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Declaration by the project coordinator

I, as co-ordinator of this project and in line with my obligations as stated in Article 11.2.3 of
the Grant Agreement declare that:

The attached periodic report represents an accurate description of the work carried out in
this project for this reporting period;

The project (tick as appropriate):

v has fully achieved its objectives and technical goa Is for the period;

[1 has achieved most of its objectives and technical goals for the period with
relatively minor deviations®;

[ has failed to achieve critical objectives and/or is not at all on schedule.

The public Website is up to date, if applicable.

To my best knowledge, the financial statements which are being submitted as part of this
report are in line with the actual work carried out and are consistent with the report on
the resources used for the project (section 3.6) and if applicable with the certificate on
financial statement.

All beneficiaries, in particular non-profit public bodies, secondary and higher education
establishments, research organisations and SMEs, have declared to have verified their
legal status. Any changes have been reported under section 5 (Project Management) in
accordance with Article 11.3.f of the Grant Agreement.

Name of Coordinator: Jean-Charles Point

Date: .16.../ .02.../ .2009

Signature of CoordiNator: ............ceeeiiiiiiiiriieeee e

1

If either of these boxes is ticked, the report $thoeflect these and any remedial actions taken.
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1. Publishable summary

http://www.diconet.eu

900 Duration: 01/2008 — 06/2010
m“ Total Cost: € 4,854,712
The Faleve Cove ReEwoik EC Contribution: € 3,198,874

Grant agreement n°216338

DICONET: Dynamic Impairment Constraint Networking f  or
Transparent Mesh Optical Networks

Partners: JCP-Consult SAS (FR) / Athens Information Tecbgyl (GR) / Center of REsearch And
Telecommunication Experimentations for NETworked m@aunities (IT) / Télécom ParisTech (FR) / Huawei
Technologies Deutschland GmbH (DE) / Interdisciiliinstituut voor Breedband Technologie, VZW (BEesearch
Academic Computer Technology Institute (GR) / Un$ity of Essex (UK) / Universitat Politécnica det&@lanya (SP) /
ADVA AG Optical Networking (DE) / Deutsche TelekoAG (DE) / Alcatel-Lucent Bell Labs France (FR) / EC
Telecom (IL)

Europe’s future communications networks promiseuster in a new world of business and
lifestyle-enabling capabilities — many of which kavot yet even been dreamed of. In particular, the
widespread use of broadband opportunities is vergortant in order productivity gains to be
achieved for the European economy. Among the cumpeorities of the European Union is to
support proper strategic frameworks for creatingiramovative knowledge-based marketplace,
where information and communication technologie€T8d) can be fundamental “tools” for
evolution, thus providing multiple benefits bothusers (corporate and residential) and the society
as a whole.

With its strengths in communication equipment, desj networks and eServices, Europe is well
placed in the world-wide race to define and develmnetwork and service infrastructures of the
future. However, Europe would like to further sgdren its position in this domain. The future
network infrastructures envisaged to be develogegaat of EU research efforts will need to be
highly dynamic, offering very high capacities toetss at low costs, and guarantee robustness,
resilience, trust and security compatible with rets and software service platforms reaching a
complexity and scale that are an order of magnigrdater than those of today’s infrastructures.

In full compliance with Europe’s vision of futureetwork infrastructures, the DICONET project
aims to a) provide ultra high speed end-to-end eotiwvity with quality of service and high
reliability through the use of optimized protocalad routing algorithms, b) propose a network
infrastructural scheme that can support a wide rditye of service attributes and requirements,
scalability, and intelligent managing schemes, r@bde networking with dynamic features, with
reconfigurability of resource allocation, througptimized protocols and routing, management and
QoS and d) guarantee robustness and network resilie

The key innovation of DICONET is the developmentalynamic network planning and operation
tool residing in the core network nodes, incorparptreal-time measurements of optical layer
performance into IA-RWA algorithms, and which igeigrated into a unified control plane. This
tool is the key enabler for networks capable ofom#ted, rapid network reconfiguration. This
feature of fast dynamic reconfiguration upon usenetwork request is fundamentally different
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from slow, planned provisioning and reconfiguratimed today. In addition, our dynamic approach
provides advanced network resiliency features noteatly available in today’s static networks.

The DICONET project is a 30-month project partiaflynded by the European Commission,

starting in January 2008 and ending in June 2010.

Main Objectives

We summarize here the objectives of the DICONETjegotp emphasizing on the work done and
results achieved during the first year:

1. Development of Impairment Aware RWA Algorithms

We performed a survey of the IA-RWA algorithms Ie tliterature (both offline and online): 100
papers were surveyed, algorithms were classified2& criteria, 12 algorithms (3 offline and 9
online) were re-implemented for comparison on commgound (reference networks identified in
T2.1: a national network, DT Network, and a Panpeam network, Geant2). We showed the
necessity for impairment awareness in RWA in transpt/translucent networks. This research is
published or under submission. We then developegrees of offline IA-RWA, using various
techniques (linear programming, genetic algorithheyyristics), compared them for blocking rate
and computation time, for the transparent case l[smaetworks); for the translucent case (larger
networks), we studied the regenerator placemenfRAléd approaches either combined (ILP; does
not scale well with network size) or separated (akstandard technique for each subproblem,
scales well with size). This research is publisbednder submission. Solutions for the online case
(development of multicost IA-RWA and IA-RWA algdrins in presence of spare regeneration) are
in progress. We submitted a draft to the IETF: fidb@rnstein-ccamp-wson-impairments-01”,
dealing with how the definition and characterizatiof optical fiber, devices, subsystems, and
network elements contained in various ITU-T recomdaions can be combined with common
control and measurement plane and path computat@nent technologies to support IA-RWA in
optical networks.

2. Optimum equipment (regenerators & monitors) plaement
Not addressed this year.

3. Study of failure localization algorithms to enale resiliency

We investigated monitoring requirements and teamigvailability in the context of a number of
applications, including failure localization. Wetdenined the necessity and needed characteristics
for power (per link and per channel) and channeledength monitors to localize faults in the
DICONET framework. Localization algorithms based wiormation provided by the afore-
mentioned monitors will be studied in Year 2.

4. Study of OPM/OIM techniques

We identified and described the most important maysffects to be considered throughout the
DICONET project; in particular, crosstalk and filmncatenation were found to be negligible at 10
Gb/s with 50 GHz grid spacing. Parameters to besidened and possibly monitored are BER, Q
factor, power (per link/per channel), wavelengtisNIR, channel accounting/routing state, residual
chromatic dispersion, PMD, amplifier noise and $iants. For each of these, monitoring solutions
were investigated, along with the required accuramyeasurement range, availability, cost,
acquisition time. In addition, we studied experitadly the Q-factor asynchronous and sampling
techniques. Polarization mode dispersion (PMD) nooimg was also studied in depth in this task,
using state-of-the-art equipment provided by ominpa, in the framework of the participation of a
partner within the IEC standardization body (IECC8§oup).

5. Development of fast and accurate modeling tools
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We defined and prioritized which monitoring inforiea will be made available to compute
lightpaths. A first version of a Q-Tool able to goate signals’ quality of transmission (QoT) was
released, along with a “signature” to allow abgtoac of the QoT computations and coordinate
work by all partners. In addition, we have showe thterest of a more realistic approach that
accounts for the uncertain knowledge of the phygiasameters and the uncertainty of the quality
of transmission estimator. This new approach ca&o guantify the reliability of the network
dimensioning results. Such a feature is of intef@sthe network designers and operators. We also
investigated the advantage to derive the chann&ROffom the power of the whole WDM comb
measured after each optical amplifier and the cblapowers measured in each optical network
node. This approach was shown more accurate thasithple OSNR estimate from component
specification but not as efficient as the directNBRSmeasurement above all for the transparent
connection the reach of which exceeds several leglsdsf km.

6. Experimental verification of the models

During the first year, we conducted experimentsciwiwill be used in particular to validate in Year
2 the Quality of Transmission estimation tool (aiated by “Q-Tool”), which was developed in
Year 1. Experiments with equipment compatible witie DICONET project were conducted to
evaluate the impact of several impairments as Egpeopagate. Experiments with equipment
compatible with the DICONET project were conducted evaluate the impact of several
impairments as signals propagate. Unlike with SMErf the transmission performance over LEAF
fiber is strongly related to the wavelength of ttleannel under study. For this reason, the
experiments were carried out for different wavetbeg The impact of receiver characteristics (in
particular, threshold) was studied analytically atal experiments, showing that a Gaussian+Chi-
square mixture for noise statistics is more aceutfaan the usual Gaussian assumption. In addition,
several 2R regenerations schemes were evaluatedoamgired. A new regeneration scheme was
presented and the improvement in signal qualityded by this regeneration device was assessed
both through simulations and experiments.

7. Realization of dynamic network planning tool

The planning/operation tool itself will be develdp@ Year 2 once a decision on the control plane
architecture is reached. However, we designed la lexgl design for the tool integration for two
versions of the control plane architecture.

8. Protocol extensions to enable an IA-control plaan

We defined interfaces between monitors and the f@émed Multiprotocol Label Switching
(GMPLS) control plane and the Network Managemergt&y (NMS). A schematic architecture
considered in the DICONET project is presentednigkinto account four control plane approaches
proposed in DICONET project: PCE model, signalingpdel, routing model, and hybrid
(signalling/routing) model. We analyzed the relasbips between monitors and control plane for
13 different application scenarios, covering refegvaspects of network operation. We defined a
unified functional architecture of the interfacesseéd on a middle-box that can aggregate and
temporarily store the information provided by thentors for dissemination using a common
XML format.

9. Verification of the DICONET tools, algorithms and protocols
Not addressed this year.
10. Dissemination of project results

The online presence of DICONET dates back from Mdnthrough a dedicated website which is
kept up-to-date: http://www.diconet.eu. A factshaetl a poster were produced and presented at
various events, in particular, FP7 events (Contiertameetings, Future Internet Assembly,
Meeting of future Internet cluster during Mobiler®mit, NEM summit). During the first year, 16
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papers,including 15 conferences, 1 journal, 9 peer-revitvemd 6 invited papers were presented or
accepted for a presentation in 2009. In additiolG@NET is sponsoring a technical session at the ®IND
2009 conference [Session 6: Provision and phydegr impairments (Sponsored by DICONET) and
chaired by Matthias Gunkel, Deutsche Telekom, Gagma

11. Techno-economic studies to support exploitatioof results

We analyzed the applications and services thatgpected to be deployed in a dynamic optical nétwor
Trends in the broadband market have been investigatorder to give an indication on how the aduptf
these applications and services may evolve in thmirgy years. Then the requirements from these
applications and services influencing the netwadhidecture have been analyzed. This preliminangst
will be completed by a more extended techno-ecoaainidy in Years 2 and 3.

Expected Impact

If EU takes the leadership in transforming the di@and networks as proposed by this project then
it will help to reinforce European industrial leadership in wired retworks. Based on the
DICONET innovative solutions, new bandwidth demadservices and service attributes will be
developed to take advantage of the optical layéelligence. This leaves no question that
DICONET will have a significant impact in tlservice development sectoin Europe.

The fact thafour global leaders in high speed network equipmentnanufacturing participate in
the consortium is a clear indication of the noveltyour proposed approach ate demand that
exist for such developmentsThemajor network operator that also participates in the consortium
has made clear to all other partners tin&t proposed solution is highly desirable for futue
network equipment deployments and network operationas it will significantly reduce the
capital and operational expenditures. The advast#gg our proposed solution will bring to the
telecom operators will translate in better serviagsality of experience and most importantly
reduced prices for end users who will be enablethd¢cease their productivity and improve their
quality of life.

These partners have commercial interest in promostandards in domains addressed by
DICONET. The DICONET project and its results arepeonted to contribute directly in the
definition of standards in the domain of high speedaetworking, with a focus on control plane
protocols and techniques standardization within @ical Internetworking Forum (OIF), ETSI,
ITU-T, and IETF.

Besides the direct impact to the market leaders dah@ partners in our consortium, our activities
will open unique opportunities to develop new ogltidevices for impairment and performance
monitoring, develop specialized software tools egldted technological advancements, which will
enable a sustainable growth in the ICT sectorThe technological advancements our consortium
will realize will helpspur the emergence of new SME companidhat will specialize on specific
technology aspects and will enable job creatiorosrEurope. All proposed solutions of the
DICONET proposal can be prototyped and become camatly available units. In this new
market sector, Europe can play a key role, sinceym@&D groups have already invested
tremendous research effort and have publishedfgigni results.

In this respect, DICONET will contribute signifidinto the realization of the goals and objectives
set by the renewed Lisbon agenda and the i2010pEaroUnion ICT policy framework. Fulfilling
these objectives, an extensive set of stakeholdérbenefit from the DICONET project, including
network operators, service providers, equipmentufsturers, and end-users.

Project Coordinator

Jean-Charles POINT, JCP-Consult SAS

Tel: +33 223 27 12 46, Fax: +33 299 27 77 82, Emadintjc@jcp-consult.com

Technical Coordinator

loannis TOMKOS, Athens Information Technology (AIT)

Tel: +30 210 668 2771, Fax: +30 210 668 2729, Emtm@ait.edu.gr
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2. Project objectives for the period

Objective 1: Development of Impairment Aware RWA Al gorithms

Objective 1 deals with the development of novel fmuand Wavelength Assignment (RWA)
algorithms that take into account the signal impamts (IA-RWA) and constrain the routing of
wavelength channels according to the variable phystharacteristics of the dynamic optical
network paths. Multi- and single-cost routing algons will be examined for both off-line and on-
line network planning purposes under both statat dynamic traffic and network conditions. The
algorithms to be developed will enable QoS routiagd SLAs fulfillment in high-speed
reconfigurable multi-layer optical networks. Cores@tions will be taken in the direction of
optimizing path setup times, while enabling mudtyér, multi-service provisioning.
Measurable resultscan be summarized as follows:

* QoS aware IA-RWA for static traffic and dynamicwetk conditions

* QoS aware IA-RWA for dynamic traffic and staticwetk conditions

* QoS aware IA-RWA for dynamic traffic and dynamidwerk conditions

» Feedback on related standardization bodies
The objective will be implemented bywP2 (task 2.2), WP4 (task 4.1 & task 4.2), WP7 (task 7.2).

Objective 3: Study of failure localization algorith ms to enable resiliency

Objective 3 deals with the study and developmerdffiéient failure localization algorithms based
on the received information by the network managensgstem to enable physical layer aware
protection/restoration schemes.
Measurable resultscan be summarized as follows:

* Failure localization algorithms for transparentwaks
The objective will be implemented bywP2 (task 2.2), WP3 (task 3.2), WP4 (task 4.4)

Objective 4: Study of OPM/OIM techniques

Objective 4 deals with the study of the capabditief optical performance and impairment
monitoring (OPM/OIM) techniques that enable: a)RAVA and b) fault localization.
Measurable resultscan be summarized as follows:
» Define capabilities and requirements of OPM tecbgias
» Feedback on related standardization bodies
The objective will be implemented bywP3 (task 3.1) and WP7 (task 7.2).

Objective 5: Development of fast and accurate model  ing tools

Objective 5 deals with the development of fast aocurate modeling tools that relate the network
characteristics to the performance of the transahitignals. These modeling tools should consider
recent advancements in transmission technologyrfewg modulation formats) and should take into
account issues that have not been explored inldetahe literature (e.g. EDFA and Raman
amplifier gain transients and gain tilt effects, PMand in case of managed-reach networks
incorporating regenerators the impact of jitter).
Measurable resultscan be summarized as follows:

* Models for the identification of the impact of tharious deleterious effects involved
in high speed networks
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The objective will be implemented byP3 (task 3.2).

Objective 6: Experimental verification of the model S

Objective 6 deals with the experimental verificataf the physical layer models that will be used in
the IA-RWA algorithms and the network planning tastudies will use the unique dynamically re-
configurable re-circulating loop facility at Resear& Innovation Labs that is used to prototype
next generation optical transport products for dtducent.
Measurable resultscan be summarized as follows:

* Experimental measurements that verify the validftthe assumptions on the models.
The objective will be implemented by/P3 (task 3.2).

Objective 7: Realization of dynamic network plannin g tool

Objective 7 deals with the development of a dynangtwork planning tool that could be used in
real time applications during the network operationsupport optimum network design and
engineering under dynamically changing traffic gtdssical network conditions. The tool will
integrate advanced physical layer models with nokalting and wavelength assignment
algorithms. It will serve as an integrated frameuwtirat considers both physical layer parameters
and networking aspects with optimize automated eoton provisioning in transparent networks.
Measurable resultscan be summarized as follows:

» A software tool that integrates (in real and noal-tene) information from physical layer
performance monitors and computes the network pghttsutilize the network resources in
the most efficient way.

The objective will be implemented by P2 (task 2.2), WP3 {tasks 3.2, 3.3).

Objective 8: Protocol extensions to enable an IA-co  ntrol plane

Objective 8 deals with the proposal of adequateresibns to existing protocols in order to enable
the realization of a combined (routing, path compan, signaling) impairment aware (IA) control
plane solution that will address traffic enginegrimesiliency and QoS issues and will support
automated and rapid optical layer reconfiguratibhe protocol extension will enable automated
routing of traffic demands, efficient utilizatior wetwork resources and fast network restoration.
Measurable resultscan be summarized as follows:

» Proposed extensions to the GMPLS protocol suitedbze an IA control plane

* Implementation of the proposed extensions in theP&S!protocol stack

» Provide feedback on related standardization bodies
The objective will be implemented bywP2 (task 2.3), WP5 (task 5.1, task 5.2), WP7 (task 7.2).

Objective 10: Dissemination of project results

Objective 10 deals with dissemination activitieshaf project visions and results and has significan
importance in the DICONET project since we reattzat in order to make the DICONET vision to
become a reality in the future, information abdwe proposed changes must be brought out to the
research community and the decision-making actotisd market.
Measurable resultscan be summarized as follows:

* Adissemination plan

* Publications in high quality journals/magazines

* Presentations in high quality conferences/workshops

* Web-site establishment

RICONET Page: 10 of 52 10
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The objective will be implemented by P7 (task 7.1).

Objective 11: Techno-economic studies to support re sults exploitation

Objective 11deals with techno-economic studies that will supgoe exploitation of project results
by equipment manufacturers, telecom operators eadeaic partners (with the goal to create SME
companies as spin-offs out of their participatialgd).
Measurable resultscan be summarized as follows:

* Results of the techno-economic study presentingtiperiority of DICONET solutions
The objective will be implemented bywP2 (task 2.1) and WP7 (task 7.3).

3. Wark progress and achievements during the period

3.1  WP2 — Network architecture and support studies

Workpackage number | 2 | Start date: M1- End date: M16
Activity type RTD
WPL IBBT

Task 2.1: Development of dynamic optical networdh@ectures [AIT]
Task 2.2: Investigation of planning and optimizataspects in dynami
Sub-tasks optical networks [UPC]

Task 2.3: Investigation of techniques for disseminatimipysical
impairment info across the netwoi®rpate-NET

(¢)

D2.1 - Definition of dynamic optical network arabitures [M6]

D2.2 - Planning and optimization aspects of dynaoptcal networks
Deliverables / Y1 [M12]

D2.3 - Description and analysis of techniques figs@minating physica
impairment info across the network [M16]

M2.1- Identification of network scenarios and pbksi routing
approaches to be included in the studies of tbpgsal [M06]

M2.2- Recommendations on dissemination physical aimpent info
across the network [M12]

Milestones / Y1

Participant MM expenses — Total Project (TP) / Cmulated expenses Year 1 (CE)

JPC AIT C,Leéée' ENST Huawei IBBT RACTI
TP | cE| TP|] CE| TP|] CH TH <CE TP CE TP dE TP CE
] i 6 | 410, 7| 638 5 5 8| 655 15 975
UEssex UPC ADVA DTAG ALF ECI TOTAL

TP | CE| TP| CE| TP| CE TP CE TP CE TP CETP CE
. - 6 5,35 1,5 1,20 6 50 11 10,32 5 570,50 | 58,75
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According to the Annex |, the objectives of WP2 tiNerk architecture and support studies” are as
follows:

» Identification of dynamic optical network architeds and their evaluation with respect to
planning and optimization processes

* Analysis of techniques for dissemination of phykigapairment information across the
network.

 To evaluate efficient failure localization algomnts for use in existing network recovery
techniques

* Provide reference network architectures (netwopokagy, characteristics and traffic demands)
to be used in simulation studies that will tarde¢ evaluation of the various algorithms and
tools to be developed in other WPs.

During the kick-off meeting, the workplan has bekscussed in more details for, e.g. clarifying
where the responsibility of one workpackage startd of another ends. Following clarifications
were made:

* Regarding monitoring of physical parameters, TZX2responsible for investigating what
parameters would be useful to monitor in the ideabe (specification of monitoring
requirements) and for what purpose. On the contfEyl is responsible for investigating what
would be feasible in terms of monitoring, takingpiccount practical limitations.

* In addition, it was decided that WP4 is responsibtethe development of new algorithms for
optimizing the monitor placement, whereas WP2 aersi a network with the locations of the
monitors given.

» Similarly, WP4 is responsible for developing neviogént failure localization algorithms, while
T2.2 surveys the current state-of-the-art in tlhisdin.

» As WP4 is responsible for the development of newRMWA algorithms, the study of T2.2 will
be based on a state-of-the-art IA-RWA survey. Gitrentiming of WP4, the work in T2.3 will
be based in first instance on this state-of-thestarly of T2.2, and later on (M20) an update of
deliverable D2.3 will be foreseen to incorporate tasults of WP4. In order not to slow down
the work in WP5, a first version of D2.3 will beliered in M16.

* It was also decided the DICONET project would fooansthe optical layer only and thus make
abstraction of the electrical layer above. This msethat by default a given demand will be
considered from the electrical layer; nevertheléssyes related to traffic grooming will be
investigated in (and only in) T2.2.

Based on these findings, the description of work been refined: WP2 objectives were kept as

initially planned; mainly the individual partner mtoibutions were refined according to these

discussions and decisions.

3.1.1 Task 2.1 Development of dynamic optical network ahitectures

Fulfils: objective 11— Techno-economic studies taipport results exploitation

Task T2.1 was active during the first two quartarthe project (January — June 2008). As planned
it resulted in deliverable D2.1 “Definition of dyméc optical network architectures” and reached
together with T2.2 milestone M2.1 “Identificatiorf aetwork scenarios and possible routing

approaches to be included in the studies of thpqza” in June 2008.

Task T2.1 started with an analysis of applicatiand services that are expected to be deployed in a
dynamic optical network. First of all, trends oktbroadband market have been investigated in
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order to give an indication on how the adoptiothafse applications and services may evolve in the
coming years. Then the requirements from thesaagtioins and services influencing the network
architecture have been analyzed: requirementdhkelwidth, QoS constraints and requirements on
availability/rerouting and failure localization.

Afterwards, a technology survey of data and conptahe technologies was made. OTN, (NG-)
SDH and Optical Circuit Switching (OCS) were pdrtle data plane technology survey. The need
for impairment aware routing in OCS networks wasodlighlighted. Regarding the control plane
technologies, the GMPLS and PCE related protocasevbriefly discussed before the routing
based, signaling based and PCE based models visyduced and where in the model extensions
would be needed to disseminate the impairmentelatformation across the network. Based on
this, recommendation on which technologies to adogtmodify were formulated.

Next, a list of available physical building blookss assembled, together with their characterization
in terms of different optical parameters like albdde power levels, attenuation, dispersion

characteristics, bandwidth, etc. Transmission §pdispersion compensators, attenuators, optical
(de)multiplexers, transponders, splitters and cengplfilters, wavelength selective switches and

optical amplifiers have been studied. Based on s@seral optical node architectures with varying

flexibility — and thus complexity / cost — have hgeroposed. Figure 1 below illustrates the base
reference node architecture to be considered witl@rDICONET project.
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Figure 1- base reference node architecture to be esidered within the DICONET project

Finally, several network architectures were diseds§his include: optical point-to-point networks,
ring networks and mesh networks (each of these arktarchitectures requiring an increasing
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complexity/flexibility of the adopted node architees). Based on previous studies highlighting the
marginal cost savings of shared protection/restorain all-optical networks, it was decided to
consider only dedicated protection in the DICONEIwork. For further studies in the DICONET
project, two reference network scenarios were defina generic national (German) network
consisting of 14 nodes and 23 links resulting ira@erage path length of 410 km / 2.35 hops (and
up to maximally 874 km / 5 hops); and a contineffpen-European) network consisting of 32
nodes and 53 links resulting in an average paththeof 2397 km / 4.12 hops (and up to maximally
7575 km / 11 hops).

3.1.2 Task 2.2 Investigation of planning and optimizatio aspects in
dynamic optical networks

Fulfils: objective 1 — Development of Impairment Avare RWA Algorithms,
objective 3 — Study of failure localization algathms to enable resiliency
objective 7 — Realization of dynamic network planimg tool

Task T2.2 was active during the whole first projgear (January — December 2008). As initially
planned, the work of this task resulted in delibdgaD2.2 “Planning and optimization aspects of
dynamic optical networks” in December 2008. As tiaisk performed an extensive state-of-the-art
IA-RWA study, it helped WP2 reaching its milestdvi2.1 “Identification of network scenarios and
possible routing approaches to be included in tiheiass of the proposal” in June 2008.

Several monitoring applications (including for exaen provisioning, protection/restoration or
impairment mitigation) exist for optimizing and plang dynamic optical networks. For this
purpose, T2.2 analysed the acquisition time andracy requirements on the Optical Performance
(Q-factor, BER) and Impairment (total and chanr@her, channel wavelength, OSNR, PMD and
residual CD, routing state, amplifier noise anchsrants) Monitoring (OPM and OIM) process for
different applications (see summarizing Table lowgl This analysis also resulted in a
prioritization of the parameters to be monitored am first indications where in the network to
monitor them. In addition to that functional requnrents (what is the role of the monitors at one
side and the control/mgmt plane at the other: jat side should trigger protection mechanism,
what side should validate/verify that the signahlgy meets the connection requirements) on the
interface between the control/management planettadnonitors have been specified per monitor
application.

Requirements on )
Rank| Type | Parameters - Goal Location
Time |Accuracy

Network provisioning,
restoration

Network provisioning,
restoration

OPM |Q-factor ~100ms| +10% To be defined (WP4 issue)

OPM |BER ~sec To be defined (WP4 issue)

Protection, impairment
mitigation, upgrading,
fault localization,
degradation detection

Protection, impairment
mitigation, network

2 OIM |Channel power| <50ms | +0.5dBm|provisioning, restoration, [By default in every OXC
upgrading, fault localization
degradation detection

By default in every link
(input and output), every
amplifier

1 OIM |Total power <50ms | £0.5dBm
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Protection, fault localization

Channel network provisioning, . :
3 OIM wavelength <50ms | +75pm restoration, upgrading, To be defined (WP4 issue)
degradation detection
By default NOT on every
_ Network provisioning, link, can be improved by
4 Gl OER 00 EdLble restoration using intermediate channe
power monitors or equalizers
Impairment mitigation,
5 | oM |PMD ~100ms| +50 |MEWOrK provisioning, To be defined (WP4 issue)

restoration, degradation
detection, upgrading

Impairment mitigation,
network provisioning,
6 | OIM |Residual CD ~100ms| 2% |upgrading, restoration, To be defined (WP4 issue)
degradation detection,
upgrading

7 | OIM |Routing state | absolutel absolute|All except upgrading

8 | OIM |Amplifier noise | ~min. | £0.5dBm|Upgrading To be defined (WP4 issue)
Amplifier _ , : : :
9 OIM transients ms Degradation detection To be defined (WP4 issue)

Table 1 - Monitoring priorities and requirements for network operation in DICONET

An impressive state-of-the-art study on Impairméware — Routing and Wavelength Assignment
(IA-RWA) algorithms has been carried out: algorigwpresented in more than 100 recent papers
have been reviewed and benchmarked against 28csietiieria/aspects (like whether linear/non-
linear impairments are considered, whether a cezgchor distributed architectures is considered,
performance metrics like blocking rates, computatione, etc.) and classified depending on
whether impairment information is taking into acobin the R and/or WA algorithms and whether
measures are taken to verify afterwards that tgeasiquality is sufficient and accordingly if
needed to adjust the result in order to meet tmmection requirements. Based on this analysis, 3
offline and 9 online algorithms have been seleeated tested. Within these tests it became clear that
even for a national (German) network an RWA takintp account the physical impairments
significantly improves the (blocking rate) performea, despite the fact that such a network only
spans a geographic region for which the distancessimaller than the longest reach that can be
achieved with current transmission systems. FigRréelow illustrates this by showing the
perceived blocking rate after the RWA step (onlgaamting for resource shortages) and after the
signal quality (Q) verification step. In the statiethe-art study on IA-RWA algorithms, T2.2 also
investigated how grooming algorithms may interagthvthe RWA algorithms: although both
algorithms can influence each other, it was deculi@ihg the kick-off meeting that this is beyond
the scope of the project (except T2.2 illustratimat they might be coupled).
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RWA and Q blocking vs. load (161)
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Figure 2- Monitoring priorities and requirements for network operation in DICONET

Another aspect investigated in T2.2 are algorittand techniques for fault localization. It was
concluded that spanning a network with monitorirygles is a very cost-efficient technique to
detect and often localize failures. However, a |Hsased monitoring system should
complement/replace the cycle-based technique tolvesany possible ambiguity in the failure
localization process typically identifying the ekéalure within a segment in the network (e.g.ptw
or more links chained to each other by degree 2%)0d

3.1.3 Task 2.3 Investigation of Techniques for Dissemitimg Physical
Impairments info across the network

Fulfils: objective 8 —Protocol extensions to enablan 1A-control plane

Task T2.3 became active after the first half proyear and will continue further in the second
project year. As initially planned, T2.3 will dediwv in M16 (April 2009) a first version of

deliverable D2.3 “Description and analysis of teages for disseminating physical impairment
info across the network”. However, as explainedvabor2.3 will provide an update of this
deliverable in M20 (August 2009), incorporating time simulations the RWA algorithm under
development in WP4.

As initially planned, T2.3 reached the milestone .RMM2Recommendations on dissemination

physical impairment info across the network” in Beber 2008. To reach this milestone T2.3

elaborated the different control plane architecutteat were introduced in T2.1: routing based
(making use of for example the OSPF-TE protocadnalling based (making use of the RSVP-TE

protocol) and PCE based control plane architectémeslisseminating the physical impairment

information. T2.3 also introduced a hybrid architee combine the signalling based architecture
with either the routing or PCE based architect@@sed on a qualitative comparison and an in-
depth investigation of the involved protocols, aswconcluded as recommendation in M2.2 that the
hybrid (signalling complemented with few modifiaais to OSPF-TE) based and PCE based
control plane architectures are the most relevianit@ctures to further investigate.

In addition to that, work on preparing and implemanp the simulation environments for both the
hybrid and PCE based architectures have started.
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3.2 WP3 - Development of a network planning tool for
dynamic traffic/impairments

WP3 Start date: M1 - End date: M16
Activity type RTD
WPL AIT

Task 3.1: Efficient optical layer impairment momitay [ECI]

Task 3.2: Network modelling studies to evaluategdffigiency of monitoring
[AIT]

Task 3.3 Development and evaluation of the netytakning tool [AIT]

Sub-tasks

D3.1- Network impairments in transparent networkd definition of
monitoring strategy [M09]

D3.2 - Results on impairments’ effects and evatumatiof the
Deliverables / Y1 monitoring requirements for the planned strategy nebnitoring
schemes [M12]

D3.3 - Design, development and evaluation of thievaek planning
tool [M24]

M3.1- Definitions of possible monitoring technolegi according to
network architectures [M04]

Milestones / Y1 M3.2 - Definition of network parameters and softev@tatforms to be
commonly used for the development of the networknping tool
[M12]

Participant MM expenses — Total Project (TP) / Cmulated expenses Year 1 (CE)

JPC AIT CILege' ENST Huawei IBBT RACTI
TP | cE| TP|] CE| TP| CH TH CE TP CE TP dE P CE
] - [ 22] 1298 - i - - 12] 975 - | 1B 1299
UEssex UPC ADVA DTAG ALF ECI TOTAL
TP | cE| TP| CcE| TP| CH TH <cE TP dEP| CE | TP | CE
- - - - | 185 7571 a5/ 18 16 12 18 140304 | 71,32

This work package aims at the development of a estywlanning tool to be used by operators in
order to estimate the network status and performara provide optimum lightpath planning
according to the network’s physical impairments dhd relative information received by the
network monitors. Work in the first year focusedtba monitoring and modeling requirements for
this planning tool (Tasks 3.1 and 3.2), and eaeyetbpment of a component of the planning tool,
the so called “Q-Tool” capable of estimating signagliality of transmission, has started early (Task
3.3).

Note that the development of Q-Tool is formallyTiB.3 (M13-24) but the experimental validation
takes place in T3.2 (M04-12); experiments havetexfabn a setup that is compatible with the
DICONET framework as defined and refined in WP2yedepment of a Q-Tool has started early,
however, validation will take place in Year 2 apat of T3.3. All other objectives have been
reached as planned and deliverables were on tinmelioe with the Commission requirements.
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Task 3.1 Efficient Optical Layer Monitoring
Fulfils: objective 4 — Study of OPM/OIM techniques

Task 3.1 was scheduled to last from M01 to M09hds now ended, with the release of a
deliverable (D3.1) on 30 September 2008 (on tifheyr subtasks were identified and completed:

T3.1.1: identification of key impairments and @Rt technologies for monitoring these
impairments

The key impairments can be found in Section 3 ofiDBxisting technologies for monitoring these
impairments are in Sections 6 (impairment moniwriechniques) and 7 (optical performance
monitoring techniques) of D3.1. Section 8 descridmsgeral applications of existing monitors.

T3.1.2: effects and limitations that physical impants introduce to the various network
architectures

This can be found in Section 4 of D3.1.
T3.1.3: system transmission experiments to evathatese of key monitoring devices
This can be found in Section 6.4.1 in D3.1 (in-b@&NR).

T3.1.4: identification of appropriate monitoring cteniques and examination of their
implementation feasibility

The evaluation criteria of monitoring technique® an Section 5 and a summary is in the
conclusion of D3.1.

The conclusions of T3.1 can also be found in eethlidrm in D2.2, Section 2.
Significant results:

The main impairments that arise in a transpareigh-hit rate optical network, such is the one
considered in the DICONET project, were thorougidgcribed and summarized in a table at the
beginning (Section 3) of D3.1. The most degradiffigots were identified, based on the limitations
that these impairments impose in 10 Gb/s transomssystems. From this study it has been
concluded that some impairments, such as the Gittacatenation and the in-band crosstalk have a
small impact in the quality of the received sigreahd, as a consequence, it is not necessary to
account for them in the QoT estimator and the datetion of the monitoring strategy. Based on
this analysis, the physical parameters that nedzktmonitored in order of ascending significance
and independently of the considered network stractvere presented in Table 8 (Section 4). An
extended study of existing and research-level impamt monitoring techniques (Section 6) and
optical performance monitoring techniques (SectiOnhas been performed, as well as the
evaluation of their performance, based on spedfiteria, such as the acquisition time, the
accuracy, the measurement range (Section 5). TfeetQr asynchronous sampling technique has
been studied experimentally and it has been coadiutiat it presents low speed and therefore
cannot be used for real time applications, conttarysynchronous sampling techniques, where
clock recovery is required. Finally, Table 22 ie tonclusion of the deliverable gives an overview
of the possible parameters that can/should be wrexii the required specifications that the
monitoring system should satisfy, in terms of aacyr speed etc, as well as the corresponding cost.

Task 3.2 Network Modelling Studies to Evaluate th&fficiency of Monitoring Schemes

Fulfils: objectives 5, 6, 7 — development of fastnal accurate modelling tools, experimental
verification of the models, realization of dynamimetwork planning tool.
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Task 3.2 was scheduled to last from M04 to M12hds now ended, with the release of a
deliverable (D3.1) on 15 January 2009 (in line witle Commission requirements; originally
planned M12, but deadline extended by 15 days &yCiimmission). Four subtasks were identified
and completed:

3.2.1: System experiment and numerical studiesh®revolution and formation of physical layer
impairments

This can be found in Sections 3.1 and 3.2 of D3.2.

T3.2.2: The performance of regenerators in transpanetwork links
This can be found in Section 3.3 of D3.2.

T3.1.3: Performance evaluation of existing and meswitoring schemes
This can be found in Section 4 of D3.2.

T3.1.4: Summary — The effect of impairments andothetical requirements for their evaluation
through monitoring schemes

This can be found in Section 5 of D3.2.

Significant results:

Experiments with equipment compatible with the DNIEX project were conducted to evaluate the
impact of several impairments as signals propadaiféerences between setups using SMF and
LEAF fiber were observed, with one metric (OSNR gl&y) varying with wavelength for the LEAF
setup but not the SMF setup. The impact of recetharacteristics (in particular, threshold) was
studied analytically and via experiments, showihgtta Gaussian+Chi-square mixture for noise
statistics is more accurate than the usual Gauassumption.

Several 2R regenerations schemes were evaluatedoamghred. A new regeneration scheme was
presented and the improvement in signal quality@ed by this regeneration device was assessed
both through simulations and experiments.

The asynchronous Q-factor monitoring technique gsed in D3.1 was further studied and a
technique to eliminate undesirable samples stemifnorg the asynchronous sampling was shown
and evaluated. The technique is applicable to DIEDNM the dispersion map is known or can be
measured.

PMD monitoring was also studied in depth in thisktausing state-of-the art, expensive equipment
provided by one partner. Accuracy of two technigues evaluated experimentally and shown to
be extremely high, although the method is in-bamdl lFence can be used only during maintenance
periods. This activity, as well as the previous/abronous Q-factor monitoring), was performed
by a partner in the follow up of the IEC standaatian body (IEC SG86C group).

Task 3.3 Development and Evaluation of the NetworRlanning Tool
Fulfils objective: 7 — realization of dynamic netwok planning tool

Task 3.3 is scheduled to last from M13 to M24. Esabtasks are identified:
T3.3.1: Definition and design of the dynamic netyvalanning tool

T3.3.2: Development of the network planning tool
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T3.3.3: Evaluation of the network planning tool

Because the network planning tool is central to @OINET, it was decided to start the design and
implementation of a part of it early. This is whyTAhas already spent 3.43 MM on this task. AIT
tackled the design and implementation of a so-@&al@-Tool”, which can assess the quality of
transmission of signals for already establishedcarfididate lightpaths in a transparent optical
network. The impairments included match the reaqu@ets of DICONET for 10 Gb/s with OOK
modulation. For the 40 Gb/s case with DPSK modoiatpreliminary studies including only ASE
noise have been performed.

Therefore, parts of T3.3.1 and T3.3.2 have beereaet. The Q-Tool will be validated in the first
few months of 2009, using the experimental datanfii@.2 (see T3.2.1), and thus T3.3.3 has not
started yet.

Significant results:

A milestone was published (as a preliminary versibthe deliverable D3.3 — July 2008), to state
what analytical models will be used to incorponalgsical layer impairments in the Q-Tool. A Q-
Tool was coded and its signature was releasedmiitiei DICONET project for other workpackages
to plan for compatibility accordingly. In additippreliminary architectures compatible with several
control plane choices (a centralized approach basddCE and a distributed approach based on a
hybrid signalling/routing architecture) that shdwe tinteraction of the network planning/operation
tool (the central component of DICONET) were definéPlease refer to Figure 3 and Figure 4 for
an illustration of each architecture.

The task started early, but this will have no imipad¢erms of resources/planning.

Network Planning/Operation Tool

L 2
‘ User Interface ‘ ‘ Application Interface (TE) ‘
! {
y A
Network Planning Network Operation
Core Engine Core Engine
A A
* \ 4 * * \ 4
Component Failure
Placement il GEsl Localization

PCE Manager
Routing & Signaling
(e.g. OSPF-TE, RSVP)
-> or > PCE Agents

Network Topology Traffic

Physical impairments Engineering PCE Protocol

Active connections  Database
(PLD) (TED)

Figure 3: Interactions of the network planning andoperation tool with other components designed in
DICONET project — Centralized/PCE control plane cag.
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Figure 4: Interactions of the network planning and operation tool with other components designed in th
DICONET project — Distributed/hybrid control plane case.
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3.3  WP4 - Development of algorithms

WP4 Start date: M7 - End date: M24
Activity type RTD
WPL RACTI
Task 4.1 - Impairment aware offine RWA routing afiultiple
connections [RACTI]
Task 4.2 - Impairment aware multi-constrain RWA @uS routing of
Sub-tasks individual connections [RACTI]

Task 4.3 - Optimization algorithms for componeraggment [ENST]

Task 4.4 - Failure localization algorithms to ematdsiliency [ENST]

Deliverables / Y1

D4.1 Offline Impairment aware RWA algorithms [M12]

Milestones / Y1

M4.1- Identify important network parameters thatsinbe considered

in the design of the routing and wavelength assertralgorithms for
QoS routing.[M09]

Participant MM expenses — Total Project (TP)/ Cmulated expenses Year 1 (CE)

JPC AIT Clilege' ENST Huawei IBBT RACTI
TP | cE| TP| cE| TP| cE T <CcE TP CE TP dE 1P CE
i - | 168] 41| - - | 28| 198 - |14 0ds 20 601
UEssex UPC ADVA DTAG ALF ECI TOTAL
TP |[ceE| TP [ cE| TP| cE| TP] CE| TP CE TP CE TP CE

- -1 6 | 35| -] - 3| 095 8 8| 11 1251048 | 43,92

WP4 focuses on the design, development and testingpairment-aware routing and wavelength
assignment algorithms for quality of service rogtiim particular, the main objectives are to design

develop and test:

v" Routing and Wavelength Assignment (RWA) algorithinash for the offline (static) and
the online (dynamic) case that take into accouetdignal impairments (IA-RWA) and
constrain the routing of wavelength channels adongrdo the variable physical
characteristics of the dynamic optical network path

v’ Strategies for regenerator placement with the goakst enable optimum performance at
minimum cost for a high-speed reconfigurable networ
v Algorithms for efficient failure localization, whicare based on physical layer information
received by the network management system.

These objectives were successfully achieved withafirst period’s plan.
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Task 4.1 Impairment aware offline RWA routing of multiple connections (M7-M12)

Fulfils: objective 1 — Development of Impairment Avare RWA Algorithms

Task 4.1 was scheduled to last from M06 to M1bak now ended, with the release of Deliverable
D4.1 on 30 December 2008.

In accordance with the Technical Annex of DICONEDject, Deliverable D4.1, addresses the
offline impairment-aware Routing and Wavelength igsment (RWA) task in optical WDM
networks. This corresponds to a static traffic acenwhere the set of connection requests that have
to be served are known in advance and the RWA tipasaare performed offline. The objective is
to assign routes and wavelengths to the demands & serve the given traffic matrix and satisfy
impairment constraints, while minimizing at the satitme some performance criterion of interest,
such as the number of different wavelengths uskd.main contribution of this deliverable is the
development of a series of novel impairment awbkeRWA algorithms that consider both linear
and nonlinear impairments and provide improved pdtwand physical layer performance. The
RWA algorithms developed take into account the @ualf Transmission of the lightpaths as
estimated by the Q-factor models developed in WP3.

Significant results:

The main contribution of deliverable D4.1 is therelepment of a series of novel impairment aware
(IA)-RWA algorithms that consider both linear andnfinear impairments and provide improved
network and physical layer performance. Most oséhalgorithms have already been accepted to be
published, while the remaining are in the submisgibase.

In Section 2 of D4.1 we presented new algorithmsstving the pure (i.e., without impairments)
offline RWA task with the objective of minimizindp¢ number of used wavelengths. In particular
we presented pure RWA algorithms that are baselhear program (LP)-relaxation formulations
and on Genetic Algorithms. Our results indicateat thoth approaches provide good solutions to the
pure RWA task in an acceptable (non-exponentiadg tirame.

In Section 3 of D4.1 we presented a number of noffhe IA-RWA algorithms for transparent
WDM networks. Considering physical layer impairneemt offline RWA is particular difficult,
since it involves the joint assignment of lightmatlo the connections requests, and interference
among the selected lightpaths cannot be avoided thecsolution has been found. In particular, we
presented two algorithms that are based on LP-a®tax formulations, an integer linear program
(ILP) algorithm, two algorithms based on Genetgoaithm (multi-objective and single objective),
and one heuristic algorithm that solves the offliradfic engineering task in a sequential manner. A
comparison of these algorithms was performed uretdistic network and traffic parameters, using
a common Q estimator tool (Q-Tool) developed wittiie DICONET project (Task 3.3). Our
experiments showed the applicability of these atlyors to real scale experiments and networks.
Figure 5 shows an example of the performance esbliained for some of the proposed algorithms
for the generic German network (“DT Network”) topgy.
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Figure 5: Comparison of the proposed algorithms undr realistic network and traffic parameters, in the generic
German network (“DT Network”) topology. Load equal to 1 corresponds to a traffic matrix where there isone
lightpath demand for each source-destination paira) The number of wavelengths used in order to achie zero
blocking. b) The running times of the algorithms.

Finally, in Section 4 of D4.1 we considered thdioéf routing and wavelength assignment task in
translucent WDM networks, where regenerators ase alailable, in the presence of physical
impairments. In such a network there is the add#iachallenge of choosing the connections that
have to be served using regenerators and the semjoémegenerators these connections are going
to use (the regeneration assignment or RA task)irWiially presented an ILP algorithm that jointly
considers the IA-RWA and the regenerator assignr(fRA) tasks. This algorithm was shown to
exhibit good performance, but, due to its compédaand heavy ILP formulation, it does not scale
well and is applicable only to small network sceémmr To overcome this drawback, we
decomposed the IA-RWA-RA task into its constituBA and the IA-RWA sub-tasks, and we
presented a series of algorithms to solve the RK tay transforming it into a virtual topology
problem. Then we use IA-RWA algorithms designed faansparent networks to route the
connections. Our performance results indicatedttieste algorithms can provide efficient solutions
to medium and large scale realistic networks urdatistic traffic and regeneration placement
scenarios with satisfactory execution times.

The research performed in Task 4.1 resulted innalbr@u of conference and journal papers.

Task 4.2 Impairment aware multi-constrain RWA for QoS routing of individual
connections (M7-M18)

Fulfils: objective 1 — Development of Impairment Avare RWA Algorithms
Task 4.2 is scheduled to last from M06 to M18.

In the context of this task, several online aldors are being developed. These algorithms will be
evaluated under common scenarios and their perfaresawill be compared in order to choose the
best performing ones.

In particular, we are developing two types of oalmulticost IA-RWA algorithms: one based on

parameters that affect impairments (number of lmwpthe path, path length, number of other paths
causing cross-talk, etc), and one based on norsaneas (sigma bound). The first type of algorithm
takes impairments into account indirectly (throwgipropriate parameters that affect impairments),
while the second type of algorithm takes impairmanto account directly (through an estimate of
the noise variance they create). The developmettieofulticost algorithm which is based on the
noise variances has finished and a related pagebden accepted for publication at the ICC 2009

RICONET Page: 24 of 52 24
FP7 — ICT—- GA 216338



009 PROJECT PERIODIC REPORT
DICONET_PeriodicReport_P1_WP1_011208_JCP_V1.0

The Future Core Network

conference. Rerouting connections, whose qualitirasfsmission performance deteriorates due to
the establishment of new lightpaths, were alsouatatl. We will extend this algorithm to function
in the presence of 3R regenerators (translucemtanks).

We have also started working on enhancing and sdppiffline algorithms (presented in
Deliverable D4.1) to consider the multiple coststloé links and we try to find a solution for
merging these costs, for the final (on-line) lighttp selection. Moreover, an online algorithm will
be proposed that, given a limited number of regnes at selected nodes, decides about the
lightpaths to be taken by a new (dynamic) connectiaking physical impairments into account, so
as to minimize the blocking probability. This alglbbm will be based on the PBR (Prediction Based
Routing) and theBBOR (BYPASS Based Optical Routing) concepts. Otbseline IA-RWA
algorithms in the presence of regenerators with &ks considered.

Furthermore, we are working on the accuracy ofQREool and on its sensitivity to uncertainties in
the actual values of the parameters involved. Wosk could also be useful in finding a safety
margin for the Q-factor that could be used by thine algorithms in making their decisions.

Significant results:
A milestone M4.1 was released on M09, identifyihg important network parameters that must be
considered in the design of the routing and wagtteassignment algorithms for QoS routing.

Since the task is in progress most algorithms ttensdevelopment phase. Performance results on
the sigma bound multicost online IA-RWA algorithimosv that its performance is promising for
the traffic scenarios it has been tested on.

Task 4.3 Optimization algorithms for component pl@aement (M13-M24)
Fulfils: objective 2 — Optimum equipment (regenerabrs & monitors) placement

Task 4.3 is scheduled to last from M13 to M24.

This task started earlier than planned in ordgoedorm some first investigations and to support
other workpackages. Doing so, we have performétraiure review on regenerators and monitors
placement. Moreover, we are developing a new hieejrisalled CORPAM (Cross Optimization for
Regenerator Placement and Monitoring), for routamgl regenerator placement with the double-
objective to minimize the total number of regenarmiand the number of regeneration’s sites. The
performance of this algorithm is under evaluation.

Significant results:

Most algorithms are still in the planning, devel@nh or the evaluation phase and thus no
significant results have been completed at thigesta

Task 4.4 Failure localization algorithms to enableesiliency (M13-M24)
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Fulfils: objective 3 — Study of failure localizatian algorithms to enable resiliency
Task 4.4 is scheduled to last from M13 to M24.

This task started earlier than planned in ordgoedorm some first investigations and to support
other workpackages. Doing so, we have performedeeature search on fault localization and
optical monitoring problems. Also, we implementediateger linear program (ILP), proposed in
the literature, that aims to define optimal monrtgrtrails in order to locate any fault or breakhie
network. Our goal is to test this program and stilndyability to integrate new constraints related t
physical impairments issues.

Significant results:

Most partners are planning their contributions wlsbme algorithms are still in the development or
the evaluation phase and thus no significant re$alve been completed at this stage.

3.4 WHP5 - Network Management and Control Protocols

WP5 Start date: M7 - End date: M24
Activity type RTD
WPL Create-NET

Task 5.1 - Definition of the interface between ntorg and the control plane
[UPC]
Sub-tasks

Task 5.2 - Implementation of modifications to G-MFLcontrol plang
protocols via emulated nodes [Create-NET]

D5.1 - Definition of interface between monitors aheé control plane

Deliverables / Y1 and requirementgvi12]

M5.1 - Definition and development of the interfametween monitors

Milestones /Y1 and the control plane [M09]

Participant MM expenses — Total Project (TP)/ Cmulated expenses Year 1 (CE)

JPC AIT Clilege' ENST Huawei IBBT RACTI
TP | cE| TP| cE| TP] cE TH <CcE TP CE TP dE 1P CE
i i 7 3 | 24| - ] - 11| 32 - i i i
UEssex UPC ADVA DTAG ALE ECI TOTAL
TP | cE| TP| cE| TP|] CcEl TH CE TP CE TP GETP | CE
8 | 374 9| 4| -| -| -| -| 3| 3| 4| 40566 28’9

According to the Annex I, the objectives of WP5 tinerk Management and Control Protocols”
are as follows:
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* To define the interface between monitors and thmgrobplane.

» To propose extensions to G-MPLS protocols (RSVPPBS.MP) for impairment aware
networking.

* To implement the modifications to G-MPLS contrchp protocols via emulated nodes.
* To port the developed protocol extensions insigetdéistbed activities.
These objectives were successfully achieved withigfirst period’s plan.

WP5 has two tasks - T5.1 dealing with “Definitioh the interface between monitors and the
control plane” which has started in M7 and endetit? and T5.2 dealing with “Implementation
of modifications to G-MPLS control plane protocela emulated nodes” which has started in M12
and will end in M24. Few changes were done to thekvpackages as discussed in detail in task
description below. Task 5.1 has successfully cotagland Task 5.2 is going inline with schedule.
Several important decisions were taken and areribescin detail in each of the task descriptions
below.

Task 5.1 Definition of the interface between monitrs and the control plane [M7-M12]
Fulfils: Objective 8 - Protocol extensions to enallan IA-control plane

With respect to the DoW, two major changes canigielighted.

UPC substituted ECI as leader of Task 5.1 in mohtduring the Darmstadt meeting. As a
consequence, UPC substituted Create-NET as ther edfitthe milestone M5.1 “Definition and
development of the interface between monitors dma dontrol plane” and deliverable D5.1
“Definition of interface between monitors and tlentol plane and requirements”.

UEssex patrticipated and contributed in this tastkh weference to requirements for Task 6.2 which
is lead by UEssex. UEssex contributed in interfg¢ire hardware accelerator to the control plane
architecture and proposed a solution to incorpothte reconfigurable logic hardware in the
interface between monitors and control plane.

The overall work performed during these 12 monsh®flected in D5.1.

The deliverable presents the definition of therfiaiges between Optical Impairment Monitor and
Optical Performance Monitor (OIM/OPM) and the Gettieed Multiprotocol Label Switching
(GMPLS) control plane and the Network Managemergt&y (NMS). A schematic architecture
considered in the DICONET project is presentednigkinto account all approaches proposed in
DICONET project: PCE model, signalling model, rogtimodel, and hybrid (signalling/routing)
model. This schematic architecture does not trgefine the DICONET architecture but its aim is
to highlight the location of the different interésc and their purposes. In particular, several
interfaces between various modules of the architecis defined to handle the management of
information from monitors.

An analysis on the relationships between OIM/OPM &®/MP for different application scenarios
is discussed. These scenarios were originallydiired in Deliverable D2.2. In that deliverable, for
each scenario the monitoring requirements in tesfrecquisition speed and accuracy are given to
accomplish the DICONET goals. In Task 5.1, we tryuhderstand when and what CP/MP and
OPM/OIM communicate with each other to obtain teeassary information. More emphasis is put
on the interworking between GMPLS-CP and OPM/OINtsifast actions must be triggered in the
CP.

According to these scenarios, 13 use cases ar@edeftovering all relevant aspects: e.g.
provisioning, fault localization, degradation deiec, protection, restoration, network upgrading,
and impairment mitigation. For each use case, iheot operations and messages interchanged is
presented.
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Finally, a brief background about general netwodnagement system is provided followed by the
sub-system definitions and descriptions. An examgleconventional network management
architecture adopted in the ECI network managemetwork element interface is illustrated.

Among these different interfacing protocols and agement systems, we define a unified
functional architecture of the interfaces based @nmiddle-box. The middle-box is a

software/hardware translator; its aim is to aggieegad temporarily store the information provided
by the OIM/OPMs, translate any protocol to stand&l language and deliver the information to

the CP/MP in continuous, periodical, or programradlvhe.

Task 5.2 Implementation of modifications to G-MPLS control plane protocols via
emulated

Fulfils: Objective 8 - Protocol extensions to enaklan IA-control plane

This task has started in December 2008. The olgeofithis task is to define extensions required to
GMPLS protocol stack and implement them in emutatemvironment. In the Ghent meeting
(September 2008), all partners agreed to use DRAGGH\Ware to be used for GMPLS protocol
extensions. DRAGON architecture is based on opamceoGMPLS protocols to leverage to
develop and demonstrate the power and flexibilftyybrid packet switched networks and circuit
switched networks and used for provisioning thenemtions across the domain boundaries. As
DICONET project is pursuing and extending sevelRES protocols, it was decided to make use
of existing software modules. The partners involied 5.2 have downloaded and got acquainted
with DRAGON software together with definition ofgtocol extensions. The major decisions taken
are 1) Create-NET will implement RSVP-TE based apph and minimal modifications to OSPE-
TE to arrive at hybrid approach. 2) IBBT is invgsting the PCEP approach in T2.3 and
Huawei/UEssex will further build on IBBT results darB) Huawei and UEssex will work on
centralized PCE based approach using OSPF-TE bagpoach. The work is going ahead
according to the DoW.

3.5 WP6 - Lab Experimentation, evaluation and testbed
Implementation

WP6 Start date: M16 - End date: M30
Activity type RTD
WPL UPC

Task 6.1 Experimental assessment of DICONET cosd&RC]
Sub-tasks

Task 6.2 Protocols Implementation on FPGA hardyadEssex]

Task 6.3 Network planning tools evaluation and expentation [AIT]
Deliverables / Y1 None
Milestones / Y1 None

Participant MM expenses — Total Project (TP)/ Cmulated expenses Year 1 (CE)

JPC AIT C,{fé‘f‘ ENST Huawei IBBT RACTI
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TP | ceE| TP| CcE| TP| CEl TH CcE TP CE TP dE TP CE
- - 4| of a4 - i : i i i i : i
UEssex UPC ADVA DTAG ALF ECI TOTAL

TP | cE| TP| cE| TP| CEl TH cCcE TP CE TP dETP | CE

23 [ 850 21| 1| 75 35 0 - | 6 - 69 | 95

Discussions about partner’s roles in WP6 were alumang the Paris kick-off meeting. The effort of
the different partners on the Tasks was revisedy Ome remarkable change was done: 3.5 PMs
from DTAG assigned to T6.1 in the initial DoW wer®ved to T6.3. Also the possibility to move
equipment from other partners to UPC Labs duringeerments was discussed. Some work about
the interactions between the three WP6 tasks vsasdaine.

Although no activities within WP6 were planned 003, some preliminary work has been carried
out, SO some resources have already been spestwbik mainly concerns the preparation of the
test-bed as well as a preliminary review of thdedént tasks in order to advance and prevent
possible problems during the active phase of WP6WA6 has to experimentally assess concepts
derived from other WPs, it is of capital importar@ving a clear vision about what is going to be
experimented. In this way, work plans for the défg tasks have been drafted and discussed, as
well as interaction with other WPs.

Next paragraphs show the work performed in eadh tas
Task 6.1 Experimental assessment of DICONET concepfM16-M26]
Fulfils: Objective 9 - Verification of the DICONET tools, algorithms and protocols

The initial preparation of test-bed has been cadroiat. Different issues have been revised. How to
integrate the OPM elements to the nodes has bedysad. Test-bed preparation for later inclusion
of WP3-WP5 results has also been done. Finallypgregion of procedures allowing the integration
of the different IA-RWA algorithms on the UPC caritplane has started.

Discussions and decision on the GMPLS stack todeel ((this issue also affects WP5, so Create-
NET actively participated in this discussions). UR& started working on the guidelines allowing
the access to its GMPLS stack in an easy wayalnitork on preparation of a C language source
code skeleton together with a set of libraries ¢togy, nodes, metrics, etc.), to allow DICONET
partners working on the UPC test-bed was done.

During the second half of 2008, UPC has startedkiwgr on the scheme of the planned
experimental scenario, and on the drafting of tkigeeted test-bed characteristics. A first draft of
the DICONET test-bed characteristics was delivéoedliscussion in October.

Task 6.2 Protocols Implementation on FPGA hardwar¢gM18-M30]
Fulfils: Objective 9 - Verification of the DICONET tools, algorithms and protocols

As an initial work, decisions on the Protocol Haadlev Accelerator (PHA) and software to be used
for DICONET have been taken. Below is a summarhefwork that had been done:
*  Work with WP5 regarding the PHA positing and itseiiaces in DICONET control plane
architecture. Result of this work has been ref@atewp5 deliverable (D5.1) and milestone
(M5.1).
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e Study outcome of WP3, WP4, WP5 with respect to dpemuirements and identify
potential processes in the DICONET protocols tlaat lsenefit from PHA

» Study and compare commercially available NetworcBssor evaluation board and FPGA
technologies suitable for WP6 (test-bed implemeéor it

* Obtain a suitable hardware platform for protocopiementation.

» Initial preparation of the hardware platform foofmcol implementation.

Furthermore a detailed workplan for this task hasnbprepared. The work in this task has been
split in three subtasks:

Task 6.2.1protocols requirements analysis for HW accelerator

We plan to identify and analyse processing intemsind time consuming processes of DICONET
protocols including Q-Tool, Online QoS-based rogtaigorithm and DICONET GMPLS stack.
This task specifically focuses on identifying tinceitical parts of process and protocols for
DICONET online algorithms.

Task 6.2.2 Design and implementation of the proto¢tardware accelerator

In this task, outcome of task 6.2.1 will be usedirtgplement most time critical parts of the
DICONET algorithms in a PHA based on advanced FRG& multiple embedded processors.

In the first year, this sub-task has focused onremtiflying and obtaining suitable Hardware
Accelerator platform for PHA implementation.

Task 6.2.3 Test the developed hardware prototype ithe UESSEX test bed and integrate the
prototype into the final test bed in UPC.

In this sub-task, outcome of subtask 6.2.2 wilubed first in UEssex optical test-bed to valid&te i
functionality and later in UPC in DICONET test-btal demonstrate and analyze the speed gain
achieved through HW acceleration.

Task 6.3 Network planning tools evaluation and expanentation [M24-M30]
Fulfils: Objective 9 - Verification of the DICONET tools, algorithms and protocols

This task will start on M24. First discussions abthe work plan have been carried out. The key
point has dealt with the integration of the Q-Taool the test-bed. The detailed work plan was
finished during second quarter of the first projgesr.
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3.6 WP7 — Dissemination & Exploitation

WP7 Start date: M1 - End date:M30
Activity type RTD
WPL ECI
Task 7.1 - Dissemination [JCP]
Sub-tasks Task 7.2 - Control Plane Extensions and StanddrdizgHuawei]

Task 7.3 — Techno-economic Issues [AIT]
D7.0 — Project fact sheet [MO]
D7.1 — Concept paper of DICONET [M12]

Deliverables / Y1

Participant MM expenses — Total Project (TP)/ Cwmulated expenses Year 1 (CE)

JPC AIT C,Leéée' ENST Huawei IBBT RACTI

TP | CE| TP| CE| TP| CH TH CE TP CE TP GE TP CE
25| 1,24, 7 | 1,99 2| 098 1 0 8 2,04 D g3 35 0

UEssex upPC ADVA DTAG ALF ECI TOTAL
TP | CE| TP| CE| TPl CH TH CE TP CE TP (dETP | CE
1 0,3 110306 2| 006 2 0,1 3 068 9 19%1 |9,82

WP7 aims at addressing the exploitation and disssion of the developed modules. The main
objectives are as follow:
v" Promote the project outputs through the partiaipaiin the technical exhibitions of major
optical conferences and symposium.
v Disseminate the project results though the pulidicatin scientific journals and magazines,
presentation in international conferences and vims as well as through lectures
presented in academia, industry and EU policy nsaker

v' Coordinate activities toward possible contributitmstandardization bodies.
Those tasks were successfully achieved withinfitisisperiod.

Task 7.1 Dissemination

First of all, the website (described in 6.1.8) hasn designed and delivered in January 2008, being
an important tool for the DICONET dissemination iaties. Other practical materials for
dissemination was the DICONET factsheet productod, at the same time, a general poster
presenting DICONET activities.
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As presented in the tables below, during this fysair, DICONET has been very active in
dissemination; further actions can be also poiotgd

 DICONET was active and duly represented in the BRjyanized events and technical
platforms activities
v' D1Concertation meetings in Brussels — [January ,3R608 and September 30 &
October 1]

v" First FP7 Future Networks Concertation Meeting usBels - March 11-12008

v' "Future Internet Assembly" (FIA): DICONET was preted at the BLED conference
[Slovenia -April 1st - 2nd, 2008], DICONET being eorproject signing the Bled
declaration. DICONET was also represented at Madeeéting (9-10 Dec 2008) and a
paper has been submitted for the Prague meeting 201@9)

* During ECOC 2008, a workshop called “All-Opticalrses OEO Networks” has been
organized under the auspices of EU Network of Hgnee BONE and the support of EU
projects TRIUMPH & DICONET

* Representation at the Meeting of future Internaster during Mobile Summit (Stockholm,
June 10 to 12, 2008)

» Diconet had also its poster presented in NEM Sun(@aint-Malo- October 2008).

» All partners contributed in the writing of a Prdgslease that can be found on the partners
websites, as well as on the Cordis website; inteddiindependent publications expressed
their intention to relay information about the DINET project when results are
concretised.

* A "concept-paper" which summarizes the essencé®ICONET project in around 10
pages was submitted for publication in the IEEE @umication Magazine in August 2008
and is currently under review. An updated versibthis paper was submitted to the Future
of the Internet conference organized in Prague iy 009 with the support of the
European Commission. This updated version was rifenmatted into a deliverable, D7.1,
which was delivered on December 24, 08.

« During the first year, 16 papericluding 15 conferences, 1 journal, 9 peer-revidveed 6
invited papers were presented or accepted forseptation in 2009 (s&&ble 2below)

* In addition, DICONET is sponsoring a technical g@ss&t the ONDM 2009 conference [Session 6:
Provision and physical layer impairments (SponsdmgdDICONET) and chaired by Matthias
Gunkel, Deutsche Telekom, Germany [http://www. loigutu-
bs.de/noncms/ondm2009/scheduleffinal_program.php]

Paper title/ Tutorial Name of journal, Wl 1 Ref?
Authors : pages, Date
title conference, etc. | . (Y/N)
ocation
Network Planning fof OFC/NFOEC 2008
Dynamic Impairment Planning Tools fol
Constraint Optical Transparent
[.Tomkos Networking: The| Optical and| N/A 24 Feb. 08 N
Activities of | Multilayer
DICONET EU | Networks (OsUc
Project. Workshop
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AT Paper tit!e/ Tutorial Name of journal, Vs;égg," Date Ref?
title conference, etc. | ) (Y/N)
ocation
|.Tomkos, Dynamic Impairment ICTON 2008( Vol. 1, pp. 6-| 22-26 Jung
S. Azodolmolky, Aware Networking for (Conference) 12. 08, Athens,
D. Klonidis, Transparent Mesh Greece y
M.Angelou, Optical Networks;
K. Margariti Activities of EU
project DICONET
T. ZAMI Robustness of Quality ICTON 2008 TuB1.3, 22-26 June
of Transmission 2008,
Estimators for ICH Athens,
RWA Greece N
to Uneven Channel
Powers in Core
Optical Networks
D. Monogios, On the use of geneticlCTON 2008 Vol 3., pg 22-26 Jung
K. Vlachos algorithms for solving 154-157 2008,
the RWA problem Athens,

. Y
employing the Greece
maximum quantity of
edge disjoint paths

K. Manousakis, Avoiding Adjacent| CNSDSP 2008 pp. 552-556| 23-25 July
K.Christodoulopoulos,| Channel Interferencg 2008, Graz Y
E. Varvarigos in Static RWA Austria
K.Christodoulopoulos,| Comparison of IEEE ONO04W1-2 | 30 Nov. — 3
K.Manousakis, Routing and GLOBECOM 2008 Oct, New
E. Varvarigos Wavelength Orleans, v
Assignment U.S.A.,
Algorithms in WDM 2008
Networks
T. Zami, The relevant impact of ECOC 2008 Paper 24 Sept.
A. Morea, the physical Wed.3.D.2, 2008
F. Leplingard, parameters Brussels,
N. Brogard uncertainties when BELGIUM N
dimensioning an
optical core
transparent network
I. Tomkos, Impairment Aware ECOC 2008 Vol.3, pp 183-24 Sept.
S.Azodolmolky, Networking and 186, 2008
M. Angelou, Relevant Wed.3.D.1,
D. Klonidis, Resiliency Issues in Brussels,
Y. Ye, All-Optical Networks BELGIUM N
C.V. Saradhi,
E. Salvadori,
A. Zanardi,
R. Piesiewicz
K.Christodoulopoulos,| A Multicost Approach | IEEE ICC 2009 To appear Jun 14-18,
K. Manousakis, to Online Impairment- 2009,
E. A. Varvarigos Aware RWA Dresden, Y
M. Angelou, Germany
|. Tomkos
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title conference, etc. | ) (Y/N)
ocation
K. Vlachos A Service-Transparent IEEE ICC 2009 To appear Jun 14-18,
A. Siokis and Self-Organized 20009, N
Optical Network Dresden,
Architecture Germany
K. Vlachos, On the use of Multi- | IEEE ICC 2009 To appear Jun 14-18,
D. Monoyios, Objective 20009,
M. Angelou, Optimization Dresden,
I. Tomkos Algorithms for solving Germany Y
the Impairment
Aware-
RWA problem
S. Azodolmolky, An Offline IEEE/OSA San Diego, 24-26
Y. Pointurier, Impairment Aware | Optical Fiber| CA, USA March
M. Angelou, RWA Algorithm Communication 2009 v
J. Solé Pareta, and | with Dedicated Path| Conference
I. Tomkos Protection (OFC)
Consideration
K. Manousakis, Impairment-Aware IEEE INFOCOM| To appear April 194
K.Christodoulopoulos,| Offline RWA for 2009 25, 2009,
E. Varvarigos Transparent Rio De| Y
Optical Networks Janeiro,
Brazil
S. Azodolmolky A Survey on Physical | Computer Network To appear 2009
M. Klinkowski Layer Impairments journal
E. Marin Aware
D. Careglio, Routing and v
J. Solé Pareta, Wavelength
I. Tomkos Assignment
Algorithms in Optical
Networks
M. Yannuzzi, Performance of 13th International Braunschweig,| 18-20
M. Quagliotti, translucent optical Conference on Germany February
G. Maier, networks under Optical 2009
E. Marin-Tordera, dynamic traffic and Networking
X. Masip-Bruin, uncertain physical- Design and Y
S. Sanchez-Lépez, layer information Modeling (ONDM
J. Solé-Pareta, 2009)
W. Erangoli,
G. Tamiri
V. S. Chava Physical Layer IEEE To appear 2009
S. Subramaniam Impairment Aware Communications
Routing (PLIAR) in | Society  Surveys v
WDM Optical and Tutorials
Networks: Issues and
Challenges
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, . . Vol., no.
) k) t?
Authors Paper tlt!e/ Tutorial | Name of journal, pages, Date Ref~
title conference, etc. location (Y/N)
V. S. Chava Performance of IEEE/OSA To appear 24-26
A. Zanardi, Impairment Aware | Optical Fiber March
S. Dalsass, End-to-End Failure | Communication 2009 v
E. Salvadori and R._'?facnos"pe;?’e':t WOM Conference
Piesiewicz Optical Networks (OFC)
F. Leplingard, Interest of an Adaptive IEEE/OSA San Diego, 24-26
A. Morea, Margin for the Quality| Optical Fiber| CA, USA March
T. Zami, of Transmission Communication 2009 v
N. Brogard E‘Ztgppaagﬁn for Conference
i
Establishment (OFC)
S. Azodolmolky, On The Offline 13th International 18-20
M. Klinkowski, Physical Layer Conference on february
E. Marin, Impairment Aware Optical 2009
D. Careglio RWA Algorithms in Networking
CnlA. Dare Transparent Optical | Design and Y
‘\J(' i(())lientzﬁreerta’ Networks: State-of- | Modeling (ONDM
‘ ’ the-Art and Beyond | 2009)[invited
M. Angelou, aper]
I. Tomkos pap

Table 2 - List of published papers/ tutorials or acepted for publication / presentation

Task 7.2

Control plane extensions and standardizain

The current status of the IETF standards relat@l@ONET project has been surveyed. The below
table lists some of the drafts on wavelength swedicbptical network and their status in IETF. In
general, the scopes of these drafts can be ckddgiito two categories: routing and wavelength
assignment (RWA) and impairment aware RWA (IA-RWAhose drafts in the RWA category do
not consider the physical impairments in the optregworks, while those drafts in the IA-RWA
category consider impairment aware RWA for theagbtcontrol plane. In the first category, three
drafts on RWA control framework, information mod®mid wavelength labels have become WG
drafts in IETF, which can help to facilitate theopess of control plane extensions considering
physical impairments. The other drafts are stiy@ng discussion or to be discussed. The progress
on control plane extensions considering physicgdaimments has to be synchronized with ITU-T
for the physical impairment models standardization.

draft-ietf-ccamp-rwa-wson-framework-00 RWA | WG
draft-ietf-ccamp-rwa-info-01 RWA - WG
draft-ietf-ccamp-rwa-wson-encode-00 RWA | WG
draft-lee-pce-wson-routing-wavelength-03 RWA Indival
draft-bernstein-ccamp-wson-signaling-03 RWA Induadi
draft-bernstein-ccamp-wson-impairments-01 IA-RWA* Individual
draft-bernstein-wson-impairment-info-00 IA-RWA Ivetlual
draft-martinelli-ccamp-opt-imp-fwk-00 IA-RWA Indidual
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draft-ali-ccamp-rsvp-te-based-evidence-collectian-O|{IA-RWA Individual

draft-martinelli-ccamp-optical-imp-signaling-01 IRWA Individual

One draft from the DICONET project has been suladitto IETF in Oct. 2008 named “draft-
bernstein-ccamp-wson-impairments-01”. This drafhfmout that the operation of optical networks
can require a higher level of detail in the chagazation of network elements, subsystems, devices,
and cabling not typically encountered with todagstworking technologies. In addition, these
physical characteristics may be important to carsduiring typical day-to-day operations such as
optical path establishment and connection monigpris well as during the network planning,
installation, and turn-up phases. Therefore, thraftddiscusses how the definition and
characterization of optical fiber, devices, subsys, and network elements contained in various
ITU-T recommendations can be combined with commamtrol and measurement plane and path
computation element technologies to support IA-RIWAptical networks.

In activities to WP3.2, Q factor monitoring techmég and PMD measurement techniques have
been analysed following the IEC SG86C related imtthpic;

1. IEC 61280-2-11: Fibre optic communication subsystest procedures, part 2-11: Digital
systems — Average Q factor determination using auaa histogram evaluation for optical
signal quality monitoring.

2. IEC 61280-4-4: Fibre optic communication subsysbasic test procedures, part 4-4 : Fibre
optic cable plant and links —Polarization mode éisppn measurements for installed links.

3. IEC 61282-9: Fibre optic communication system desigiides — Part 9: Guidance on
polarization mode dispersion measurements andyheor

The conclusions were reported in Deliverable 3.2.

Task 7.3 Techno-Economic issue

This task did not have significant activities dgyiviear 1.

The milestone M7.3 originally announced for M120oW will be provided in M24 as the task is
only starting at M16. As practical implementaticarsd experiments are expected to be ready or
done in the later period of the project, it wasided to evaluate the techno-economic impact of the
DICONET achievements and tools until the end ofghgject. Therefore, Task 7.3 will run until
M30.
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4. Deliverahles and milestones tables

TABLE 1. DELIVERABLES

Del Deliverable name i Due
no.. wp Lead Dllseflillﬁn de"very Delivered IZI(;:Ie\Ic:St Comments
no. participant | Nature date Yes/No Y
Annex | date

D7.0 | Project Fact sheet WP7 AIT R PU MOO Y /

D1.1 | Project web site and continuous update WP1 JCP O PUMO1 Y / www.diconet.eu

D1.2 | Project Reference Manual WPR1 JCP R GO MO3 Y /

D1.3 | Project Quality Insurance Manual WPR1 JCP R go MOQ6 Y /

D1.4 | Knowledge Management Guide WP1 JCP R ao MQ6 Y /

D2.1 | Definition of dynamic optical network architectures WP2 IBBT R PU MO6 Y / *

D31 Net'vv'o.rk impairments in transparent networks and WP3 AT PU MO9 v / .
definition of monitoring strategy

D1.5 | First year Annual Report WP1 JCP R PU M12 Y M14

D2.2 Planning and optimization aspects of dynamic optica WP2 UPC R PU M12 v / X
networks
Results on impairments’ effects and evaluatiorhef t

D3.2 | monitoring requirements for the planned stratefgy o WP3 AIT R PU M12 Y / *
monitoring schemes

D4.1 | Offline Impairment aware RWA algorithms WPR4  RACT] R PU M12 Y / *

D5.1 Definition of interface between monitors and thetcol WP5 UPC R PU M12 v / X
plane and requirements

D7.1 | Concept paper of DICONET WR7 AIT R PU M12 Y / *

*Remark: all the Public deliverables are availabledownload on the DICONET Website
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TABLE 2. MILESTONES

Milestone Milestone name Due date Achieved | Actual / Forecast Comments
no. From Yes/No achievement
Annex | date

M7.1 Dissemination of activites in the MOl Y / To be checked on http://www.diconet.eu
project’'s web site and continuous update

M3.1 Definitions of possible monitoring MO04 Y / preliminary version of the deliverable D3.3 +
technologies according to network July 2008
architectures

M2.1 Identification of network scenarios apd MO06 Y /

possible routing approaches to |be
included in the studies of the proposal

M7.2 Identification of possible contributions to MO06 Y /
standardization bodies and plans [for
dissemination

M5.1 Definition and development of the MOQ09 Y /
interface between monitors and the
control plane

M4.1 Identify important network parametgars M09 Y /
that must be considered in the desigr of
the routing and wavelength assignmgnt
algorithms for QoS routing

M7.3 Identification and agreement upon future M12 N M24 The milestone M7.3 originally announced fa
service requirements and demands pnd M12 in DoW will be provided in M24 as the
network model to be used in studies task is only starting at M16

under economic impact and customer
requirements
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M3.2 Definition of network parameters and M12 Y M1l Released as the “Q-Tool signature”,

software platforms to be commonly used containing required network parameters to
for developing the network planning toc compute Q factors. Software platform to be
decided by M16 when actual coding starts.

M2.2 Recommendations on disseminatjon M12 Y
physical impairment info across the
network
DICONET Page: 39 of 52 39
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9. Project management

WP1 Start date M1 - End date M30
Activity type MGT
WPL JCP-Consult

Task 1.1 - Project Organization and Management][JCP
Task 1.2 - Project Quality Management [JCP]

D1.1 — Project Website [M1]

D1.2 - Project Reference Manual [M3]
Deliverables / Y1 D1.3 - Project Quality Insurance Manual [M6]
D1.4 - Knowledge Management Guide [M6]

D1.5 - First year Annual [M12]

Sub-tasks

Participant MM expenses — Total Project (TP)/ Cmulated expenses Year 1 (CE)

JPC AIT Clileé‘ée' ENST Huawei IBBT RACTI

TP | CE| TP| CE| TP| CH TH CE TP CE TP GE TP CE
15 | 596 1 | 0,47 1 09 0% 039 05 0836 11 0,3 1 -

UEssex UPC ADVA DTAG ALF ECI TOTAL
TP | CE| TP| CE| TP CH TH CE TP GE TP GQETP CE
05| 045 1 0,4 1| 05 125 0B Q5 |- 1 0j12525 | 10,21

)

WP1 aims at addressing all the administrative arah€ial management of the project.
The main objectives are as follow:

v' To establish appropriate relationships and comnatinic channels with the funding actors
as well as between consortium partners,

v' To administrate the project resources, monitor dkerall project performances and
coordinate the several management tasks,

v' To secure the Risk management,
v" To report to the EU.
Those tasks were successfully achieved withirfitisisperiod.

5.1 Task 1.1 - Project Organization and Management
During this first reporting period, WP1 coordinatid financial, legal and administrative work
in the consortium.
Firstly, WP1 has addressed all the administratiatters relative to the launching of the project
ie.
- The distribution of the contract and Consortiugréement,
- The budget distribution (agreement and payment)
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- The installation of the Collaborative tool,
- The mailing lists,
- The templates of documents to be used duringribject time life.

Further to the emails exchanges requested by tihe atdivity of the project (assistance to
partners), WP1 assisted those who hosted the projeetings in organizing them (practical
aspects as accommodation, list of attendees & agend

WP took care of the completion of the minutesfalidw-up action items.

Further to the face-to-face meetings, WP1 helpedeiting-up several conference calls on
technical matters, and, when needed, on adminN&ratatters.

With regards to the reporting matters, WP1 orgahittee monthly (internal purposes) and
quarterly (contractual) reporting tools (templaed follow-up);

v’ the 1st Quarterly Management report (QMRM1-M3) besn delivered to the EC on May
23rd, 2008,

v the 2nd Quarterly Management report (QMRM4-M6)askd version has been delivered
to the EC (draft version on July 25th, 2008) on é¥atd9th, 2008,

v the 3rd Quarterly Management report (QMRM7-M9) baen delivered to the EC on
November 25th, 2008.

DICONET being a project issued from FP7 - CallImeaew rules and processes with regards
to FP6 had to be explained, the main ones conaeth@ URF process (Unique Registration
Facility) and the NEF portal.

With regard to the legal aspect of the project,emédal Assembly has been held during this
first reporting year through teleconference and wesnly dedicated to financial decisions
regarding payments.

The pre-payment has been received by JCP on 2024hd a first payment corresponding to
the first year activity has been paid on 01/02/2008

5.2 Task 1.2 - Project Quality Management

The consortium is fully aware that a high levela@mmunication is one key factor of a
collaborative project success; therefore regulajept meetings were planned (see point 5.4 of
this section);

In between those physical meetings, teleconfere(@eseral and/or technical) have been
organized: thus, decisions could be debated arglgs® towards deliverables achievements
could be followed and improved.

The decision to provide internally a monthly repeds agreed with the same objective: it
allows each partner to check briefly that the waekformed is on line with the expectation not
only from a MM expenses point of view but also witle contractual deadlines and the
technical orientation.

To assure the best quality level and respect ofllshes in its production, the consortium
agreed on rules and procedures to achieve deliesrand deliveries. The D1.2 "project
Quiality Insurance Manual" delivered on July 1st&@0fescribes the procedures to be followed
if changes to the agreed specifications becomessane

For instance, it has been decided that for eaclvedable to be produced, at least 2
reviewers would be appointed inside the consortaompanies: preferably, they are not
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directly implicated in the project or at least thdgn’t have been active in the deliverable to
be produced. The Table 3 below summarizes thewevg participation.

Del. no. | Deliverable name Reviewers
D7.0 | Project Fact sheet WRH7AIl partners included in Diconet
D1.1 | Project web site and continuous update WHRl partners included in Diconet
D1.2 | Project Reference Manual WRAI partners included in Diconet
D1.3 | Project Quality Insurance Manual WPRAIl partners included in Diconet
D1.4 | Knowledge Management Guide WIPAIl partners included in Diconet
D21 Definition of dynamic optical network WP2 Matthias Gunkel - DTAG
"~ | architectures Kyariakos Vlachos - RACTI
Network impairments in transparent Michael Eiselt - ADVA
D3.1 | networks and definition of monitoring WP3
strategy
D22 Planning and optimization aspects of WP2 Matthias Gunkel - DTAG
= | dynamic optical networks Dimitri Staessens - IBBT
Results on impairments’ effects and . .
D3.2 evaluation of the monitoring reqt_Jire_mentsWP3 Maurice Gagnaire — ENST/IT
" | for the planned strategy of monitoring . .
schemes Thierry Zami - ALU
D41 Offline Impairment aware RWA WP4 Matthias Gunkel - DTAG
| algorithms Michael Eiselt - ADVA
D5.1 Definition of interface between monitors WP5 Reza Nejabati - UEssex
" | and the control plane and requirements Saradhi Chava — Create-NET
D7.1 | Concept paper of DICONET WAR7AIl partners included in Diconet
All partners included in Diconet +
D1.5 | First year Annual Report WP1Matthias Gunkel — DTAG
Yvan Pointurier — AIT
Table 3 - Deliverables' reviewers list

5.3 Problems and solutions

No specific issue is to be reported. Some minotakés and/or inconsistencies in the Dow
were pointed out and it was decided to have aicevte modify for instance:

some timeline were not accurate (T7.3 ending on Wi#é a deliverable on M30)
some modifications in partners description of taskthin WP description, in order to

provide a better quality of work in accordance wité partners competences.

one modification on a Deliverable leader (D5.1)
Some additional MM for some partners (DTAG for amte in WP1) to be able to

intervene more accurately on requested work (biimihe same budget level).

5.4 List of project meetings, dates and venues

- Kick-off in Paris (January 10 & 11, 2008) - haktey ENST/IT
Groupe des Ecoles des Télécommunications - ENST
46, rue Barrault, 75634 Paris 13 — France

- Darmstadt (April 7-8-9, 2008) - hosted by T-SysseDTAG
T-Systems Enterprise Services GmbH

DICONET
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Deutsche-Telekom-Allee 7, 64295 Darmstadt - Germany

- Athens (June 26-27, 2008) - hosted by AIT,
Research and Education Laboratory in Informatiochfielogies - AIT
Adrianiou 2 & Papada, 11525, Athens — Greece

- Ghent (September 17-18-19, 2008) - hosted by IBBT
Interdisciplinair Instituut voor BreedBand Techngile, VZW - IBBT
Gaston Crommenlaan 8, 9050 Gent - Belgium
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5.5 Project planning and status

N* [Mom de la tacha lannse 08 [Annge o8 |Annea 10
1 WP 1 Project managamant
2 |WP2 Network arﬁhim{:t_ura and support studies
3 Dawalopmeant of dynamic optical netwark architecturae
el Indartification of natwork scenarios and possible routing approachas
5 In\.rashga'hcm af planning and -m:nlrnlzahnn aspacts
] Recommandations on dissamination physical impairmant info across tha natwark
T Invastigation of techniquas for disseminating physical impaimmant info
B |WP3 Development of a network plannlng tool for dynamnt: h‘aFfll:'.flmpalrEmentx
o] Efficient optical layer mpauarnerd mcnnﬂcmng and dissamination of information
10 Matwork modaliing studiss to avaluata tha affl"'lancym‘ maontaring schamas
11 Definition of natwork possibla manitoring lac:hn::llclgras according to natwork architacturas
12 Dafinition of natwark paramatars and softwara platfon-rs 10 ba commoniy usad for tha davelopmant of
tha natwark planning tool
13 Devalapmeant and aevaluation of the network planning fool
14 |WP4 Development of a algorithms
15 Impairmant awara, multi-constrain RVWA for QoS5 routing
18 Kantify important natwork paramatare that must ba considarad in tha dasign of tha rouling and
wavalangh assignment algorithms for 305 routing
17 Impairmant awara offling R routing
18 Ciptimization Algorithme far camponant placsmant
18 Estimate tha complaxity of tha proposad routing and wavealangh assignmant algorithms and thair
implamantation faasibility in tha natwork planning tool
20 |WPS5 Network Management and Control Protocols
21 Definition of tha imarfaca batwasan monitors and tha comtrol plans
22 Definition and davalopmant of tha intafaca between manitars and tha contral plana
Z3 Modificatione/axtensione of G-MPLS control protocols exensions
24 Implamenl thea proposad G-MPLS controls pm|c||:u! axtansions
25 .d»dopfed golution far tha control plans axtansion and |n1|:|larnarr|.all::|n faasibility & 3006
25 |WPE Lab Expﬁrlmantahnn. evaluation and tesbed |mplernentat||:m &
T Exparimantsl assassmant of DICONET concapts B 1
2B Chaking of natwark tasi-bad availability and spacification of (a2l 1o ba carfiad aut on tha natwark :
planning tools avaluation H
28 Protocols Implamantation on FPGEA
30 Decision on tha GMPLS stack 1o ba usad H & 2
31 Matwark planning tools avslustion and axparmantation : —
3z
33 |WPT Exploitation Dissemination = =
34 |  Dissamination L =
35 Dissamination of activilias in the projact s web site and continuads update & 3101
35 Control Plana Exlansions and Standardization
73 Wantification of possibla cortributions to standardization bodias and cominuous updata
3B dantification and agmamerrl upon futura sarvica raguiremants and damands and natwork modal 1o ha
uead in studiss undar acanamic impact and custamear raguiramants
38 Tachno aconomic |ssuas
Tache Jalon < Tachas axternas e
E';J:l LEH'GSQ%;?;;u Fractionnemant Récapitulative ——— Jalons exiemes
Avancamarnt Récapitulatif du projat = ==  Echéanca £ 3
Paga 1
Page: 44 of 52
FP7 — ICT—- GA 216338

44



009 PROJECT PERIODIC REPORT
DICONET_PeriodicReport_P1_WP1_011208_JCP_V1.0

The Future Core Network

5.6 Impact of possible deviations from the planned milgtones and
deliverables

No deviation to be reported

5.7 Beneficiaries legal status

Deutsche Telekom AGin 2008, the technical work of Deutsche Telekofd was carried
out by T-Systems Enterprise Services GmbH that asta third party of DTAG. The
financial report presented by DTAG for 2008 willcinde all Forms C and a summary
financial report for its subsidiary: T-Systems Eptese Services GmbH.

Due to internal staffing changes the work will lwind by Deutsche Telekom AG (DTAG) in
2009 and 2010 but no change in the key personmefilbating to the project is foreseen to
during the complete project runtime.

Alcatel-Lucent Bell Labs France:a dedicated legal entity to host Alcatel Lucentdesh
activity in France has been created on DecemBe008 under the name of “Alcatel-
Lucent Bell labs France” and is a 100% affiliateAddatel-Lucent France.

In accordance with French law, “ALCATEL-Lucent Betbs France” is substituted to
Alcatel-Lucent France for all rights and obligasorelated to its involvement in Diconet
Project.

5.8 Project website

The DICONET website (www.diconet.eu) has been pegtuthe very beginning of the project
and was officially delivered to the EC (Deliverablg.1) in January 2008.
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Dynamic Impairment Constraint Network

for Transparent Mesh Optical Networks

A European ICT-research

e

About Diconet

Home Contact |

Partners

Home News Events Documents Contact Us
ABOUT DICONET NEWS EVENTS DOCUMENTS
= CALI FOR PAPER-ICT- = ONDM 2009 = DICONET promises a disruptive

The DICONET project is fargeting a
novelapproach to optical netwerking
providing & disruptive solution for the
develepment of the core netwerk of
the future. #'is the vizion and goal of
our conseortium to provide ultra high
speed end-to-end connectivity with
quality of service and high reliability
through the use of cptimized
protocols-and routing algorthms that
will complement a flexible control and
management plane offering flexibility
for the future network infrastructure.

) CP [JEELA

MaobileSummit - Santander, Spain
January 16, 2009

CALL FOR PAPERS -1EEE High
Performance Switching-and
Routing

January 16, 2009

CALL FOR PAPERS -for an
|EEE/OSA Journal of Lightwave
Technology

December 1, 2008

OFC 2009
Cctober 22, 2008

Anew Study "Photonics in Europe -
Economic impact” is published:; it
centaing useful infarmation on
optical communications.
February 23, 2008

The DICOMET website goes online
February 19, 2008

First publication from the DICOMET
Project
February 17, 2008

More news

E""“_‘lﬁﬁ? % € o

|

“eTi

February 18-20, 2009 -
Braunschweig, Germany -

2nd International Workshop on
Cross Layer Design (WCLD 2009)
June 11-12, 2009 - Palma de
Mallarca (Spain)

IEEE High Performance Switching
and Routing

June 22 — 24, 2009 - Telecom
ParisTech (EMST) Paris, France

2008 MERM Summit - “Towards
Future Media Internef’

Sept 28-30, 2009

Saint-Malo, France

Mow inits 2nd year!

Organised by the NEM European
Technolagy Platform

Under the aegis of the European
Commission (DG INFSQ)

More events

I - - - TR

= EUMWM. @
FETET Alcatel:Lucent

solution for the development of the
core-network of the future

It is the vision and goal of the
consortium to provide ultra high
speed end-to-end connectivity with
quality of service and high reliability
through the wuse of optimized
protocols and routing algorithms
that will complement a flexible
control and management plane
offering  flexibility for the future
network infrastructure.

Read more....

Dicenetfacisheet

Diconet poster

More documents

DICONET PARTNER ZONE

| Looms @rojectplocs

Dedicated area for DICCMNET parners
{Requires registration at: ProjectPlace)

The research Ieading io fhese results has received funding from the Europiean Community's Seventh Framework Programme (FP7/2007-2012) under grant agresment n* 216338

Its goal is to appeal to a large audience to kbemtinformed upon the optical networking
environment and related events.

Our intention is to present valuable informatioowattthe general news in the area, the events in
the domain and the important headings of the Eamm@»mmission and other related projects.

The web site / deliverables page also present abligpdeliverables that are available for

download.

5.9 Use of Foreground

No commercial use of Foreground has to be repaiftedthis first period of activities but as
stated in Task 7.1, the DICONET consortium has beepactive in disseminating the results

achieved.
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6. Explanation of the use of the resources

TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 1 FOR THE PERIOD

JCP
Work Package Item description Amount Explanations
WP1 & WP7 Personnel costs 43506 € Personnel cost for 7,20 MM
WP1 & WP7 Subcontracting 5000 € Corresponding to Website and collaborative tools
WP1 Major cost item “travel” 5666,42 Corresponding to Travel costs
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 5417242 €

TABLE 3.2 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 2 FOR THE PERIOD

AIT
Work Package Item description Amount Explanations

WP1, WP2, WHP3, | Personnel costs 103546.19

WP4, WP5 & WP7
Conferences 450 registration
Travels 6907.93 Travel costs
Depreciation costs 3289.96 depreciation cost for equipment purchased for the project
Remaining costs 70,60 Hosting project meeting

TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 114264.68

DICONET
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TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 3 FOR THE PERIOD

CREATE-NET
Work Package Item description Amount Explanations
WP2, WP5 and WP7 [ Personnel costs 35901,27 € Personnel cost 7.7 MM
Subcontracting
Travel 415242 € Travels to DICONET meetings held in Paris, Darmstadt, Athens and Ghent
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 40053,69 €

TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 4 FOR THE PERIOD
ENST
Work Package Item description Amount Explanations
WP1 Personnel costs 157293
WP2 Personnel costs 3670.17
WP4 Personnel costs 4 3776.29
WP7 Personnel costs 1048.62
Subcontracting
WP4 TRAVELS 4 335.68
WP1 MEETING DICONET 1.360.44
WP4 Remaining costs 629.71
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 56 393.84 €

TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 5 FOR THE PERIOD

HUAWEI
Work Package Item description Amount Explanations
WP2, WP3, WP5, | Direct personnel costs, R&D 68714 € Direct costs for21.36 MM as reported in the QMR
WP7
WP1 Direct personnel costs, Mngmt 2632 € Direct costs for0.54 MM as reported in the QMR
WP2-WP7 Indirect personnel costs, R&D 34357 € Indirect costs for 21.36 MM as reported in the QVIR
WP1 Indirect personnel costs, Mngmt 1316 € Indirect costs for 0.54MM as reported in the QUR
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| Travel expenses 1320 € Traveling for meetings held in Paris, Darmstadt, Athens and Ghent.
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 108339 €
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 6 FOR THE PERIOD
IBBT
Work Package ltem description Amount Explanations
WP1 Personnel costs (mgmt) 3095 Personnel costs for 0.3 MM
WP2,4,7 Personnel costs (RTD) 56296 Personnel costs for 10.3 MM
Subcontracting
Remaining costs 6411 DICONET related travel costs
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 65802
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 7 FOR THE PERIOD
RACTI
Work Package ltem description Amount Explanations
Personnel costs 58400 Personnel costs for 19.11 MM
Subcontracting
Travel and subsistence 6334.69 Diconet related travels
Equipment 4023.83
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 68758.52
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 8 FOR THE PERIOD
UESSEX
Work Package Item description Amount Explanations
WP5-WPG6 Personnel costs 15406.65 Research staff payment
Subcontracting 0.00
Major cost item Materials 6086.66 FPGA boards, PC, software license
Major cost item Travel 3081.70 Attended project meetings
Remaining costs 14745.01
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| TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 39320.02 |
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 9 FOR THE PERIOD
UPC
Work Package ltem description Amount Explanations
1,2,4,5,6 Personnel costs 87794.72 Amount corresponding to the 14.52MM reported in the QUR
Subcontracting
Travel and subsistence 4947.63 Travels to DICONET meetings held in Paris, Darmstadt, Athens and Ghent
Major costitem'Y' ...........
Remaining costs
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 92742.35
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 10 FOR THE PERIOD
ADVA
Work Package Item description Amount Explanations
1,2,37 Personnel costs 68,779.00 Personnel costs for 9.39 MM
Subcontracting
Travel costs 3,384.00 Travel to DICONET meetings held in Paris, Darmstadt, Athens and Ghent
Major costitem'Y' ...........
Remaining costs
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 72,163.00
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 11 FOR THE PERIOD
DTAG
Work Package ltem description Amount Explanations
WP2-WP7 Direct personnel costs, R&D 58.132,56 € | Direct costs for 7,9 MM as reported in the QMR
WP1 Direct personnel costs, Mngmt 2.207,57 € | Direct costs for 0,3 MM as reported in the QVIR
WP2-WP7 Indirect personnel costs, R&D 21.449,60 € | Indirect costs for 7,9 MM as reported in the QVIR
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WP1 Indirect personnel costs, Mngmt 814,54 € | Indirect costs for 0,3 MM as reported in the QMR
Travel expenses 4.526,69 € | Travel tomeetings held in Paris, Athens and Ghent; hosting a meeting in Darmstadt
TOTAL DIRECT COSTS AS CLAIMED ON FORM C 87.130,96 €
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 12 FOR THE PERIOD
ALF
Work Package Item description Amount Explanations
WP2, 3,4,5 Personnel costs, R&D 241.427,99 Personnel costs for 33,26 MM
Subcontracting
WP 3 Equipments 26.645,52
Travel costs 4.285,51 meetings held in Darmstadt, Athens, Ghent
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 272.359,02
TABLE 3.1 PERSONNEL, SUBCONTRACTING AND OTHER MAJOR COST ITEMS FOR BENEFICIARY 13 FOR THE PERIOD
ECI
Work Package Item description Amount Explanations
1,2,3,4,5,7 Personnel costs 156,390 Personnel cost for 24.3 MM as reported in the QMR
Subcontracting
Flights & meeting costs 3,255
TOTAL DIRECT COSTS AS CLAIMED ON FORM C | 159,645
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7. Financial statements — Form C and Summary
financial repaort

A separate financial statement from each benefic@gether with a summary financial report
which consolidates the claimed Community contrimutiof all the beneficiaries in an
aggregate form will be provided through the NEH.too

According to Article 11.4.4 of the Grant Agreememip certificate on financial statements
shall be submitted by the any beneficiaries ag¢lj@ested grant threshold of 375 000 € has
not been reached.

8. Certificates

!

Beneficiary | Organisation | Certificate on|Any useful comment, in
short name |the financial | particular if a certificate is not

statements provided

provided?

yes / no
1 JCP no Expenditure threshold not reached
2 AIT no Expenditure threshold not reached
3 Create-NET no Expenditure threshold not reachec
4 IT no Expenditure threshold not reached
5 Huawei no Expenditure threshold not reached
6 IBBT no Expenditure threshold not reached
7 RACTI no Expenditure threshold not reached
8 UEssex no Expenditure threshold not reached
9 UPC no Expenditure threshold not reached
10 ADVA no Expenditure threshold not reached
11 DTAG no Expenditure threshold not reached
12 ALF no Expenditure threshold not reached
13 ECI no Expenditure threshold not reached

---End of Document ---
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