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1 Description

This case study consist in the design of an aggregation & metwork of an In-
ternet Service Provider (ISP). The network is composed et afsPoPs (Point of
Presence) interconnected by fiber optic links, in a givewoltgy. Net2Plan 0.3.0
planning tool is used to receive the input parameters, impte and execute the
required planning algorithms, and to support the creatfdheoutput reports.

1.1 Optical layer

The topology of PoPs is given in the fité r 2014_15_t opol ogy. n2p’. PoPs
are interconnected by a set of unidirectional optical fibepstracted to a dark fiber
provider. The line engineering is subject to the followiransiderations:

e The system is designed to a maximum of 16 WDM channel in theTTU
100 GHz grid. Lowest wavelength is 1550.33 nm.

e Each fiber link corresponds to a G.655 fib&lofzero Dispersion Shifted
Fiber) of characteristics given in [9], excepting the PMD factdrieh should
be set to 0.4 ps/ki2. Chromatic dispersion to assume is 6 ps/nm/km.

e Optical line amplifiers (EDFAs) can be placed, with specifaas similar
to that of IDSU WaveReady Multichannel Erbium-Doped Fiber Amplifier
(EDFA) WRA-2197]. We assume a noise factor of 6.4 dB in all the EDFAs,
for a reference band of 0.5 nm.

e Dispersion Compensation Modules (DCMs) can be placed.rtharacter-
istics are taken from [8] but, to simplify the task, we assuhs (i) disper-
sion compensation produced by a DCM will be constant for altelengths,
(ii) all DCMs have the same insertion losses of 3.5 dB, anfdgdach DCM
can have any compensation between -276 and -827 ps/inm. D@Ms)
needed, should be placed in the same location of the EDFAg(sasition
in km). When an EDFA and a DCM are collocated, we assume thdd@M
is placed first (a technique targeted to decrease non-lefésats). No DCM
can be placed at the initial node of the link, but they can begd at the end
node. Again, in such case they are assumed to be before th&/lOAD

e The transmitter and receptor parameters are similar toothiie line cards
Cisco 1-Port 10 Gigabit Ethernet (10GE) Tunable WDM-PHY r8tddort
Adapter[4]. In the transmit side, this card integrates a transpothdeable in
all the C-band. We assume that all transponders transmit @tigput power

1This file contains two layers, named IP and WDM. The fibers lagdinks at the WDM layer.
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of 3 dBm. EFEC will be used. This means, in the receiver sidat there
is a OSNR tolerance of 7 dB, and a chromatic dispersion toteraf 800
ps/nm (for a receiver sensitivity range between -8 dBm aQdd2m). The
tolerance of the receiver to PMD is 10 ps, according to thaeesin Table
7-5 (p. 173) of [10].

e PoPs are equipped with OADMSs to implement the optical addp énd
express switching of the optical channels. The scheme of ADNDs of
degree three is shown in Fig. 1. The characteristics of thBKsare:

— The OADM includes automatic power management featuresethal-
ize the power of the added, dropped and express channelsg¢aigol-
ling variable optical attenuators). As a result, the pearatel power of
all channels (added and express) at point OADM output (pGirirh
Fig. 1) is 6 dBm.

— We should adjust our calculations, such that the per-chgroveer of
all channels at OADM inputs (point A in Fig. 1) is the same. ey
link this value should be equal or greater than -19 dBm.

— We should adjust our calculations, such that the per-chatmematic
dispersion at the end of a link (including any DCM colocaté¢dha
pre-amplifier) does not exceed in absolute value 150 ps/nhis i$
defined to admit a WDM channel to traverse optically at led#tis,
without exceeding the chromatic dispersion toleranceeatdbeiver.

— For PMD calculations, we should consider that traversed A fave
similar characteristics to that of [7] (0.5 ps), and muki@rs have a
PMD similar to that of [6] (0.5 ps).

— For noise figure calculations, we assume that for add and ciiap-
nels, OADMs are seen as an element with a noise figure of 6 dile wh
for express channels they are seen as an element with a rguise @if
14 dB.

e The margins shown in Table 1 are established in each recvempensate
for multiple impairments. They shouls be considef@8NR penaltieso
substract to the OSNR at the receiver.

The students should base the line engineering in the proeatkscribed in
chapter 7, section 2 of [10].
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Figure 1: Diagram of 3 degree OADM.
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Tabla 1: Per WDM channel margins

Impairment optical penalty
Residual chromatic dispersion 1dB
Self-phase modulation (SPM) 0.5dB
Cross-phase modulation (XPM) 0.5dB
Four-wave mixing (FWM) 0.5dB

Stimulated Brillouin / Raman Scattering 0.5 dB

Residual Polarization Mode Dispersion 0.5dB
Polarization Dependent Losses 0.3dB
Transmitter chirp 0.5dB
Mux/demux and OADMs crosstalk 0.8dB
Unassigned margin to OSNbenalty 3dB

1.2 IP layer

Offered traffic to be carried in the network is known, and giwe traffic matrix
0i r2014_15 tm 1. n2p2% The IP routing at the PoPs is based on IP/MPLS
routers Cisco 12000 (12416 model). Each PoP has the foltpagheme:

e Chassis One or more chassis Cisco 12416 (including the switchieg-el
tronics in the chassis), where the line cards are hostedh &zassis has a
capacity of 16 line cards.

e Line cards In [2] we can see a list of the line cards available for Cisco
12000 routers, together with their specifications. Theasgfegress traffic
from/to network clientslient sidg enters the PoP through 1 GbE connec-
tions. These connections enter the routers through theéirds of the type
Cisco 10-Port Gigabit Ethernet Shared Port Adaptel The traffic between
PoPsine sidg is implemented byisco 1-Port 10 Gigabit Ethernet (L0GE)
Tunable WDM-PHY Shared Port Adaptdl line cards. This line card has
an integrated transponder, tunable in all the C band. If ritae one chas-
sis is needed in a PoP, they will be connected through amailté0 GbE
network. The connection of each chassis to that internavaorit requires
short range line cards [3]. The number of interconnectina tards needed
in each chassjdgs the maximum between the number of line cards in the line
side and in the client side in that chassis.

2Recall that to add these demands as offered traffic to theyd? Ia our multilayer design, the
matrix should be loaded when the IP layer (and not the WDMrlagahe active one in the graphical
user interface.
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IP routing is based on OSPF, using a single area. All the n&tloks in
the line side are assigned a weight 1. The intra-PoP linkth¢ise PoPs with more
than one chassis) are also assigned a weight of 1. Then, weadgeea that the traffic
between chassis always prefers going through the dirdcidstead of going out
of the PoP from one router, making a loop in the network, andiog back again
from the other.

2 Tasks

2.1 Algorithm for PoP dimensioning

Students should implement an offline network design algoriin Net 2Pl an
tool. The algorithm will receive a multilayer network conssal of two layers,
coming from the output of the multilayer network design aiton
TCFA | Pover WDM i xedRest or at i on. j avaexecuted over the given topol-
ogy and traffic. The algorithm should perform the followirgks:

e For each node, create the attributentChassi s, with the number of Cisco
12416 chassis needed in the PoP according to the designeandddrop
lightpaths.

e For each node, create the attributesnCl i ent Si deCar ds_t ot al ,
numnLi neSi deCar ds_t ot al ,numl nt raCnxCar ds_t ot al ,withthe
number of client-side, line-side and interconnection sasiimming all the
chassis. Naturally, in case of having a single chassis Pt the attribute
num nt raCnxCar ds_t ot al equals zero.

Note that the number of incoming at outgoing lightpaths irodencan be dif-
ferent. Then, the number of line side line cards (which agegéctional) should be
dimensioned using the maximum of both values. Similarly,ittgress and egress
IP traffic in a node can be different, and the number of cliedg ne cards (which
are bidirectional) should be dimensioned using the maxirofiboth values.

The aspects to be evaluated are correctness of the resdilt|aity and sim-
plicity of the code.

Students can use the provided regeeipor t PoPSchene. j ava to test its
code. Thigeportreceives as input the output of the algorithm implementethby
students, and generates information on the planned eqatpme
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2.2 Algorithm for WDM line engineering

Students should implement an offline network design algoriin Net 2Pl an
tool. The algorithm will receive a multilayer network congsal of two layers.
A WDM layer where the links are the fibers, and an upper IP layegre the de-
mands are the offered traffic. The algorithm should conegéafjust in the WDM
layer, implementing an algorithm that:

e For each link, creates an attribugelf aPosi ti ons_km with a space-
separated list of the positions of the EDFA line amplifiersaclk position
is given as the distance in km from the link initial node to E®RFA loca-
tion. EDFAs cannot be located at link end nodes: at thesdgtiie OADM
booster and pre-amplifier respectively are already in place

e For each link, creates an attribigdf aGai ns_dB, with a space-separated
list of the gains (in dB) of the EDFAs placed in the link. Tkt element in
this list is associated to theth element in theedf aPosi t i ons_kmlist.
This gain is the same for all the fiber channels.

e Foreach link, creates an attribwtemPosi t i ons_km with a space-separated
list of the positions of the DCMs in the line. Each positiorgigen as the
distance in km from the link initial node to the DCM locatiohhese posi-
tions should be a subset of the EDFA positions, plus maybeidenode.
Thus the number of DCMs placed cannot exceed the numbereEIDFAS
plus one. Itis always assumed that a DCM is placed right befoe EDFA
(a technique to reduce non-linear impairments).

e For each link, creates an attribule mMCDConpensat i on_ps_per _nm
with a space-separated list of the chromatic compensatiegative values,
in ps/nm) of the DCMs in the line. Thieth element in this list is associated
to thei-th element in thelcnPPosi t i ons_kmlist.

Students should make their placement algorithm consigesihat stated in
Chapter 7, Section 2 of [10]. The aspects to be evaluated are:

e The dimensioning should guarantee that chromatic dispeesnd power are
within the ranges specified in the links.

e The minimum power limit at the EDFAs, should be met in the asefiber
carrying one single WDM channel. The maximum power limitewdd be
met even if the fiber carries 16 WDM channels.

e The Java code should be clean and clearly but sparsely doteidne
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To aid the implementation, the students can use theport
Report WDM | i neEngi neeri ng. j ava available in theNet 2Pl an repos-
itory. This report prints information about the optical rIsd) impairments in the
network. For getting the maximum grade, the students dessigald produce a re-
port without warnings printed, for all the links and all thghitpaths in the highest
traffic matrix (5th year).

2.3 Case study analysis

Students should generate a PDF file with an own made repdrtéhnaputes and
analyzes different network indicators, observing thetmeated evolution during
five consecutive years. First year, the traffic offered isathe provided in the input
traffic matrix. For the four subsequent years a 20% CAGR (Gamg Annual

Growth Rate) should be assumed.

We are interested in comparing two scenarios:

e The network is dimensioned with the minimum capacity toyc#ne offered

traffic if no link fails. This requires setting the option
di mensi onFor Si ngl eSRGFai | ure = f al seinthe dimensioning al-
gorithm.

e The network is dimensioned with the minimum capacity to cdhe of-
fered traffic if no link fails, or if a bidirectional link fad. This requires set-
ting the optiondi mensi onFor Si ngl eSRGFai | ure = true in the
dimensioning algorithm, and configuring the SRGs accoidingthe input

design. This latter step can be automated by setting
set SRGsAsBiI di recti onal Li nkFi ber tot r ue in the dimensioning
algorithm.

Students should include the following information in thpad:

e Two tables, one per each scenario, with the total valuesdh gaar of: (i)
the number of elements included in Table 2, and its cost panent, (i)
the sum of the PoP equipment costs (including chassis, ,candsoptical
equipment), (iii) the sum of the operational costs (hiringts, staff), (iv) the
total sum per year.

Note that the equipment costs the second and later yearkighstinclude
the costs of the new acquisitions. Assume that the priceslimeT2 do not
change along time.

e Assume that the network profits come getting paid an ami@tioit each car-
ried Gbps in the network. For each of the two scenarios, e#iethe price

7
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P that makes that network investment provides an Interna¢ RaReturn
(IRR) during the five years of 20%. The description of thislgsia should
include the total costs along the years, and sufficient egblans on how
the priceP is obtained.

e For each scenario, using the first year traffic, compute théadoility of the
demand with worse availability in the network, using twonfis:,

— Estimating its value from the Net2Plan availability repdgingle and
double failures should be considered.

— Running a simulation with Net2Plan. The number of eventituate
is 10000, and the number of transitory events 1000. The rarfdibure
generator to use NRSIi m EG_exponent i al SRGFai | ur eGener at or .

In both cases, the provisioning algorithm to use, that sesechetwork fail-
ures and repair events as OSPF layer does, is
NRSi m AA | Pover WDM i xedRest or at i on. j ava, which is avail-
able in theBui | t | nExanpl es. j ar file integrated in the Net2Plan re-
lease. The optiom sLpRest orati onActi vat ed should be disabled,
since in our case study the IP layer is the only one reactifigiltoes (light-
paths are no restored as a reaction to failures, just OSB&esrthe to avoid
failing  lightpaths). In both evaluations, the  options
al | owLi nkOver Subscri pti on and
assumeOver Subscri bedLi nksAsFai | edLi nks should be active, such
that all the traffic traversing a link with an utilization tigr than 100%,
should be considered lost. Students should set the inpatreders, define
the SRGs, MTBF etc., taking the specifications of the dark fibatract [9]
(page 10). Consider a link availability of 99.5% (indepemttieof its length)

and a mean time to repair of 12 hours. In the tests, assume al bih-
dependent failures per SRG, exponentially distributeesito repair and to
fail. This information should be printed in the report.

The evaluation will be based on the accuracy in the predicéees, the clarity
in the expression and the brevity in the descriptions. Thaud@nt must have a
maximum length of 5 pages.
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Tabla 2: Network equipment costs (from [11], [14] and othmirses)

ltem Unitary cost (K<€)
Cisco 12416 chassis 27.5
Line card 10 ports 1 GbE 8.3
Line card 1 port 10 GbE (line) 7
Line card 1 port 10 GbE (interconnection 5.2
OADM (degree 2) 20
OADM (degree >2) 40
EDFA 2.2
DCM 1
Dark fiber rent (KE/ km / year) 0.40
Rent and maintenance of PoPs (year / PpP) 10
Personnel (year) 300

2.4 Enhancement of the dimensioning algorithm

The students are challenged to enhance the dimensionimgithlg provided
TCFA | Pover WDM ospf Rest or at i on. j ava, that determines the lightpaths
to establish in the network, their routes and the IP routhrag tarries all the of-
fered traffic. For the sake of simplicity, only the case whangjle failure SRG is
not considered should be addressed.

The new algorithm can decide the lightpaths to establishdiffarent form,
and has an extra degree of freedom to jointly decide otherFO&ftghts for the
links (as long as they are integer numbers between one anhdTiea students can
base their algorithm on any optimization technique theyhwesg. an application-
specific heuristic, simulated annealing, genetic algor#htabu search GRASP,
...). Documentation on these methods will be provided.

The merits of the algorithm will be assessed according todfsacity to pro-
duce designs with lower sum of the cost in the PoPs (IP equipmehe grade will
be higher, for the algorithms with better results for théfica and topologies of the
case study, and potentially other tests. Originality analituof the optimization
technique used and code clarity will be also part of the grade

Important: The algorithm developed must include an input parametéecca
maxSi mul at i onTi nel nSeconds, with default value 120 (two minutes). This
is the maximum running time allowed to the algorithm. The lienpentation must
return the best solution found so far when this limit is re&thAlgorithms failing
to satisfy this limit (with a margin of max. 2 seconds), wil penalized.
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3 Evaluation

This case study should be solved in groups of two studentseionally, some
students can solve it individually (please, consult théuies first). Final grade is
computed as follows:

¢ (10% grade) Code of the algorithm implementing the PoPs iiioaing, in
a Java file nameBoPENgi neer i ng_XXXX_YYYY. | ava, where XXXX
and YYYY are the surnames of the group members. Deadliaech 9th,
23:00

e (25% grade) Code of the algorithm implementing the WDM desiig a java
file namedWDMLI neEngi neeri ng_XXXX_YYYY. j ava, where XXXX
and YYYY are the surnames of the group members. Deadliarch 23rd,
23:00

¢ (50% grade) PDF document with the case studio analysis, liewaith name
CaseSt udyAnal ysi s_ XXXX_YYYY. pdf ,where XXXXand YYYY are
the surnames of the group members. Deadfipgl 13th, 23:00.

e (40% grade, yup, this sums up more than 100%). Code of therdiim@ing
algorithm with namerCFA_O R_XXXX_YYYY. j ava, where XXXX and
YYYY are the surnames of the group members. Deadlipgl 8th, 23:00.
Students will be asked to present their algorithm to thesdlaa presentation
on April 13th, 15:00 (max 5-6 minutes per algorithm).

Files should be sent by email ftabl 0. pavon@ipct . es. Delivery time
will be taken from the arrival time of the email to the web ssnEach hour later is
penalized with one point (over 10) in the grade of that paxid&nts can be subject
to a personal interview for evaluating the case study.

10
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