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Motivation

• Video Multi-Cast / Broad-Cast
• In Metro and Core
• Operators can choose among 

– Layer 1 (NG-SDH, OTH)
– Layer 2 (PBB, PBB-TE, T-MPLS, RPR)
– Layer 3 (IP/MPLS)

• Resilience schemes available, but not for MCast!
– We propose and evaluate such
– protection and restoration schemes
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Multicast distribution over metro and 
core networks (Source: Telefonica Spain)
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Multicast distribution over metro and core 
networks (Source: Telefonica Spain)
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Common BroadCast TV Services 
(Source: Telefonica, Spain)
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Requirements of IP-TV Broadcast

• Some Characteristics of Transport Alternatives 
for delivering IP-TV
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Metro Networks:
Madrid reference network

Working and Backup Multicast Trees for 1+1 protection
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Metro Networks:
Madrid reference network

Initial case and an example for restoration – multiple failures (3 or more)
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Protection vs. Restotration in Metro 
Dual-Ring Networks

• Satisfactory availability for restoration only! (99.999%)

Service unavailability percentage
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• MTBF = 6 months
• MTTR = 6 hours to 14 days
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Core Networks: Outline

• Grooming-Capable Two-Layer Networks
• Multi-Cast Trees

– Algorithms
– Restoration
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What is Grooming?
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The Model: A Grooming Example
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Outline

• Grooming-Capable
Two-Layer Networks

• Multi-Cast Trees
– Algorithms
– Restoration
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MLMC Algorithms
Root-to-leave Multicast
A Steiner tree problem

1. ASP: Accumulative Shortest Path (Dijkstra)
a) Sequence of point-to-point demands

b) Each Routed by Dijkstra’s alg.

c) Order does matter: cost of used links set to zero

2. MPH: Minimal Path Heuristic
a) M. Ali, J.S. Deogun, “Cost-effective implementation of multicasting in 

wavelength-routed networks”, JLT, Vol.18. Issue.12., 2000

b) Shortest leave-root paths substituted by appropriately weighted links
c) Prim’s (or Kruskal’s) algorithm used for finding the  min spanning tree

d) Used for Steiner tree

3. ILP: Integer Linear Programming [ONDM2007]
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Outline

• Grooming-Capable
Two-Layer Networks

• Multi-Cast Trees
– Algorithms
– Restoration
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Resilience: What are the Enemies of Networks?
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Restoration Strategies

• If a link fails, one or more leaf get disconnected...
– Location dependent
– E.g., in US a network is in critical state if over 30 000 users get disconneceted!

• ASP
– Each cut leave reconnected by Dijkstra to the root via closest connected node, 

one-by-one

• ASP partial
– The whole cut branch is reconnected at once to the root via the closest connected 

node

• ILP
– The whole tree reconfigured from scratch (failed elements temporarily deleted)
– Can be very dfifferent!!!

• ILP partial
– Similar to ILP, but all unaffected links of the tree are kept, with costs set to 0
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Illustration of Restoration
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Comparing the Methods (1/2)

Restoration strategies

Initial Routing
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Comparing the Methods (2/2)

Explained
on 

Next Slide
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Relative Impact of Failures
• Length · restoration time · ratio of affected leaf
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How protection and restoration affect 
the IPTV service?

• Short interrupts
– Reconfiguration
– Restoration

• We have made an experiment
– 15 people watching and rating
– 3 movies of different resolution, encoding, dynamics
– 40-second video clips

• 3 failures of equal duration at random time instants
(30, 50, 200, 500 and 1000 msec)

• at least 10 seconds between two failures
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The 3 videos evaluated: 
(MPEG2/UDP/IP)

~ 9,6 Mbps38.8104 Mbps301920x1080
HDTV      (Magic 

of flight)

~ 5 Mbps4.16 Mbps25720x576
SDTV fast (Polar 

express)

~ 4,5 Mbps4.16 Mbps25720x576
SDTV slow 
(Spiderman):

Real average 
bit-rate

Declared 
bit -rate

Frames/secResolutionFormat
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MOS
Mean opinion score with variance for the three videos for different
durations of protection or restoration. Higher score®®®® better quality .
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Conclusion
• Metro and Core
• Protection and Restorations
• Multicast – at what layer (in the Core)?

– Optimisation (ILP and Heutristics)
– Techno-Economic Aspects
– Optical Multi-Cast rapidly gaining on its importance!

• Resilience � Restoration
– Protection: too expensive!
– Restoration: higher availabilty 
– Different Restoration Strategies (Algorithms)
– Restoration time more critical than tree quality
– Short  interrupts:

• Not the length (if ~< 200 ms in our Broadcast TV case) but 

• the frequency is critical!
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Outline

• Grooming-Capable
Two-Layer Networks

• Multi-Cast Trees
– Algorithms
– Dynamic Reconfiguration 

– Restoration
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Dynamic MultiCast
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Cost – as the number of tree leaf increses
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Number of used components and their cost

0 2 4 6 8 10 12 14 16 18
0

2

4

6

8

10

12

Number of events after reconfiguration

A
ve

ra
ge

 a
dd

iti
on

al
 n

um
be

r 
of

 r
es

ou
rc

es

 

 

Additional cost

Additional number of O/E, E/O ports

Additional number of WLs



Networks 2008   � Budapest   � October 2cinkler@tmit.bme.hu 36MLMC

How often should we reconfigure?
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Comparing the Methods


