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Basicdefinitions of SDNand NFV o
4 SDN e ﬁ

4 separation of software (e.g., control plgne) from CONTROL LAYER o Nem_lomsmes
hardware (e.g. data plane, packets forwarding); Softwars _l

Control Data Plane interface
(e.g., OpenFlow)

. H H INFRASTRUCTURE LAYER
4 execution of the software not necessarily in the node —r

but potentially on dedicated IT servers or even in the

Cloud:

4 N FV Classical Network Appliance Approach Independent Software Vendors

Message CDN Session Border WAN

4 virtualization of network functions (e.g. middle- |te=s L ST

DPI Firewall Carrier Tester/QoE
Grade NAT monitor

boxes, from L4 to L7) and their dynamic allocation ' ﬂ B 3 g

Standard High Volume Storage

and execution on general purpose hardware. e e e e E B

+ Fragmented non-commodity hardware.
« Physical install per appliance per site.
+ Hardware development large barrier to entry

4 SDN and NFV are mutually beneficial. e s onsaing motan & Nk alston gt

Standard High Volume
Ethernet Switches

Source: ONF and ETSI
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SDN and NFV are NQdnly about Networks !
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SDN and NFV arexpressionsof a systemictrend
dntegrating» Cloud, Networks and Terminals

Softwarization

ECOM SDN and NFV for Network Cloud Computing
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Softwarization in anutshellé

4 A crossing point of key technological trajectories:

4 pervasive diffusion of ultra-broadband; _
Data Centric Era:
4 1T HW performance increase (at lower costs); mass digitalization

4 growing availability of Open Source SW,

4 more and more advanced terminals.

4 f'Soft war inarmutshelb n 0

4 network and service functions (e.g., L2-to-L7) are just like i a p ptisab ,
can be executed in virtualized resources (e.g., VMs, containers) hosted
on a physical ICT infrastructure (up to terminals), fully decoupled.
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Activities on SDNNFV inStandardizationBodies

Acquisition
of Nicira
Concept of SDN First open First open networks by AT&T Domain 2.0
VMWare
emerges from source code of source code
research on OpenFlow for vSwitch
active and protocol for announced e
programmable Campus ) )
networks networking DTAG Basic Googl_e First relea_se
announced European publicises OpenDaylight
Network use of code
OpenFlow «Hydrogen»

2006 2007 2008 2009 2010 2011
OIF= .

o Formal The Linux
Significant venture ONF founded by DTAG, Discussions | Foundation ETSI-ONF
capital funding begins Facebook, Google, Microsoft, on NFV found the collaboration
for companies SDN Verizon, and Yahoo! to project formalized on
and network improve networking through ETSI NFV white OpenDaylight SDN support
virtualization (e.g., SDN and standardizing the | paper backed by an open sour(;e of NFV
Nicira Networks) OpenFlow protocol 13 operators framework to

accelerate SDN
NFV adoption

Source: ETSI, ONF, OpenDaylight and press articles

=A
= TELECgM

TIM SDN and NFV for Network Cloud Computing
Antonio Manzalini, Future Centre




(D~

S0 Applcation " SO0 Application *

SN Application’

| II
-

Aaplication Plare

SDH Morthboundinterfaces [N& sL -ﬂi'_l
. " L Mukip
vy o lory

50 Candraller L

Fl

pte et

Tranedste ren's down
=

Erdicres IIIJ'.In-N

o i
:

Lirge: kel izt

b
Capadfiiy Cisdrecry

‘|II
i

——— m—
-
etk Element e Network Eb—.,g,,‘f\\

y

E | | 50N Datapath 4 SOMDatapath* Y
-4

;| T

) m
* indicates one or more ietances | * ineficabes tem o mose nstances

SDN reference architecture
(Open Networking Foundation)

.....

. s eference architectures

I
: network applications, orchestration, and services

OpenDaylight APIs (REST)

Network RGN
applications, | user
orchestration, | interfaces

e and services
p
NFV Management and
Orchestration
Oz Ma
0SS/BSS l—!— Orchestrator
Se-Ma
- | Service, VNF and Infrastructure -
Description | Or-Vhim
i
‘ EMS 1 ‘ ‘ EMS 2 | ‘ EMS 3 | Ye-vnfm
: ; : } VNF
-+ =+ -+ Manager(s)
4 Or-vi
4 Vinfm
Virtual | Virtual ‘ ‘ Virtual ‘
Computing Storage Network
— R4 Virtualised
| Wirtualisation Layer | | Infrastructure
VIHa | Nanager(s)
Hardware resources
Computing Storage \ Network
Hardware Hardware Hardware
#—# Execution reference poirts | Other reference points  =pem MainNFV reference points

platform
services

vendor-specific :
interfaces

€= ES

ODL reference architecture
(OpenDayLight i Linux)

]
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NFV reference architecture
(ETSI)
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THE TERASTREAM ARCHITECTURE

Infrastructure Cloud Infrastructure Cloud

OTT apps
Self-Provisioning

e T
[ Content_J)

. Mobile Core & Business VPN
Mot Network Services (DNS, :

Services
DHCP)

. Softwire [Pvd
intern

Services

= Moving from hardware to a software business model

DWDM From appliances on proprietary hardware to software on commercial off the shelve hardware
- Breaking out of the “Just rolled-out outdated hardware” vicious cycle (e.g. CNTDB)
Decouple software from hardware through virtualization

= Elasticity
\\ / From over-provisioning and over-investment to scaling services based on current need
.

//

Pay as you grow model
= Multi-Tenancy

L2 MSAN New operational models: cross-country or central production of services
11111 |||II%N “ Redundancy
«DSL Mobile New operational models: fast failover to other geographic areas
= Flexibility
T [ B | LIFE IS FOR SHARING.

New business models - e.g. Infrastructure as a Service for Content Owners

Enhancement of L2/L.3 VPN Services with Security, Loadbalancing, Web/Cloud Services for business
customers

Softwarization
=S TELECOM ‘ m
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CRAN

*Comventional® RAMaas C-RAN implermentation
implementation of LTE (BB-pooling)
< Flezb e functional split >
=3 | — i T 1
E5 | Metwork V( Metwork )
5 i ! \management), i lmanagerment) | Real-time Cloud for
= —— 4 i | centralized
PR 1 i processing
1
1 Admfcong. ) i Admfcong. i e —
i control i control i
1 | o
[ 1 | L
I - ! L =
Ll RRM PloRRM 1 2 High bandwidth
i ! i :E optical transport
& ) ! i i i network
= P e : = F,
B mac | I S
S A g ! [ } -
i | : | : /
() i (-—‘-\ i : : 1 ; - |.""'-\ Fd
! PHY | Example partly centralised ' PHY ' Distributed RRU
NS—, i : )
i i il
o ) ; N O
| | ' ! = RRU

Flexible functional split.

Source: Dr. Chih-Li n | A S o f tManagemehthh a3&tRare-De f i ned Wor | do, Keynote NOMS2
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Google GScale: a WANiasedon SDNparadigm

Google's OpenFlow WAN Google

Softwarization
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True impact of Softwarization
4 Integrating deeper Networks and Clouds, at lower costs:

4 network and service functions are i a p p | | dexetuies an $ogical resources (e.g.,
VMs, Containers), dynamically allocated and moved on an underneath physical
infrastructure (up to the terminals), which is fully decoupled,;

4 adopting IT-style operational processes (normally used for Data Centers such as
dynamic allocation, migration and cloning of logical resources) also for the Network,
even up to the U s e tesninals (Edge and Fog Computing);

4 Blurring the border between the Network/Cloud and fwvhat connects to ita

4 more and more powerful terminals will become capable of storing large data sets and
and executing service components and functions even locally (Fog Computing);

4 smart things, intelligent machines, robots, Self-Driving Cars, etc. will become the
future Telecommunication i t e r ndfompeoVidsng new ICT services.

SDN and NFV for Network Cloud Computing | 1
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é s oreaferencearchitectures, interfaces and rolesé

Applications
Apps-Services Providers
T Apps Requests \L -
API
. Service Platforms
I I
T . . - . .
I+ | AP T Service Chains \L - Biz-Services Enablers
1 S
Q —
: £ : Orchestration
1 Q0|
ey T Allocation \L —
1 81 API
= Virtualizati o Smart
I irtualization : .
Lo Dumb Pipe Connectivity
I _: Physical Net Infrastructures Providers Providers
L - ]
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Twoinnovation cyclesfor Softwarization:

Slowand Fast

http://www.blueoceanprinciples.com/why-blue-ocean/
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Red Ocean slow innovation cycle (continuity)

4 Smooth evolution of current Telecom infrastructures: e.g., introducing SDN and NFV
starting from virtualizing some service functionalities. Main challenges:

4 interoperability of SDN-NFV with legacy systems (missing standard interface);

4 complicated evolution of operational processes, e.g. OSS/BSS, in order to cope
with SDN-NFV complexity (managing millions of S/W processes instead of nodes)

4  Main benefits:

4 potential savings in CAPEX and OPEX but risk of reducing/compromising said
savings by the problem of integrating SDN-NFV with legacy systems;

4 reducing (partly) the time to market but, due to the legacy processes, it might be
not-enough-short to cope with the market dynamics;

4 enabling (partly) API-Economy: introducing programmability but processes are not
flexible and fast enough to exploit full potential the APIs model opportunities.

- e — SDN and NFV for Network Cloud Computing
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Blue Oceanfast innovation cycle (disruption)

4 Disruptive transformation of the Telecom infrastructures: csoftwarizationo of network and
service platforms (e.g., true VNO or SD-Operators). Main challenges:

4 automation of Operation processes for softwarized platforms (a la IT);

4 fast adoption of i st a n deafacdoo (market is deciding, rather than waiting
for long standardization path);

4  Main benefits:

4 de-perimetrization of services: borderless operations in countries where it is
possible to rent a physical infrastructure (virtual infrastructure uploading);

4 servitization: anything can be transformed in a fgateoto provide and access new
ICT services and data (Internet of/with Things, pervasive robotics/machines);

4 enabling API-Economy: processes are flexible and fast enough to exploit full

potential the APIs model opportunities.
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Red d Blue domains Interoperability

4 Interoperability of fully «softwarized» domains» with legacy infrastructure
across «standard-de-fact» and/or standardized interfaces.

Softwarized Domain

Softwarized Domain

Softwarized Domain

[ SDN and NFV for Network Cloud Computing
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How the Telecommunicationsecosystemwill change ?

4 Competition moving from a CAPEX-oriented models (e.g., based on
physical infrastructure) to an OPEX ones (e.g., virtualised functions):

4 the threshold for new Competitors is lowering: new il f wli |r ytOpesiakors to enter
the market, as less investments will be required (they can rent physical resources
from Infrastructure Providers);

4 Voice commoditization, i s e r \piac & A @ndé gognition:
4 voice telephony is likely to become just another OTT serviceé or

4 telecoms services to become increasingly packaged with other services and made
available through a variety of access connectivity services;

4 new service models are to appear (e.g. Cognition as a Service).

"TELECQM ‘ SDN and NFV for Network Cloud Computing 17
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How the Telecommunicationsecosystemwill change ?

4 Changes in the Telecommunication ecosystem:

4 Potential emergence of new roles for Operators (e.g., Smart Connectivity Provider,
Service Enabler, etc.)

4 OTT are advantaged: they master the SW and they are in the middle of a set of
relationships (working with customer equipment manufacturers and their retailers);

4 OTT can become MVNO very quickly;

4 Some telecoms equipment suppliers are repositioning as principally software supply
companies: a significant shift in business model:

I the sale of software licencing has many differences to the sale of equipment !

SDN and NFV for Network Cloud Computing
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How the Telecommunicationsecosystemwill change ?

 Digital Society will become a Complex
Economic System;

 Polycentric Governance beyond nwal | ed
gardepnso

¢ Prof. Elinor Ostrom, (Indiana University)
was awarded in 2009 with the Nobel in
Economic Sciences (shared with Oliver E.
Williamson) for the results she achieved
in analysing how communities of Players
can manage ecosystems of resources.

Elinor Ostrom, Beyond Markets and States: Polycentric Governance of Complex Economic Systems
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