

Instance Instance Instance Instance Instance

Infrastructure
Layer

* YANG - abstraction between customer function and network implementation.

« NETCONEF is a standard device configurations protocol

Control plane remains in forwarding layer, accommodates distributed networks AT&T
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AT&T ECOMP — Network OS

Enhanced Control, Orchestration, Management & Policy
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ECOMP (ONAP)

Operations Functions

.
-~

Topology
Visualization

Design Functions

| |G I ITECN
4 4 &

External Data Movement & APIs

A&Al l Inventory Management ' MSO

- - —
Active [/ Available

Entitlements Orchestration Engine
Resource / Service Topology Adapters (12EE) Service Recipes

~ AT&T Service
Design & Creation

ECOMP Common Services (Logging, Access Control, etc.), Data Movement & Internal APIs

DCAE | Analytic Applications

| Engineering Rules & Inventory |

Recipe/Engineering Rules & Policy P
P . Streaming Events S

Distrbution B —

Real-Time Collector ||Batch Collector Application Adapters

I Operational Management Framework (OMF)

Design / Creation Environment VNEs/

Applications

Compute ~ Networking

Managed Environment

Storage

Execution Environment

AT&T



SD-WAN (Software Defined WAN)

. 1s a specific application of software-defined networking (SDN)
technology applied to WAN connections, which are used to connect
enterprise networks — including branch offices and data centers -
over large geographic distances
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Orchestrator : u
Controllers Cloud DC '
.o | T SaaS
. i - - ! / Hybrid Cloud
.l
> Cloud Gateways
INTERNET ..:- - g
Edge
Enterprise DC
\‘ N Traditional
Privat
Private - MPLS A\ . Dataac:nters
Datacenter
Edge
Enterprise DC -
)
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DMPO - Dynamic Multipath Optimization

e automatic link monitoring, autodetection of provider and auto-configuration of link characteristics, routing and
QOS settings

 Ondemand, Per-packet link steering based on the measured performance metric, intelligent application learning,
business priority of the application, and link cost

* Delivers sub-second protection to improve application availability

 Remediates link degradation through forward error correction, activating jitter buffering and synthetic packet

production. -

VeloCloud Orchestrator

VeloCloud
Gateways

INTERNET
Branch Site Dynamic Multi-path SaaS
with VeloCloud Edge Optimization
PRIVATE/
<>
” Enterprise Data Center N—" AT&T

with VeloCloud Edge —



Internet-based SD-WAN

VeloCloud Orchestrator

VeloCloud
Gateways

INTERNET

Branch Site Dynamic Multi-path SaaS
with VeloCloud Edge Optimization

Enterprise
Data Center
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SD-WAN over FlexWare

VeloCloud
Orchestrator

SaaS

' Virtual Edge running on ~ Virtual Edge running on
AT&T FIexWare device AT&T FlexWare device

—a-
e =
- - —_—
s VeloCloud Edge
Branch Site with Dynamic Multi-path ¢
VeloCloud Edge Optimization VeloCloud VeloCloud Orchestrator

running on AT&T A

Gateways

Virtual Gateway |G- A
: > PRIVATE/ ol \/irtual Gatewa
running on AT&T AIC fe pELS e running on ATS)(/T AIC




SD-WAN orchestrator

L NON

Massive Dynamic

Monitor r Monitor Edges
= . New York Store 1

Network Services
Alerts
Events Past 12 Hours - Tue Oct6, 2:39 - how 4
Configure
Test & Troubleshoot Traffic Type: | Voice
VeloCloud Quality Scores ©F

After

Reports VeloCloud Enhancements
(T T © -

&) View Edge Configuration

& Events from this Edge MPLS N
. SRR W (N 1 | 7.94
& Remote Actions . I ‘ '
5
E Cable -
Il BN NN N NN NUNNNNNURNNNN | DNDN IIDE N IIN] WIE O ,2.35
7. Sen B. Sen 9. Sen 10. Sen 11. Sen 12. Sen 13. Seo 14. Seo 15. Seo 16. Sen
Before: Displays the link readiness for traffic based on the actual measured jitter, latency & packetdoss.
After; Displays the guality of expenence for this edge after VeloCloud optimizations have been applied
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