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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)

Aggregation: L2 (Ethernet).
New alternatives: L2: PTT (T-

Fixed and Mobile access MPLS, PBT) and L1: OTN Metro-Core and Core: L3 (IP/MPLS) and L1 transport (NG-SDH and

DWDM). New alternatives: L2: PTT (T-MPLS,PBTt) and:LQTN

P g > < [
< ] »

Unicast or Multicast Metro PoP

transport
f

User
Multlcast
Transport
\ / —
—

100 MPEGZ channels: 600 Mbps
( eadEnd \
I

Y™ o
B | % Satellite,wireles
&/ \\—’\ i . X orfibre link
, Aggregation ' | =\
0

Multicast channel N
kNetwork j\ Metro PoP

!
‘ IGMP is used for TV channel selection

AAAA
[T

Cod

Multicast
transport

cinkler@tmit.ome.hu MLMC Networks 2008 Budapest October 2




Multicast distribution over metro and core
networks (Source: Telefonica Spain)

Aggregation:
L2 (Ethernet).
. New alternatives: Meiro-Core and Core:
Fixed and [2: PTT (T-MPLS L3 (IP/MPLS) and L1 transport (NG-SDH and DWDM).
Mobile access  PBT) and L1: DTI'E New alternatives: 1.2: PTT (T-MPLS,PBTY) and L.1: OTN
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Common BroadCast TV Services

(Source: Telefonica, Spain)

Bandwidth [Mbps]

cinkler@tmit.bome.hu

Type of service Peak down | Peak up MZ?)Cvn Mee::;)

Video Broadcast O (Mobility TV) 0,384 0 0,256 0

Video Broadcast 1 (SDTV mpeg2) 6 0 6 0

Video Broadcast 2 (SDTV mpeg4) 3 0 3 0

Video Broadcast 3 (HDTV mpeg?2) 20 0 20 0

Video Broadcast 4 (HDTV mpeg4) 10 0 10 0
MLMC Networks 2008 Budapest October 2




Requirements of IP-TV Broadcast

Multicast

Multiple failure survivability

Recovery Time

Max. Jitter

Single Failure

Multiple Failures

IP-TV

YES

YES

20 ms

[ s

 Some Characteristics of Transport Alternatives
for delivering IP-TV

Recovery Speed
Multicast 1 + 1 Protection Restoration Resilience Standards
IP/MPLS YES < H0ms IP rerouting process (seconds or minutes) | Unicast: RFC 4090; Multicast: work in progress
PLSB YES TBD TBD None
RPR YES < b0ms NO 802.17
VPLS YES < h0ms [P rerouting process (seconds or minutes) Just like MPLS
PBB YES NO STP convergence (seconds or minutes) 802.1D (STP)
PBB-TE Under definition < b0ms NO §02.1ag
T-MPLS Under definition < blms NO Y.1720/G.8131
OBS YES TBD TBD None
NG-SDH (GMPLS) YES < blms < 100ms Y.1720/G.8131
0CS (GMPLS) YES < 50ms seconds None




cinkler@tmit.bome.hu

Metro Networks:
Madrid reference network

@ Head-end node

O Metro access node

Working and Backup Multicast Trees for 1+1 protecton




Metro Networks:
Madrid reference network

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

« MTBF =6 months
 MTTR =6 hours to 14 days

Protection Restoration

Service unavailability percentage Service unavailability percentage

30 0,005

25 ]
" o 0,004
. i 0,003 -
8 15 o
10 el 0,002 -
7
5 0,001

%

0 ,_4/’/ —e— Multicast with /
T T T T T T T _. ‘ . . - . ‘ :

Protection 0 - —=— Multicast with
0,25 05 1 2 5 7 10 14 025 05 1 2 5 7 10 14 Restoration

MTTR [days] MTTR [days]

o Satisfactory availability for restoration only! (99.999%)
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Core Networks: Outline

‘ Grooming-Capable Two-Layer Networks

e Multi-Cast Trees
— Algorithms
— Restoration

cinkler@tmit.ome.hu MLMC Networks 2008 Budapest October 2
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What is Grooming?

“OG Sn ::
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Maximal (Full) Grooming':
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The “Two-Layer” Node: E-MC

ELECTRONIC TIME-SPACE SWITCHING

/]

|

fibres T hybrid
wavelengths XC

cinkler@tmit.bme.hu MLMC Networks 2008 Budapest October 2 12



The “Two-Layer” Node: O-MC

OPTICAL SPACE SWITCHING

/]

|

fibres T hybrid
wavelengths XC
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The Model: A Grooming Example

N
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How Does it Work?

For ILP For Spanning Tree
and Shortest Path

MLMC Networks 2008 Budapest October 2
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The Networks for Evaluations

NSFNET (USA) COST 266 (EU)
14 nodes 21 links Basic Reference Network

6 x 1000 units of capacity 55 nodes. 32 links
https://lemon.cs.elte.hu/ used |

Oslo

Glasgow

Seattle, WA

Dublin Copenhagen

Hamburg
Sterdam

; NJ
College Pk,
MD

Magd

Barcelona
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Outline

 Grooming-Capable
Two-Layer Networks
e 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 implementatia of multicasting in
wavelength-routed networks”, JLT, Vol.18. Issue.12.2000

b) Shortest leave-root paths substituted by appropsetely 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

e 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 ov8€F 000 users get disconneceted!

e ASP
— Each cut leave reconnected by Dijkstra to the v@otlosest connected node,
one-by-one
ASP partial

— The whole cut branch is reconnected at once toothtevia the closest connected
node

ILP
— The whole tree reconfigured from scratch (failezihvednts temporarily deleted)
— Can be very dfifferent!!!

ILP partial
— Similar to ILP, but all unaffected links of thedrare kept, with costs set to O
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lllustration of Restoration

leaf Less
critrical
links \
Most
critrical

link

root
ASP
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Used capacity

Comparing the Methods (1/2)

Initial Routing

T . . . .
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Original routing ASF ASF partial ILF ILF partial
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8 T T T T T
I ASP
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L JIP
=" : - :
Original routing ASP ASP partial ILP ILFP partial

(¢) |Capacity [requirements.

Solution time

(a) The tref costs, | REStOration strategies

Number of used wavelengths
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st I MPH
[P
20+
15+
10
5 —
LHE | HE | EN |
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(b) Calculation| times.
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(g) Relative Impact of Failures (Service Unavailability) (h) As in Fig. 1(g), weighted with the relative change of wavelengths used.
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18

16
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10

Relative Impact of Failures

e Length - restoration time - ratio of affected leaf

X 104

N A sP
B MPH | |njtial Routing
[ Jwp
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ILP partial

Restoration
Strategies
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How protection and restoration affect
the IPTV service?

e Short interrupts
— Reconfiguration
— Restoration

 We have made an experiment
— 15 people watching and rating
— 3 movies of different resolution, encoding, dynesni

— 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

cinkler@tmit.ome.hu MLMC Networks 2008 Budapest October 2
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The 3 videos evaluated:

(MPEG2/UDP/IP)

cinkler@tmit.bome.hu

Format Resolution Frames/sec Decl_a red Real average

bit -rate bit-rate
SDTV slow

(Spiderman) 720x576 25 4.16 Mbps 4,5 Mbps

SIDLY i (P 720x576 25 4.16 Mbps ~ 5 Mbps

express)

HDTV ~ (Magic | 445041080 30 38.8104 Mbps ~ 9,6 Mbps
of flight)

MLMC Networks 2008 Budapest October 2
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MOS

Mean opinion score with variance for the three videos for dferent
durations of protection or restoration. Higher score® better quality.

Mean Opinion Scores with variance

== SDTV Slow
- SDTV Fast
Oo-=HDTV | |

Score

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 100 200 300 400 500 600 700 800 900 1000

Outage [msec]




Conclusion

e Metro and Core
 Protection and Restorations

e 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 cag but
» the frequency is critical!

cinkler@tmit.ome.hu MLMC Networks 2008 Budapest October 2
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*“NETWORKS 2008”
the 13th International Telecommunications
Network Strategy and Planning Symposium
“Convergence In Progress”
Budapest, Hungary
September 28 — October 2, 2008
www.networks2008.org
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Outline

 Grooming-Capable
Two-Layer Networks

e Multi-Cast Trees

— Algorithms
— Dynamic Reconfiguratio_
— Restoration
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Cost (unit)

Dynamic MultiCast

Periodic Re-optimisation of trees
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Cost — as the number of tree leaf iIncreses
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Number of used components and their cost

12 I I I I
B ~dditional cost
10| Additional number of O/E, E/O ports |
B /dditional number of WLs
8 - _
6 - _

Average additional number of resources

||||
0 2 4 6 8 10 12 14 16 18

Number of events after reconfiguration
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cin

Cost (unit)
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How often should we reconfigure?

Reconfiguration period (events)
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Comparing the Methods
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