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Project Objectives

O General Objectives:

1.

2.

To support a young researcher (Ph.D. candidate) in order to perform
cutting edge research in an area of high technological importance.

The student will obtain expertise that will be of great importance to
the Cyprus economy, as he will be trained on a key priority area of
Telecommunications Systems and Information Technology.

The results of this project will be utlized by Cypriot
telecommunications companies or Cypriot service providers to
better design their metropolitan optical networks for high data-rate
applications.

. The final software product developed in this project can be used by

interested parties as a research/design tool for real-life network
deployments.
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Project Objectives

 Main Technical Objectives:

1.

2.

Model the physical layer constraints in a metropolitan area optical
networks

Develop novel quality of transmission (QoT)-based MC/GC-RWA
techniques taking into account different node designs and network
engineering scenarios

Develop novel QoT-based MC/GC-RWA protection techniques to
create networks that are survivable from a single failure scenarios

Develop novel QoT-based grooming techniques for multicast and
groupcast connections in metro optical networks

Develop a software tool utilizing all the aforementioned novel
techniques and algorithms that can be utilized by a telecom provider
to better design, engineering, and deploy its fiber-optic network.
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Time Schedule (1/2)
" J

) D u R A T I 0 N {months)
Work-Package Number / Title

3 ] L] 12 15 18 Fal 24 27 30 33
WP1. Project Management AR AR A A A A A A A A A A A AR A A A A A AN A AR A

;”;ilgi“emi“ﬁ“””F’""F“F"“”ﬂ'i“"“f | x| f x| Lo P o Lo s P o [ e o [ e x| x| [ x| x| x

WP3. Development of algorithms for
routing and wavelength assignment of
multicast connections with physical Hl®|®| "X
layer constraints for metropolitan optical
networks

WP4. Development of algorithms for

routing and wavelength assignment of
protected multicast connections with ElX[X[X]X
physical layer constraints for
metropolitan optical networks

WP5. Development of algorithms for
routing/grooming and wavelength
assignment of multicast connections KX | X| X)X
with physical layer constraints for
metropolitan optical networks

WP&. Development of algorithms for
routing and wavelength assignment of
groupcast connections with physical KlX|X
layer constraints for metropolitan optical
networks

WPT. Development of algorithms for

routing and wavelength assignment of
protected groupcast connections with M RAR
physical layer constraints for
metropolitan optical networks
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Time Schedule (2/2)
" J

WP8. Development of algorithms for
routinglgrooming and wavelength
assignment of groupcast connections
with physical layer consiraints for
metropolitan optical networks

WP3. Development of a software
smulation tool for metropolitan area
networks fhat incorporates mulicast
ani groupcast connections

WP10.

Progress Reports Submitted to RFF
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Work Package 1:

Project Management (30 months)

] Deliverables

D1:Development of algorithms for routing/grooming and wavelength
assignment of protected multicast connections.

D2: Mid-project Report
D3: Development of algorithms for routing/grooming and wavelength
assignment of protected groupcast connections.
D4: Development of a software simulation tool.
D5: Final-project Report
d Accomplishments

All WPs (1-9) and deliverables (D1,D2,D3,D4 and D5) were successfully
completed

4 publications completed (1 journal paper and 3 conference papers)
with another 4 journal publications under submission/to be submitted.

Work was presented in three international conferences, including the
most prestigious conference on optical networks

A web site for the project has been set up.

Two seminars were organized in Cyprus where the project results were
presented
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Work Package 2:

Dissemination and Exploitation of Results
(30 months)
" J
Publications:

. G. Ellinas, N. Antoniades, T. Panayiotou, A. Hadjiantonis, and A.M. Levine,
“Multicasting Routing Algorithms Based on Q-Factor Physical Layer Constraints in
Metro”, IEEE/OSA Photonics Technology Letters, vol. 21, no. 6, pp. 365-367, 2009.

. T. Panayiotou, G. Ellinas, N. Antoniades, A. M. Levine, “Designing and
Engineering Metropolitan Area Transparent Optical Networks for the Provisioning of
Multicast Sessions”, IEEE/OSA Optical Fiber Communications (OFC) Conference,
San Diego, CA, March 2010.

. T. Panayiotou, G. Ellinas, N. Antoniades, and A. Hadjiantonis, “Node Architecture
Design and Network Engineering Impact on Optical Multicasting Based on Physical
Layer Constraints”, in Proc. International Conference on Transparent Optical
Networks (ICTON), Munich, Germany, June/July 2010.

. T. Panayiotou, G. Ellinas, N. Antoniades, and A. Hadjiantonis, “A Novel Segment-
Based Protection Algorithm for Multicast Sessions in Optical Networks with Mesh
Topologies”, IEEE/OSA Optical Fiber Communications (OFC) Conference, Los
Angeles, CA, March 2011.
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Work Package 2:
Dissemination and Exploitation of Results

0 Under Submission/Preparation:

T. Panayiotou, G. Ellinas, A. Hadjiantonis, and N. Antoniades, “On the
Effect of Node Architecture/Engineering for Multicasting Based on Physical
Layer Constraints”, (Submitted to the IEEE/OSA Journal of Lightwave
Technology, 2011)

T. Panayiotou, G. Ellinas, A. Hadjiantonis, and N. Antoniades, “Multicast
Protection in Metro Networks Based on Physical Layer Constraints”,
(Submitted to the IEEE/OSA Journal of Optical Communications and
Networking, 2011).

T. Panayiotou, G. Ellinas, A. Hadjiantonis, and N. Antoniades, “Multicast
Grooming in Metro Networks Based on Physical Layer Constraints”, (under
preparation) (Scheduled for submission to the IEEE/OSA Journal of Optical
Communications and Networking, 2011).

T. Panayiotou, G. Ellinas, A. Hadjiantonis, and N. Antoniades, “Multicast
Provisioning Based on Physical Layer Constraints and PDL/PDG
considerations”, (under preparation) (Scheduled for submission to the
IEEE/OSA Photonic Technology Letters, 2011).

O A website is set up on which key results and project info are displayed

(http://www.eng.ucy.ac.cy/gellinas/MULTIOPTI.html)
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Work Package 3

Development of RWA algorithms for multicast connections with
PLIs (5 months)

0 Development of a Q-budgeting model for metropolitan optical networks.

O Development of a simulation code which performs the routing and the
wavelength assignment under physical layer constraints.

0 Development of 3 new routing techniques for multicast connections which
take into account physical layer constraints, such as:
BLT-Q heuristic
BLT-Q tolerance heuristic
Max Degree Node heuristic
And their performance was compared with 5 existing routing algorithms:
Steiner Tree heuristic
Shortest paths Tree heuristic
BLT heuristic
DAC heuristic
MHP tree heuristic
That take only power budget constraints into account.
O Development and examination of different Node Architectures and
Engineering Designs
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Introduction to Multicasting
" J

‘WDM networks: multiple lasers transmit several wavelengths of light (lambdas)

simultaneously over a single optical fiber. WDM has dramatically increased the
carrying capacity of the fiber.

MUX DMUX
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Introduction to Multicasting
" J

« In WDM Mesh Networks optical splitters must be used inside the
nodes to split the incoming signal to multiple output ports.

Ay
A

o
}\‘l

AN

* Multicast Routing and Wavelength Assignment Problem (MC-RWA):
* Routing: Construction of a light-tree that spans the source and the
destinations set.
‘Wavelength Assignment: A wavelength must be assigned to the light-tree.

*Multicast requests are blocked if there is no available wavelength for the
entire tree.
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Q- budgeting model

We are interested in the Bit Error Rate (BER).

As the BER is a difficult parameter to evaluate, we can derive the required system Q
factor for a target BER using the following equation:

-Q

1 Q e?
BER = —erf ~

2" C(\Ej QV2r

The Q parameter for a system is calculated often in dBs so we use the following
definition for QdB:

QdB = 10'09 (Qlinear)

The value of the Q factor can be calculated using Equation:

|1_ Io
O.7 0y

where o; is the sum of the variances of the thermal noise, shot noise, various
components of beat noise, and RIN noise.

Q=

2 2 2

2 2 2 2
Oi “O 0 O shorsi TO ase-nse T O s_nse—i T O rin-i T O ase—shot
NMENEK ENIZX/0308 Final Project Report, 9 November 2011



Node Architecture and Engineering

design

O Several Node architectures and Engineering Designs were
investigated to determine the impact of the physical layer :

1X(M+1) Mx1 fiber

DMU X splitter switcl:l MU X
AL Ay Ay
1
AL Ay Ay
M
PRE-AMP POST-AMP
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Node Architecture and Engineering
designs

" N

1. Fixed Txs/Rxs: 1. Tunable Txs/Rxs:
DMUX 1X(M+1) splitter (mmnlﬁhsrmh MUX OMUX 1XMH) spliter (Z)CM)H'IIﬁbermib:ll MUX
A,y Ay 4 .
"
B S—
+
POST-AMP ’
PREAMP . FOST-AMP
Mgalas\
i T onp oo ,
XM} spliter— @) switch
Rx].. [Rx ... [Rx]..[Rx] [Rx switch m
Ay ‘k"z 4, Ay 4, . 4, = ...
- FNIWET AR, I 14
~ NXM AR, TAy wy SRV S PN
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Simulation Results
" A

O Active splitters.

o 04

4 7 10 13 16 19 22 25

multicast group size
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Work Package 4

RWA for protected MC connections with PLIs
" J

 Development of a simulation code that performs the
routing/protection and wavelength assignment under
physical layer constraints.

O Development of novel protection techniques for multicast
connections taking into account the physical layer constraints:

LEVEL protection heuristic
PCH protection heuristic
Q Based PCH protection heuristic
And compared with existing protection techniques
MCH heuristic
MC-CR heuristic
Segment Protection Heuristic
SSNF heuristic
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Introduction to Protection
" A

* Protection techniques are used for the restoration of traffic in case of
a link failure.

* Fiber cuts occur often and are the predominant form of failure.

O d1

C >&( >—>< O a2
source

© d3

« A fiber cut (link failure) may jeopardize the entire multicast session
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LPA Algorithm
" J

° ° Level 0

o Level 1

o‘ o ° Level 2
o 0 G Level 3

e ° Level 4

Segmentation nodes, levels
and level segments are
identified
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LPA Algorithm
" J

\ L(1,2)
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Simulation Results

——MCH
——MC-CR
—4—SP
—e—LEVEL
—a—SSNF
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oS R e
" Vi L
2ot f 7
§0’5 [y eyl
204 / /
X 03 ’ a4
02 J // // //'
PP
4 I 10 13 16 19 22 25

multicast group size
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Work Package 5
RWA with grooming under PLIs

1 Development of three simulation codes that perform the
routing/grooming and wavelength assignment under
physical layer constraints.

Logical First Hybrid Routing (LFHR)
Physical First Sequential Routing (PFSR)
Routing on Hybrid Graph (RHG)

 Development of novel traffic grooming techniques for
multicast connections:

Grooming with Maximum Overlapped Lightpath (GMOL) heuristic (for
LFHR and PFSR simulation codes).

Minimum free Capacity First (MCF) heuristic (for RHG).
Maximum Overlapping Light-Tree First (MXOLF) heuristic (for RHG).
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Introduction to Grooming
"

« Grooming Techniques increase the bandwidth of the network.

. Cf?nnections use only a portion of the bandwidth that a wavelength can
offer.

« Grooming refers to the techniques that are used to multiplex low-speed
traffic streams onto different high-speed wavelength channels.

« Example: If we have a wavelength with capacity 100Mbps, then two
connections with capacity 50Mbps can be groomed onto the same
wavelength.

* Routing/Grooming of the new multicast requests can be divided into to
categories:

Logical Routing
Physical Routing
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Introduction to Grooming &é‘

Logical Layer

Physical Layer




Logical Layer

Hybrid Graph

Physical Layer



Simulation Results

"
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Simulation Results
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Work Package 6

RWA for GC connections with PLIs
" A

O Development of a simulation code that performs the routing and
wavelength assignment of groupcast requests under physical layer

constraints.

O Development of three groupcast routing algorithms:
Light-Trees heuristic
Light-Paths heuristic
Linear Light-Trees heuristic
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Introduction in Groupcasting

" N

Groupcast Set {1, 2, 3, 4}

Light-Forest
{1,2, 3, 4} {2,3,4,1} {3, 2,1, 4}
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Simulation Results

‘With PLIs

——Light Trees

—8—Light Paths

——LinearLigth
Trees

Blockina Probabilitv

4 T 10 13 16 19 2 2

Groupcast group size
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Work Package 7

RWA of protected GC connections with PLIs
" J

 Development of a simulation code that performs the
routing/protection and wavelength assignment under
physical layer constraints.

 Development of a novel protection technique for
groupcast connections taking into account the physical
layer constraints:
LEVEL protection heuristic

* And compared with existing protection techniques

Segment Protection Heuristic
SSNF heuristic
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Introduction ‘é‘b‘[

"

Groupcast Set {1, 2, 3, 4}

\'/

Light-Forest
{1,2,3,4) {2,3,4,1) {3,2,1, 4 {4, 2,3, 1}
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Simulation Results
" A

07 |

Pr. blockin

4 7 10 13 16 19 22 25

multicast group size
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Work Package 8

Routing/Grooming and WA of GC connections with PLIs

« Development of a simulation code that performs the
routing/grooming and wavelength assignment under physical layer
constraints.

Physical First Sequential Routing (PFSR)

 Development of novel traffic grooming techniques for groupcast
connections:
Grooming with Maximum Overlapped Lightpath (GMOL) heuristic.
GMOL heuristic with constraints on the number of hops.
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imulation Results
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Work Package 9

Development of the MULTIOPTI software simulation tool that incorporates
multicast and groupcast connections
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Summary

Several novel and noteworthy results were obtained during the
implementation of WPs 3-9 including:

Novel QoT-Based MC/GC-RWA algorithms

Novel node design and network engineering approaches

Novel QoT-based protection techniques for MC/GC connections
Novel QoT-based grooming techniques for MC/GC connections

No major problems were observed during the implementation of the
entire project

No deviation from the original timetable was experienced
Extensive dissemination of project results

Currently under discussions with a telecom company for the
utilization of the software tool
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Seminars

Multicasting with Physical Layer
Constraints in  Metropolitan Multicasting with Physical Layer

Optical Networks with Mesh Constraints in  Metropolitan
Topologies Optical Networks with Mesh

Topologies

Tania Panayiotou

KIOS Research Center for Intelligent Systems and Networks Tania Panayiotou
Dept. Electrical and Computer Engineering KIOS Research Center for Intelligent Systems and Networks

University of Cyprus Dept. Electrical and Computer Engineering
University of Cyprus

th
16" February 2011 181 April 2011
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Conference Presentations

i,w:yg BEYAH 4

e T

o
Designing and Engineering Metropolitan Area Transparent e
Optical Networks for the Provisioning of Multicast Sessions

T Panayiotou!, G. Ellinas’, N. Antoniades?, A. M. Levine?
1.Department of Electrical and Computer Enqineering University of Cyprus, Nicosia, Cyprus.

2 Department of Engineering Science & Physics, College of Staten Island/CUNY, New York, N, USA N Od e Arc h iteCtu re D es ig n a n d

Abstract: We invesiigate the probiem of designing and engineering metropolitan area oplical networks for the provisioning of mullicast sessions. The G-
factor for each session is taken into account, aming at ma:omizing the admitied nurrber of connections.

e Network Engineering Impact on

the Q-performance of the: connection is used during the provisioning phase where the multicast trees are set up. In our case, a G-threshoid of B
assumed which comespond to BER of 102

e '“ Optical Multicasting Based on
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Conference Presentations

A Novel Segment-Based
Protection Algorithm for
Multicast Sessions in Optical
Networks with Mesh
Topologies

T. Panayiotou, G. Ellinas, N. Antoniades, A. Hadjiantonis
Department of Electrical and Computer Engineering
University of Cyprus

March 09, 2011
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Journal/Conference Papers

Multicast Routing Algorithms Based on
Q-Factor Physical-Layer Constraints in Metro

G. Ellinas Semior Member IEEE, N. Ammmdm Member [EEE, T. Panayiotou, A. Hadjiantonis, and

Abstract—We use navel “Eght-tree balancing techniques™ to
investigate the problem of provisoning multicast seslons in
metrapolitan all-sptical netwarks. The Q-factar for every path of
a derived light-tree is calculated taking inte account several
physical layer constraints in the network and using a Q-
budgeting approsch. Basced an the above porformance, trec
balancing techniques are applicd to maximize the number of

Index: Terms—Multicasting, (-factor, routing, impairments.

L INTRODUCTION
ulticasting has been investigated since the early days
of optical networking [1,2], but has only recently
received considerable attention from the service id

M. Levine

connections. A byproduct of the sbove is that different
engineering of the physical layer produces different multicast
goup blocking, a strong indicator that a more refined
ineraction between physical and logical layer is needed for
multicast connection provision ing.

IL TREE BALANCING ALGORITHMS WITH PHYSICALLAYER
IMPATRMENTS

Constructing cost-effective light-rees (known =5 the
Steiner-ree problem) along with the wavelength assignment
problem for these light-trees is an NP-complete problem [1].
Evm though several helmsucs exist for solving the multicast
d (MC-RW A) problem [2,5-
T].d\ea! heuristics do not account for the physical layer

mainly because now many applications exist dﬂ can utilize

by the multicast comnections.
Fwdmmu when the physical layer constraint are

the multicasting feature. idth-intensi ions and
rich multimedia and real-time services are becmm\g very
populer in today's networks (e.g., vids real

in solving the MC-RW A problem, only the power
budget is considered [4,8]. This paper improves on these MC-

time online computer games, etc.) and unicast, nulticast and
groupcast traffic need o be supported. In these networks,
optical spliters can be used o split the incoming signal to
mn]up]e unput pnﬂx dm mb]mg a source node to establish
In thi a light-iree
is crested to serve a nmlticast request, which is a set of
lightpaths from the source toall the destination nodes.

In this paper we present novel light-ree routing approaches
thatuse physical layer constraints frough the Q-factor. Apart
from finding the minimum cost tree, our proposed technigues
calculate the physical performance of the sysem by
calculating Q-penslties for impairments and using a Q-
budgeting spproach [3], to investigate whether a nmlticast
connection should be admitted to the network. The new
routing fes use “tree ing iques™ for the
multicast sessions, aiming at maximizing e multicast
connections that can be admitted to the network. The work
presenied here expands the existing multicast routing
techniques that use optical signal power as the main optical
layer constraint [4]. We demonstrate that by taking mh
account fhe noise i in the network and
the (-factor as opposed to just fie optical power resuls in
significantly improved blocking probability for nmlticast
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RWA i by also including physical layer constraints
utilizing the Q-factor.

Tnitially, the algoritum finds a shoriest-path light-ree T that
spans the source and the destination nodes for each multicast
group. This work then extends the balamcad light-tree {BLT)
approach for power budget constraints [4] by wking into
sccount the Q-factor (balanced light-tree 0 [BLT Q.
Consider a light-tree, and let & denote the node with fhe
minimum Q-factor, and v denote the node with the maximum
Q-factor. The idea behind BLT_Q is i delete node u from T,
and add it back to the tree by connecting it to node v in the
path from source £ to node v. This results in an increase of the
Q-factor of node #, but it also reduces the Q-factor of all
nodes below node v in te tee. Therefore, this pair of
delewe/add operations is performed only if it does not reduce
the Q-factor of any node beyond that of nede . Thus, afier
each iteration of BLT_0Q, fhe Q-factor of the node with fhe
minimum vale is incressed. The slgorithm also ensures that
while the Q-factor of some other node(s) is decreased, it does
nntdeueasg beyond the previous minimmm value. As 2 result,

between the mini and i Q-factor
\m]ues ako decreases with each ileration. The balancing pant
of the slgorithm eminstes after a certain number of
iemtions. Note that if mose than a pair of nodes with the same
maxinum and minimum Q-factor exist, we let IV denote the
set of nodes with the minimum Q-factor and ¥ denote the set
of nodes with the maximum Q-factor. We then select the
shortest path amongst all the shortest paths that may exist
between any two nodes in sets U and 7.

As the BLT Q algorithm tends to create trees that have
more breadth than depth, it decreases the attenustion loss and
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Abstract: We fnvestizate the problem of designing and ‘metropolitan area optical networks for the

provisioning of multicast sessions. The Q-factor for each session is taken info account, siming af maximizing
the admitted mumber of connections.

1. Introduction
Advances in optical WDM petworking bave made i i icati such as
MMMMHmmmmmmmmmm widely

now many emerging spplicarions can poentially uilize the optical multicasting feature. In WDM networks
optical splitters can be used to split the imcoming siznal to nultiple cutput ports fms enabling a source node to
establish comnections with multiple destinations. In this case, a lighi-izee is created to serve a multicast request.
To investizate whether s multicast connection should be admitted to the network, apart from finding the
minimum cost ree, this paper considers a Q-budgeting approach as a metric on the physical performance of the
system. There exist several heuristics on finding these light-frees and this work presents “tree-balancing

techniques” aiming ar maximizing the multicast connections that can be admired to the network. It is shown
that different node design and engineering approaches s well s different system physical parameters produce
different nulticast group blocking results, a strong indicator that 3 better intersction berween the physical and
logical layers is needed for multicast connection provisioning in optical networks to be more effective. We forus
onthe ares network where such applications are currently aimmg traction.

L. Physical Layer System Modeling

We nrilize a rypical approach in physical layer system modeling where the required system Q-factor for a target
BER)sdxwedusmgﬂnaqmunn [1-23:

g-dinls where g = GGt G an T O G Tt

The above equation assumes a baseline system that includes amplified spentanecus emissicn (ASE) noise fom
the optical amplifiers and incorporates the sum of the variances of the thermal noise, shot noise, varicus beat
noise components, and RIM noise at the receiver m the form of o, A Q-budeeting approach that caloulares the Q
penalty due to each introduced impairment is then used as described in detail in [2] and references thersin that
results in 3 lower system ( than the ininal baseline. This approach provides a zood trade-off between accuracy
and computational complexity especially given the fact that thousands of connections are being routed in each
iteranon and mteraction with the physical layer is needed i each one. In a real system this inferaction happens
during the provisioning phase to decide whether a mmlticass connection will be admitted to the network or
rejected The modeling based on the Q-performance of the comnection is used during the provisioning phasa
where the multicast trees are being set up to decide whether a mmlticast connection will be admitted in the
network. If the derived Q for awy path on the calcnlated tree is below a pre-determined threshold, then the new
callmllbebludm\l]nmuse,aQ—(hﬁhuldulaidﬂﬁmnmdwhlnh(mmdsmBBR.ailo’"
ing for crossualk, and component aging is as described in [2].

3. Network Design/Engineering
This article expands on the work in [2), where the opnical node was mested as a “black box”, by examming
different node architectures, including cases with fixed or tunable transmitters (Tx)/receivers (Rx) (the mumber
ofmmmmmmsmbmgmﬂwmmmﬁwmgmsmmmmmmmof
wavelengths times the degree of the node). In this work passive splitters are used at each node (see Fig. 1) and
power is split a5 many times as the fan-out of the node plus one to account for the add/drop ports. Controllable
50As are used as gates to “cul-off’ power at owpuis where fe signsl is not destived for. All gates are
(mmdmgﬂmmmmaﬂmmnxmmmmdcmgnmmmmmmmnfﬂn
swiich. The effects of the described node desizn and proper system o the performance of multicast
algorithms have not been smdied before and provide a good insight info the interaction of physical and network
Iayers in an optical network. ngmlca)shmﬁnmngﬁmgnfmm(uufmmmmmlm
shows the node design when are assamed. For the latter, a switch is added at the add/drap ports
mmwﬂxmmwmmmmmmmm,mmmmm
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Abstract: Different node design architectures and node engineering approaches are considered for
fully-transparent metropolitan area optical networks for the provisioning of multicast sessions. A
number of mmlticast routing approaches are considered that take into account the physical layer
constraints. The goal of this work is to minimize the overall blocking probability in the network, while
ensuring that the provisioned mmiticast connections meet a prescribed bit error rate

1. Introduction
High-bandwidit 1 lications are b inz widely popular, finther driving the
I for next ion optical ks to support all types of traffic (umicast,
mlticast, groupeast) and all kinds of applications. Even though there is a large body of wark
on optical mnlucasung, ﬂns area |s recelvmg mnewed aftention from the service providers, as
the mumber of mul In these ks optical
splitters can be used in network nodes to spl].tthg incoming signal to multiple outputs, thos
enzbling the establishment of connections with multiple destinations [1]. In transparent
optical networks, a light-free is created to serve a multicast request, which is a set of
lightpaths from the source to all the destination nodes [2].
Recent wark on the problem of routing and wavelength assi (RWA) for p
mmlticast m optical i have meluded the mnclusion of physical
impairments to investigate whether 3 multicast connection should be admitted to the network,
apart from finding the minimum cost tree. In our previous work a Q-budgeting approach is
used as a metric of the physical performance of the system as described m [3]. In[lillbe
detailed design of the node architecture and the englneenngoft.he nodE mmmﬂ, m
arder to study the impact of physical impa on the p
this m’hde,weexpandun that wkbvm‘eshgmgﬂ:enodedeslgnandcmdmngnuds
with active or passive splitters, and nodes with various transmitter/recerver desizns.

2. Physical Layer System Modeling
Modeling of the physical layer 15 based on the physical path Q factor that 15 subsequently
used to caleulate the Bit Frror Rate (BER) of the system, a parameter that is difficult to
evahiate upfront [3,5]. This approach assumes a baselne system with various recerver noise
terms as well as Amplified Spontanecus Emission (ASE) nolse Tu mclude other common
physical layer impai snch as Ik, fiber nonl jon due to optical
filter concatenation, and PMD ameng others, 2 simple Q-budgeting approach is used as
described in [3]. We start from the Q-value for the baseline system and budget Q-penalties for
the various physical layer impairments present Thus, this approach enzbles a network
desizner to calculate the impact of physical layer effects, such as non-lnear effects,
po]anmonefﬂects optical crussm].k,ek‘_ in the design of an optical network without the
complex time-d h, thus enabling simulation repetitions that are
needed for system enginesting.
The ) penalty Qu associated with sach physical layer impairment in a system is exprassed in
dB and is calculated as the Qe without the impairment i place minus the Qg with the
impairment present. After the () factor is evahuated, the BER can then be calculated [S]. In
this work, a ) tlreshold is set for a specified BER. and the decision to provision a given
mmlticast connection relies on whether we are above or below the set threshold [6].

3. Node Archi and Node Engineering Designs
In this saction we present different node architectures and different node engineering designs
and examine the physical performance of the network nsing the Q-budgeting approach. We

A Novel Segment-Based Protection Algorithm for Multicast
Sessions in Optical Networks with Mesh Topologles
', G. Ellinas', N. indes', A. Hadji
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Abstract: This work examines protection of multicast sessions in optical networks wtilizing a
novel segment based algorithmn called Level Protection. Our proposed scheme exkibits i
performance compared to other segment-based multicast protection schemes.

cades: (D60.4230) Fibss optics and optical commmmications, Wetwesks; (060.425%) Natworks, multicast; (060.4261)
¥ ion 2nd restocation.

1. Introduction
High-bandwidih muliicast applications are becoming widely popular, further driving the requirement for next
gmmnmopnulnmm;msnwoﬂmtypesn(mfﬁc (nmust,mnlnust,anﬂgrmpcast)sndsﬂhmlsof
applications. Multicasting has been investigated in the research commmmity since the early days of optical
networking, but has only recently received considerable aention from the service providers, mainly becanse now
many emerging applications can potentially urilize the optical multicasting feature For sach applications to be
visble, it is important that the multicast fraffic is not only routed efficiently through the optical network but it is also
protectsd apainst any possible Esilures in the network

In transparent optical networks, a light-tree is created to serve a nmlticast request [1]. In these networks, optical
sp]merscanbensedmmurtnndzsmsn]nmemcummgslgmlmmﬂnp]emmls thus enabling the

of with dons [2]. An effective solution to the mmulticast routing problem

would be to calculate the Steiner Minimum Tree (SMT) between the source and destination nodes. However, as the
SMT problem was proven to be NP-complete, heuristics were developed to compute a multicast tree [3.4].
Drotecting a nulticast session against a link £silure requires finding alternate paths for all failure scenarios prior to
the occurrence of the faulr. Various approaches exist for multicast protection inchading path-, segment-, and cycle-
based techmiques. This work mwestigates the problem of segment-based protection of multicast connections in mesh
optical networks, as segment-based protection schemes are reported to have better performance than other known
schemes in terms of resource efficiency and blocking probability. The proposed algorithm is compared o segment-
based protection algorithms described in the literatura [5,6,7] and is shown to improve perfornmance compared to
previously published work. In crder to improve the resource utilization ratio and reduce blocking probability,
sharing techniques are also included in our algorithm (both self- and cross-sharing) as these are described in [8].
1. Multicast Protection
Several sagment-based protection schemes proposed in the Literamre [5,6] are based on the Conventional Segment
Protection (CSP) algorithm. Given a primary light-tree, CSP first identifies the segments on that hight-tree and then
attempts to derive a link-disjoint backup segment for each segment on the primary light-wee. Here, a sezment in a
primary light-tree is defined as the path between two segment points of the tree and sezment points are defined as all
the splitting nodes, the destination nodes, and the source node. Tn [7], a segment protection scheme called segment-
based protection with sister node first (SSNF) is proposed and its basic idea is to protect a primary light-tree using 3
set of backup segments, with higher priority to protect the segments from a splitting node to its children. In this
work, we propose a novel and efficient algorithm called Level Protection Algorithm (LP.4) that differs fom the
other segment-based protection algorithms proposed m the literatare in how the segments are identified.
2.1. Level Protection Algorithm Definitions
Segmentation nodes of a tree: Given a tree T, a vertex n €T is a segmentation node if 1t is the source oritis a
destination node of the nmiticast request. In Figure 1(g), the segmentation nodes are nodes 5, d,, dy, d,, d,, and d.
Segments of a tree: Given a tree T, a path between two sezmentation nodes is said to be a segment of the ree if the
path does not pass through any other segmentarion nodes of the free except the two end-nodes of the path. The
primary light-ree given in Figure 1(a) is divided to five primary segments, that are {5, 1, d,}, {d. ds}, {ds, di}, {ds
s}, {dy di}
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General Project Description

This project investigates the problems of routing, grooming, and survivability for transparent optical networks that support
unicast, multicast, as well as groupcast applications. In these transparent networks, where the signal stays in the optical
domain for the entire path, efficient routing and wavelength assignment of multicast and groupcast connections hecomes
extremely important especially in light of the multiple splits that the signal undergoes and the physical layer impairments
(crosstalk, dispersion, etc) that the optical signal encounters In the design of the algorithms the physical layer
impairments will be taken mto consideration during the provisioning of each application. The dgonthms designed will be
meorporated i a software amulation tool that can be utilized by network designers and researchers to design and evaluate
the performance of metropolitan optical networks when such applications are present. In this way, more efficient
networks can be deploved, thus lowening the cost of the network operation and the cost of the services offered to the
clients ofthe telecomumunications carriers and service providers.
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