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The GARR Network

IRU fiber footprint 1600041500 km

~9.000 km of backbone ) A p
. GEANT '\ GEANT AUSTRIA
~7.000 km of access links ‘

Telia SWITZERLAND GARR
+ 1500 km of dedicated fibre for Metrology Application (INRIM) : \ /

SLOVENIA

About 1000 user sites interconnected
> 1.5 Tbps aggregated access capacity Top-X

OPTICAL FIBRE

~ 3.5 Tbps Backbone Capacity

~ 90%o of the users via DF (limited xDWM) N ‘,‘
DWDM/OTN/ROADM Network

~ research links
Internet links

* (2011) Huawei 1/10 G
» (2015) Infinera 10/40/100 G
» (2017) Alien Waves 200G between Core PoPs

« (2018) DCI 1.2T (5x100G active) CINECA — CNAF

Core IP/MPLS network

* Juniper MX960/480/80

Metro/Aggregation
 Cisco ME3600/3400
» CPE Cisco 2900 series
« ISR-43xx, ISR-4451
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GEANT Network Footprint Evolution
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I requisiti della comunita GARR

e High Speed
Network

e Transport only
/ * World Wide Scale

e Network

Application
¢ Infrastructure
e Fasy to Use Advanced Integration
Managed e |IP Connectivity Services <+ High Availability
Services e Security J Services
_ Management e Disaster Recovery

e Network Control
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Evoluzione Tecnologica
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o Ethernet Roadmap
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Benchmark of Wired and Wireless Technologies
with Projections
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Evoluzione della fibra ottica e deil sistemi di

modulazione
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Ethernet Road Map

A

ENTERPRISE
CAMPUS AND DATA CENTE,
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ethernet alliance
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Emerging Interfaces and nomenclature
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INTERFACES AND NOMENCLATURE

Electrical Backplane MMF 500m 2km 40km
Interface Pair Pair PSM4 SMF SMF SMF
(1 Pair) (4 Pair)
10BASE- Tis? TIS/TIL
100BASE- il
1000BASE- m T
2.5GBASE- KX Tis? i
SGBASE- KR Tis? T
10GBASE- TIS? T
25GBASE- 25GAUI KR CR/CR-S T SR LR ER
40GBASE- XLAUI KR4 CR4 T SR4/eSR4 | PSM4 FR LR4 ER4
S0GBASE LAUI-2/50GAUI-2
50GAUI- KR CR SR FR LR ER
CAUI/10 CRIO SR10 10X10
CAUI-4/100GAUI-4 | KR4 CR4 SR4 PSM4 | CWDM4 LR4 ER4
100GBASE- CLR4 | 4WDM-10 | 4WDM-40
100GAUI-2 KR2 CR2 SR2
100GAUK KR1 CRI DR 100G-FR | 100G-LR ? ?
200GAUI-4 KR4 CR4 SR4 DR4 FR4 LR4
200GBASE-
200GAUI-2 KR2 CR2 2 2
400GAUIF6 SR16
400GBASE- 400GAUI-8 FR8 LR8 ? )
400GAUI-4 KR4 CR4 DR4 |400G-FR4 o

Gray Text = IEEE Standard

Red Text = In Standardization ~ Green Text = In Study Group
Blue Text = Non-IEEE standard but complies to IEEE electrical interfaces E,_E:,:;;@))
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FORM FACTORS

This diagram shows the most common form
factors used in Ethernet ports. Hundreds of
millions of RJ45 ports are sold a year while tens
of millions of SFP and millions of QSFP ports
ship a year.

This diagram shows new form factors initially
designed for 100GbE and 400GbE Ethernet ports.
All have 4 or 8 lanes and the OBO has up to 16
lanes. The power consumption of the modules is
proportional to the surface area of the module.

4-16 Lane Interfaces

1-4 Lane Interfaces

0.01-4060/5

tical Fiber

*Square inches of top
surface of the module

299

ethernet alliance

FORM FACTORS

1-4 Lane Interfaces 4-16 Lane Interfaces

__ On Board Optics (0B0)

Twisted Pair £5F
cat'x

Duplex
and Paraliel
Optical Fiber

*Square inches of top
surface of the module
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Many Technologies Support Carrier Ethernet

Transport Encapsulation Control Plane

LO/L1 Transport EMS/NMS + SNCP/MS-SPRing
| (EOSONET/SDH, OTN, DWDM) ASON/WSON, GMPLS

L2 Bridging XSTP, REP, others

(QinQ, 802.1ad, PBB) G.8031, G.8032

LR me4 MPLS Switching IP/MPLS (IGP, LDP, RSVP, BGP)
3 (MPLS-TP, PW, VPLS, EVPN) SR, GMPLS, EMS/NMS

+ various access (wireless, wireline, cable) and tunneling technologies.
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Agile Carrier Ethernet Networks

Fully Distributed CP Fully Centralized CP

| BGP BGP/SDN SDN Controller
T-LDP Autonomic IGP + SR OpenFlow
e R Autonomic Networking + Segment Routing + SDN

RSVP-TE Minimal but “sufficient” distributed control plane intelligence
MPLS LDP with centralized intelligence on the SDN controller.

SDN Controller

IP

Aggregation
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Disaggregated Network Components

W_I
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SW|tch|ng Matrix :
l Vantaggi:

* costi minori

* maggiore resilienza ai guasti-aggiornamenti
Affidabilita architetturale

* ciclo di vita definito

Svantaggi:

* Maggiore complessita
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The Evolving Technologies
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Open Networking Ecosystem

% Open Source vs. Commercial Solutions

Open Source

Programming Frameworl{sn @ dc django

Application Platforms CLPO OPENSHIFT

VM/VI Managers

Containers

Operating Systems A
Virtual Machines oons ,,\KVM

Carrier Networking Functions: QP[IFV

Network Controllers | —-~. % "

Network Switch OS A o2 ki

Hardware m G
n

DPNM Lab.
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Evoluzione Tecnologica a supporto dell’evoluzione

della fibra ottica e dei sistemi di modulazione

es nchmark of Wired and Wireless with Proje "
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Emerging Interfaces and nomenclature
Ethernet Road Map
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La Rete Attuale
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» NETWORK
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O GARR Network PoP

OPTICAL FIBRE

\ operational

~ planned

oY) cross borders fibre
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\ research links
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GARR-X Network Architecture

| | mF
IP H VPN Services ‘ QKD ‘
IP/IMPLS
o DCI - Transport
L %)
o g \_ W
25| R
E 3 Open Line System
|8 . J
@,
Dark Fibre
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GARR-T High Level Network Architecture v-1.0

T/F
QKD

s ™

IP VPN Services LightPath | Spectrum

SR ¥ ., A

IP/MPLS

DCI - Transport

Open Line System OTDR

TLC Aggregation
Leased Lines

Dark Fibre
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L’evoluzione di rete in pillole

* | disegno di rete pensato come “greenfield”

o Fibra ottica di lunga distanza, sistemi ottici e apparati completamente nuovi
o Introduzione della automazione su IP/MPLS network

* Packet layer | T (e S R

IP VPN Services LightPath | Spectrum QKD
o Servizi (IP L2VPNs, L3VPNs, MDVPN etc.) J\ / / _—
o Fast rerouting and restoration ‘ IP/MPLS

DCI - Transport

* Optical layer

S| g
o Mette in comunicazione gli apparati di rete 2| 5
. .. o || 3 Open Line System OTDR
o Spectrum e cammini ottici p-t-p (100 Gbps+) | 2 %
. .. . O
o Nuovi Servizi: Time and frequency transfer = Dark Fibre
o Migrazione in service
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IP, VPN Service,

MD VPN

H;‘JBR
Packet Transport
Network
Access, Service
Termination and
Service Delivery

BO
Customer
Premises Edge

éJ

Global Internet
=] ]
e
Da Rete Fisica
Reti Logich
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Network (and ICT) Evolution Trends

From traditional stack Through Layered Network To overlays

L7
APP Services
OVERLAY
L3-L7
NAT/FW/DNS e
Orchestrator SDN Controllers
IP/MPLS
L3
PACKET
‘ Storage Computing k
LO-L2 Packet/OTN Flex-Grid
Open Line Systems Flex-Modulation
LO
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High Level Architecture + control + services

OVER USER APPS
|

UNDERLAY \
\ Peering

- I
PACKET .\
OTTICO
Optical transport Wavelenghiz [

Open line system
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High Level Architecture + control + services

+ maiﬁtoring + Security

Services

Control
USER APPS

APPS

Monitoring

SDN

Wavelenghts

Cybersecurity
And
Privacy

Peering

PACKET

PACKET

Monitoring Optical transport

Open line system
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Conclusioni

Dobbiamo rispondere a nuove sfide che coinvolgono l'intero sistema di rete GARR
come parte di un network globale via GEANT

Non solo IP
Elementi chiave Infrastrutture fisiche magliate, capillari e condivisione di spettro
La disaggregazione come building block per ridisegnare l'intero sistema

La maggiore complessita richiede una metodologia devops con le quali si
«disegnano» le applicazioni Infrastructure as a Code

Sviluppare competenze nella capacita di vedere quello che accade in modo dinamico
con tempi di reazione non confrontabili con i processi «umani»

Superamento di SS7/SMTP: servono nuovi protocolli di comunicazione, certamente
condivisi

Dobbiamo semplificare, collaborare, riusare, aggiornarsi e condividere
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