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The Network Topology 

Blue color: implemented at 
first phase (2012) 

Gray color: not implemented 
at first phase 

Italy Shape does not help to 
have uniform coverage 

Network topology mesh  
Å Good/acceptable in 

Nord-West and Central  

Å Poor in Nord-East, South,  
Insular 
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ÕTotal number of ports: 
Õ Network boards: 155 ND2 (2x10G) + 10 NS3 (1x40G) 

Õ Client boards: 41 TOA (8x multirate; 328 ports but 242 sfp) + 63 TQX (4x 
10G; 253 ports but 232 xfp) 

GARR-X Transmission Equipment 

ÕTotal number of nodes: 81 
Õ 32 x ROADM; 
Õ 23 x OTN 
Õ 49 x Amplifier 1R (OLA); 

ÕAverage span length: 71 Km 
Õ Longest span ~ 130 km (BoĄFi) 

ÕBER target value:  10-16 post-eFEC 
Õ Pre-FEC BER @ 10G < 10-15  
Õ Pre-FEC BER @ 40G <  10-9 

ÕNo-Coherent 10G/40G DCM  
ÕUpgrade 100G Coherent 

ROADM 
OSN8800 T32 Subrack  

OLA OSN6800 

Õ 3 Ą 6-degree node 

Õ 3 Ą 5-degree node 

Õ 5 Ą 3-degree node 

Õ 15 Ą 2-degree node 

Õ 4 Ą 1-degree node 
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GINS: Monitoring del layer ottico 

WS-GARR - Roma 2/12/2014 Massimo Carboni 



Massimo Carboni 

40G 
10G 

I servizi di rete Ottici 
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Robust and flexible technology, however: 
Å To grow in speed is a cost 

Å Substantial overhead to 100Gb/s evolution 
Å Lack to understand our point of view 

Å Operations Time Consuming 
Å Non-optimal optical power adjustment 
Å Restoration implies constant tuning activity 

Å WSON: works perfectly when check on rerouting path is done periodically  

Å Raman pumps: to handle with care 
Å Fibres ŎǳǘǎΣ wŜŦƭŜŎǘƛƻƴ {ŜƴǎƛǘƛǾƛǘȅΣ ΧΦ 

Å Too Long Delivery Time 
Å Low level skills in Local support team 
Å Professional skills  for complex task ONLY on Chinese experts 

CƛōǊŜ ŦƻƻǘǇǊƛƴǘ ΧΦ  
Å Limited effect coming from fibre mixture G.652/G.655 

Å Guard band (10/40/100) 

 

IǳŀǿŜƛ ǎƻƭǳǘƛƻƴΥ ƻǾŜǊŀƭƭ ƎƻƻŘΣ ƘƻǿŜǾŜǊΧ 
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Learned Lesson  
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I numeri di GARR-X 

¼  6.500km di fibra di dorsale rilasciata 
oggi 

¼  2.000km di fibra di accesso in 
produzione oggi 

¼  50 POP di accesso/aggregazione 
¼  oltre 450 sedi utente 
 
Rete Tramissiva (fine 2012): 
¼  32 nodi e 60 apparati di 

amplificazione 
¼ » 220 porte 1G sui nodi trasmissivi 
¼ » 232 porte 10G sui nodi trasmissivi 

 

Routing & switching (luglio 2012): 
¼  4 core router // 27 core switch // 38 

edge switch 
¼ » 1.992 porte 1GE 
¼ » 800 porte 10GE 

Å BackBone > 1Tbps 
Å Accesso > 400Gbps 
Å Ricerca  250Gbps 
Å 100G GEANT Mi1  
Å 100G GEANT Mi2 
Å 5@10G E2E links 

Å Commodity > 120Gbps 
Å 30G MIX 
Å 20G NAMEX 
Å 10G TOPIX 
Å 20G Level3 
Å 10G Cogent 
Å 10G Google 
Å 10G Google Cache 
Å 10G Akamai Cache 
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/ƻƳŜ ŜΩ evoluto il traffico  
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Ricerca 

Commodity 



/ƻƳŜ ŜΩ evoluto il traffico  

WS-GARR - Roma 2/12/2014 Massimo Carboni 

Commodity 

Ricerca 

Crescita x2 



Ç Lƭ ǘǊŀŦŦƛŎƻ ŝ ǘƻǊƴŀǘƻ ŀ ŎǊŜǎŎŜǊŜ Řƛ ǳƴ ŦŀǘǘƻǊŜ н ŀƭƭΩŀƴƴƻ 

Ç Il disegno di rete (fiber-footprint), la disponibilità di un 

sistema di trasmissione dati consente di adattare meglio 

che in passato il disegno di rete alle necessità 

Ç Il disegno di rete non è completo, in particolare al SUD 

Ç Serviva un piano di evoluzione della rete 

Ç Primo progetto presentato nel 2011 

(GARRXinSUD) 

Ç Secondo progetto (GARR-X Progress) Aprile 2013 

Cosa abbiamo imparato 

WS-GARR - Roma 2/12/2014 Massimo Carboni 



WS-GARR - Roma 2/12/2014 Massimo Carboni 



1 

1 

2 

) 
) 

1 

1 

2 

) 
) 

GARR-X & GARR-X Progress (2015) 

GARR-X Progress is the extension 

of GARR-X in the South of Italy  

GRANT fund from Italian R&E 

Ministry to remove the digital 

divide in the South 

Å Network infrastructure 

Å Schools 

Å L¢/ όŜƴŘ ǳǎŜǊΩǎ ǎŜǊǾƛŎŜǎύ 

Å Training 

Constrain: expenditure before 

March 2015  
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GARR-X Progress 

A shared High Speed 
Network  for the 
community of: 
Å Schools 

Å Universities  

Å Research  

Applications to delivery 
widespread IT services to 
the R&E Community 

WS-GARR - Roma 2/12/2014 

Project Requirements  

Physical Layer 

Circuit Layer 

Packet Layer 

       Users 

e-Infrastructure 

Service Community 

Massimo Carboni 



GARR-X Progress Pillars 
Fibre for everyone  

Å Backbone 

Å Access 

Å Schools 

High Speed Transport Network 
Å DWDM Coherent vs Terabit Network Solution 

Å Superchannel P-t-P with services at: 10G/40G/100G  

Å OTN Restoration 

Å A2B: Traffic Matrix @ 10G/40G/100G 

Å A2A: Traffic Matrix @ 10G/100G 

Access on fibre 
Å Schools 100M on 1G link 

Å Access 1G over 10G link 

Å High End 10G over low expensive DWDM solution 

L/¢ όŜƴŘ ǳǎŜǊΩǎ ǎŜǊǾƛŎŜǎύ 
Å Distributed Data Center Ą 5 PoPs  

Å High level Service: IaaS / PaaS / SaaS 

Å End User Service: GARRBox (on  
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ÅTributary Modules (xTM) 
support 10 x TIM slots

ÅTIM modules for client 
interfaces:  Sub 10 G, 10G, 
40G & 100G

Å<10G service through sub 10G 
TIM and aggregation shelf

ÅPIC-based 500Gb/s DWDM line 
modules (AOLx-500)

Å5 x 100Gb/s with FlexCoherent
modulation (QPSK, BPSK, eBPSK)

ÅULH reach up to 2800km+

ÅUp to 5Tb/s switching per bay

ÅMultiple switching options:

ÅOTN muxing/switching (OXM)

ÅHybrid packet/OTN (HXM)

ÅTen (10) universal  I/O Slots

ÅMix & Match Trib/ Line Modules

Universal Slots

Universal Slots

XTC Chassis

Tributary Modules

DWDM Line Modules

Switch Modules

5 x 10G

1 x 40G

1 x 100G

Switch Slots

16 x 2.5G

S
w

itc
h

 S
lo

ts

Universal Slots

Universal Slots

Infinera Solution 
16-OCG @500Gbps - 8Tbps max capacity - 100Gb/s client 

Capacity model: pay as you go 
Line 500Gb/s p-2-p  
Client 10G/40G/100G  
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The IP/MPLS (2012) 
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The IP/MPLS evolution 
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GARR-X Progress vs GARR-X 

WS-GARR - Roma 2/12/2014 

Numbers comparison   

GARR-X GARR-X Progress 

Backbone   6500 km + 3000 km 

Access 1500 km + 2000 km 

Schools 0 km  + 1000 km 

WDM Nodes 32  + 21 

IP/MPLS nodes 38 + 8 

Client Capacity  1 Tbps + 5 Tbps  

vCPU (E5-2697v2) 0 +8800  

Storage (PB) 0 +10.3 

9500 km 

3500 km 

1000 km 

53 

46 

6Tbps 

8800 

10.3PB 
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 Where we are now 

GARR-X Progress Procurement Procedure: 
Å [1301] DF          07/13 
Å [1401] DWDM 02/14 
Å [1402] IP           03/14 
Å [1403] ICT        04/14 

GARR-X Progress is now on delivery phase: 
Å Fibres: delivery at 80%  
Å Routers: 100%  2nd week of Dec 
Å WDM: 100% end of year  
Å ITC: 60% within 2nd week of Dec 
Å 100% gen 2015 

é everything in parallel 
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Integration and Future evolution 
from South Ą North  
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100G Evolution  Full Upgrade  
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