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Abstract— Future Internet packet switches and routers will architectures is being developed at the PhotonLab and LIPAR
have to overcome intrinsic limitations of current electroric |aboratories of Politecnico di Torino [4].

switching fabrics, related to the extremely high amount and : PR : ; ;
density of the information to be internally processed, and he Many optical switching experiments published in the last

consequent very large number of interconnections, and verpiigh ~ 10-15 years have used advanced optical processing tee®iqu
power consumption and dissipation. Motivated by this obser Such as wavelength conversion or 3R regeneration and have
vation, we consider different architectures of optical swiching been often successfully demonstrated in a laboratory envi-
fabrics, capable to interconnect the linecards of a packetvéitch  ronment. However, they are far from being commercially

with an overall switching capacity in the order of Tb/s, usirg both ; ; ; : : .
Wavelength Division Multiplexing (WDM) and space diversity. feasible, since they require optical components which tlte s

The physical-layer feasibility and the cost of the considesd €ither in their infancy or, simply, too expensive. Instetits
architectures are studied and compared using realistic moels Optical architectures considered in this paper requirécapt
taken from commercially available optoelectronic devices components that are commercially available nhowadays- Fast

tunable lasers with nanosecond switching times are prgbabl
the only significant exception, since they have not yet a
The continuous evolution of high-capacity packet switchesal commercial availability, even though their feastigilhas
and routers is today getting close to fundamental physicaleady been demonstrated in many experimental projefts [1
limits of electronic devices, mostly in terms of maximumako and the first commercial products start being offered.
rate, maximum number of gates inside a single core, powerThis paper is organized as follows, Sect. Il provides the
density and dissipation. A lively debate on how to overcomgeneral framework and presents the three considered fabric
these limits is ongoing in the research community. Althoughychitectures. Sect. Il discusses the feasibility, thadadulity
high-capacity switches with aggregate capacities of feds Thand a cost model of the considered optical fabrics. Sect. IV
are today commercially available, each new generation shoptesents a selection of performance results obtained with o
increasing component complexity and needs to dissipat® mapproach, while some final comments are given in Sect. V.
power than the previous one. The current architecturaldtren
is to separate the switching fabric from the linecards and to Il. OPTICAL SWITCHING FABRICS
employ “optical wires” to interconnect them. This solution
results in a large footprint (current solutions are oftenltimu ~ The general architecture of the optical switching fabric
rack), poses serious reliability issues because of theelargpnsidered in this paper is shown in Fig. 1: a sefNofnput
number of active devices, and it is extremely power-hungrlinecards send packets to an optical interconnection tstreic
Both academic and industrial research groups are toddmat provides connectivity towards th& output linecards
considering optical technologies to realize intra-swibcter- using both WDM and space multiplexing techniques. All
connects, which promise better scalability to higher cédjgs; linecards are operated towards the switching fabric atainges
increased reliability, reduced footprint and lower powene¢ typically large, bitrate, and can serve a number of inpupat
sumption [1], [2]. In this paper, we consider three opticgah&:  ports/lines possibly operating at different bitrates andoad-
tectures belonging to the well-known family usually reéstr ing to different technologies. The optical switching fabis
to as “tunable transmitter, fixed receiver” (TTx-FRx), whic organized in multiple switching planes, to which a subset of
have been deeply investigated in the past [3]. In particulautput linecards are connected. Fast optical switchesn(or i
we consider optical interconnection architectures basethe general plane distribution subsystems) allow input limdsa
use of broadcast-and-select or wavelength-routing teghes to select the plane leading to the desired output linecard on
to implement packet switching through an optical fabric véhe packet-per-packet basis. Within each plane, wavelengtiing
both Wavelength Division Multiplexing (WDM) and spaceechniques select the proper output. Thus packet switcising
multiplexing are used. The novelty of this paper lies igontrolled at each input linecard by means of a fast tunable
the fact that we study these architectures not only from daser (i.e., in the wavelength domain) and, possibly, a fast
architectural viewpoint, but we mainly consider the phgsic optical switch (i.e., in the space domain). Each linecard is
layer feasibility, the scalability issues and the costteslato equipped with one tunable transmitter (TTx) and one fixed-
these solutions. An experimental prototype of a varianhese wavelength burst mode receiver (BMR) operating at the data

I. INTRODUCTION
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Fig. 1. Multiplane optical fabric architecture

rate of a single WDM channel. Burst-mode operation is re- Fig. 2. Wavelength-Selective V (WSV) architecture

quired on a packet-by-packet basis. For simplicity, we @mEsu . . . . _
that all the considered architectures have a synchronods a The WSV is a blocking architecture. Since within a group

time-slotted behavior, as reported in [5] and [6], and thdy Iput linecards all the transmitters must use a different
Wﬁvelength, it is not possible for transmitters locatedtie t

packets transmissions are scheduled so that at most onetpaé: me inout droun fo transmit to output ports located on
is sent to each receiver on a time slot (i.e., contentions aé put group . put p
ifferent switching planes that receive on the same wagtten

solved at transmitters). The basic WSV architecture can be modified to obtain a non-

The lasers tuning range, i.e, the number of wavelength . . . o
transmitter is required to tune to, is a practical limitiragtor. E(itr:]lgngat;eef:awor [7], but we do not further discuss thiziess

Even for prototypes, the maximum tuning range for tunablé
lasers is in the order of a few tens of wavelengths [8]. .
a result, the wavelength “dimension” alone could not ensﬁﬁe Wavelength-Routing-Space (WRS)
input/output connectivity when the numbé¥ of linecards In this case the wavelength routing property of Arrayed
is large. Multiple switching planes, that is, space divgrsiWaveguide Gratings (AWGSs), main component of the distribu-
dimension, was introduced to overcome this limitation. Btion stage, is exploited to perform both plane and destimati
doing so, since the same wavelengths can be reused on esatbction: no space switch is necessary. Each collectaggst
switching plane, ifS is the number of switching planes, agathers then all the packets for a specific plane.
wavelength tunability equal t&//.S (instead ofN) is required. = The WRS fabric can either exploit the cyclic behavior
In the three considered architectures, shown in Figs. 2-0f, AWGs or not. This property states that several homolo-
transmitters reach the differest planes by means of propergous wavelengths belonging to different Free Spectral Baing
opticaldistributionstages that actually differentiate each of théFSR) are identically routed to the same AWG output. This
three architectures. At the output of the switching plame§a  situation is depicted in Fig. 3, which shows an instance of
1 splitter collects the packets, which are then distributethe WRS architecture withV = 9 and S = 3. Note that each
N/S receivers. These fabric architectures are designed so tfggeiver is associated with a set .S different wavelengths
the number of couplers and other devices that packets havdf@s receivers this is not a real limitation because the lddth
cross is the same for all input/output paths. The EDFA WDMf photodiodes is actually very large). By exploiting the
amplification stages can thus add equal gain to all wavetengyclic property of the AWGs we can prevent that linecards
channels since all packets arrive with the same power |@rel. reuse the same wavelength in different parts of the fabric.
each plane, signals are amplified by an EDFA, demultiplex&y doing so, the total TTx tunability range required has to

and finally received. be equal toN. The advantage is that no coherent crosstalk
e ) (see [5]) is introduced in the optical fabric, and only oft-o
A. Wavelength-Selective “V” Architecture (WSV) band crosstalk is present, which can be shown to introduce

This architecture was originally proposed for optical petck negligible penalties. Even though this solution can be atmo
switched WDM networks inside the e-Photon/ONe project [gptimal from the physical point of view, the AWGs must
(the “V” name stems from an internal denomination used iexhibit an almost identical transfer function ov&7.S FSRs,
the e-Photon/ONe community, that studied several vanatioand the EDFA amplifying bandwidth has to be significantly
of this architecture, called X). This optical switching fabric, larger. In this configuration, this architecture is calledR®/
presented in Fig. 2, connect¥ input/output linecards by ZC, that stands for zero-crosstalk configuration. If indtea
means of broadcast-and-select stages. Sefé/¢f TTx's are the AWG cyclic property is not exploited, and the system
multiplexed in a WDM signal by means of/é/S : 1 coupler; operation is limited to a single FSR (all TTx’s are ident)cal
then this signal is split int&5 copies by means of ah : S some in-band crosstalk is introduced, which can severaiit li
splitter. Each copy is interfaced to a different switchidgrme scalability [5]. However, it is possible to show that these
by means of Wavelength Selectors (WSs), composed byingpairments can be limited or fully eliminated by proper
demux/mux pair separated by an array%[)fSOA gates, which packet scheduling algorithms, which avoid using the same
are responsible for both plane and wavelength selection. wavelengths at different fabric inputs at the same time.
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Fig. 3. Wavelength-Routing-Space (WRS) architecture

C. Multiplane Couple-Amplify-Demultiplex (MCAD)
In the MCAD fabric, depicted in Fig. 4, the distribution By using the physical impairments mentioned above we

stage is implemented by splitting transmitter signatinopies condqcted_a scalab|I|ty_ and feasibility SFUdy of the fabric
by al: S splitter, and then sending signals to SOA gates. gescrlbed in Sec_t.. . Firstly, we need to introduce some key
given input wanting to transmit a packet to a given Outplﬁarameters specn_‘|c to the components us_,ed.

must first select the destination plane by turing off all the FOr the transmitter, an average transmitted power of
SOA gates but the one associated with the destination plah&Bm is assumed. Generally, a typical tunable laser peak
and, then, use wavelength tunability to reach the desirgulou CUtPUt power is of the order of-10 dBm, but we need to
port. The following coupler stages are used to combine FIaCkgon&der 6-7 dB of equivalent loss mtroduced by an external
for each switching plane; to minimize excess losses in aptidnodulator (3 dB due to on-off keying and 3-4 dB due to
couplers, coupling stages are organized in two sectiores: {ASertion losses). WDM tunable transmitters were modeled
first is a distribution stage used by inputs to reach all plane®S OPtical sources characterized by a given Optical Signal t
while the second is a collecting stage to gather packets f3pPiS€ RaticOSN Rrx, corresponding to the ratio between the

each plane. Each plane combines at 66 packets coming useful laser power and the noise power due to spontaneous
from the N input linecards. emission inside the laser. Using the laseS N Rrx, we

calculate the equivalent noise power spectral densityr()
[1l. PHYSICAL IMPAIRMENTS AND SCALABILITY as OSNRrx = 7 5. We have assumed a flat noise
behavior with an optimisticOSN Rrx value ranging from
40 to 60 dB over a 0.1 nm reference bandwidthin Hz.

The considered optical fabrics do not include any signal For the receiver, we assume a target BERgr = 1072,
regeneration but only pure linear optical amplificationirigs for which best receivers at 10 Gb/s have today a typical
a common terminology [9], we have 1R regeneration of theceiver sensitivityPs of around—26 dBm (without optical
signal inside the optical fabric (no 2R and 3R regeneratiormplification). In order to address scalability at differen
On a first attempt to asses the scalability of optical architebitrates, we followed the analysis presented in [11] which,
tures, we observed that modeling fixed values for componeingerring from different commercial data sheets, propoaes
losses vyields unrealistic scalability results e.g., “iitéiport  sensitivity slope vs. bitrate of 13.5 dB/decade. For instan
count scalability for fabrics whose total power penaltieswbt given the aforementionells at 10 Gb/s, we infePg = —17.8
depend on the number of portd’f and the number of planesdBm at 40 Gb/s.

(S). We adopted a more accurate second-order model capabl&or what regards the SOA-based space switches (used in the
of capturing other important effects such as insertiondess MCAD architecture) and gates (used in WSV), we based our
excess losses, channel uniformity, polarization depenyeranalysis on the characteristics of one of the few comméycial
and crosstalk, which were translated into power penalties aavailable SOA-based switches [10], as described in [6]hén t
related to the fabric’s port and plane counts. This modekng on state, SOAs are characterized by both a gain 4, set to
described in [5] and [6] (it is not further detailed here fpase recover preceding losses and by a noise figige 4 of 9 dB.
limitations), where the information quantifying these iamp In theoff state, SOAs show a switching Extinction Ratio (ER)
ments has been collected from data sheets of commercialfy35 dB. This finite SOAs ER, leads to significant crosstalk
available components. According to the notation used in [Bpntributions among different planes, thus, it imposegnt li
and [6], hereaftetl pe,,, (N), Lspi(N) and Lawe(N) will — on the maximum amount of planes that the fabric admits. In
denote losses introduced by muxes/demuxes, coupletspli the worst case, the number of coherent crosstalk contabsiti
and AWGs of N ports, respectively. However, in this paper an a switching plane is one for each plane; henceforth, the
more realistic model of TTxs was introduced, with respect tmtal crosstalk penalty on an arbitrary plane depends both o
[5] and [6], to account for their noise contributions. S and on the nominal switch ER (in linear units). This result is

B. Scalability analysis

A. Power Penalties



TABLE |

detailed in [6], where the crosstalk is modeled by the apgroa
POWER SPECTRAL DENSITIES FOR ALL THE ARCHITECTURES

proposed in [12] and the penalty is defined for optimized
decision-threshold receivers and for the requiiésk: . G (1) Gsouthf(Cson—1)Fsoa
All architectures present a common amplification and de- GN°V(f) = =X Lpems (5)Lspig(9)

multiplexing output stage. We have assumed that EDFAs ‘
operate in saturated regime; that is, EDFAs show a constamty 4P (f)
output power, which is split oveN/S channels that cross it N
simultaneously. The nominal EDFA output power is assumed®n " (f) = Norx x Lawa(Z)Lsp, (5)
to be PEPEA = 17 dBm, which can be set by means of

gain locking techniques. Lelppr 4 be the EDFA gain. The

Appra used in noise calculations is obtained considering thédth equal to the bitrate; thuBY 254, = GROL (f) x Ro;
ratio amongPELEFA and PEPFA | Furthermore, we charac- the OSNR constraint can be expressed as:

tot,out tot,in

terized EDFAs by a noise figurBgpra of 5 dB. pEDFA
In our architectures, scalability is limited by both the fuse ch,out
signal power at the receiver's photodiode, and by the ASKith x having the same meaning as in Eq. 1.
noise present at the EDFA output. Firstly, received signal
power must be larger than the receiver's sensitivity; thats, C. Cost Model
each output the following must hold: In this section, a cost model for each device is defined and,
Pﬁﬂfﬂwm — Lpem(N/S)ag — 1t > Pslapm (1) tSh_en, it ris used to asls%ss éhe_dc§st fof thedent_ire qrcfhit_ecture
EDFA _ LEDFA . ince the operational bandwidth of any device is finite, a
Wherepchaouﬁ |dBm| _ftPt0t=0ut I'.‘}f_Bmt__ 1010§(N/§)(L%B Is the inited number of wavelengths can be in general amplified or
pOWer per channel atter amplification, apds a 5 db margin ., yaq Commercially available EDFAs and AWGs are usually
to conmderco_mponentag!ng, penalties .Of B.MRW'th reSICmCt(tjesigned to work over one of the C, L, XL, S bands (in
s’;?n(:art(:] ctont!nﬁfgs recdelvtehrs, Iase_r n’(l;sa}l|gn|rnents, et 0 order of preferred deployment). The considered opticalitzb
efiects that might degrade e received signal. heavily rely on wavelength agility and space switchingded,
Even though the sensitivity constraint is the same for al trbs the number of necessary SOAs increases, the required
transmitter tunability decreases for both the MCAD and WSV

NorxGsoa+hf(Gsoa—1)FsoaLspi1(S)
Lspi1(S)Lspi2(Z)Lspia(S)

X

N
S

laBm — Pﬁ?ﬂﬁﬂwm —u>Tosnrlae-  (3)

considered architectures, the noise-related constrainot.

. Being commonly ?‘Ccepte‘i we require a m_inimum OptiC3|rchitectures. We took this tradeoff into account.
signal to noise ratioTpsyg of 17 dB (defined over a

Component costs in our model rely on the current market
zituation (discrete components, no on-chip integration, n
. ; . conomies of scale); thus, they should be used as a rough
(r::umelalhneecsifgj blt;itedislzu(s)gizr i;O [ggogﬁgy[ fgeibfgzc?u ide to assess the relative costs of the different ardhites.
P P, ' r goal is to discuss which are the main factors impactieg th

Loc:isae” ctgr?tricé)zt;icci:sn(c;:z?n slzgécrgsag(rjesseg,&;;] t:§ d fib”g;/e’br‘ ost of an optical fabric and which are the cost-wise optimal
: P foices to be taken when designing such architectures.

very large bandwidth (usually called a noise “floor” on power Splitters, Muxes/Demuxe$Ve assume that the main factor

spectrum); as a result, each WDM channel will see a pOrtlori!fecting both splitter and mux/demux costs is their podrto

of this _a}ccu_m_ulafced noise in band, leading to a non negbg|bi' From market data [13], by using a Minimum Square Error
scalability limitation.

The noise spectral density (f) (in linear units, beingf (MSE) fitting method, we inferred the following cost model:

__ 100 1
the optical frequency in Hz) was evaluated for each architec Cspi (n) = = (4)

ture. Now letG,"2 (f) be an amplifier output noise spectrain order to simplify, but also being compliant with market
density: prices [13], we assumed that mux/demux costs behave as the
GN™ () = G2 () X Admp+hf(Aamp—1) X Famy (2)  splitter ones, scaled by a facton.,, *, i.e.:

where h is the Planck constantd a,,, and Fa,,, (either Cpem (1) = apem % Cspi (n) ®)
Amp = EDFA or Amp = SOA) are the amplifier gain whereap.,, = 10 in our computations.

and noise figure, respectively, andy"?(f) is the noise  Arrayed waveguide gratingsAWG costs depend on both
power spectral density entering the amplifier. For the fin#e number of ports and the number of wavelengths it must
EDFA (common to all architectures()}ﬁﬁ’f*“(f) is different be able to route, hence on the number of FSRs over which the
for each architecture, and we call @5V (f), GMCAD ()  AWG Transfer Function (TF) should be approximately flat.

or GWES(f) for the WSV, the MCAD or the WRS fabric, The AWG dependency on the number of ports follows the

respectively. Due to space limitations, we only show thel finEnux/demux law scaled by a fact@hw e = 2.5. Let Npsr be
expressions derived for these quantities in Table I. In trss fithe number of FSRs over which the AWG TF has to be flat. In
equation,G][\)[e’ml (f) = Norx XN is the the WRS architecture, if the AWG cyclic property is explaite

: LSPH%.%)LSPZZ(S)LD”H(%)S to avoid crosstalk (WRS-zZC = (N/S)?; otherwise
power spectral density after first demux. ( Wrsr = (N/S)%

H DFA
The EDFA noise power per output Chann%ffjfch,out can IWe assumed the same behavior for the AWG cost with respedheto t

be evaluated by integratingy,%;*(f) over a channel band- demux cost.




(WRS), Nrpsr = N/S. For commercially available AWGs, 0 o Mcap

the TF sharply decreases outside the bandwidth over which —-e— WSV ,

the AWG was designed; thus, the AWG TF was assumed to BERVAI 100609

be approximately flat over at most 3 FSRs. If an architecture g @100 Gbpg

requires a wider TF, we assume that more AWGs must be usecg,

in parallel. The whole AWG cost is: §

Cawa (n,Nrsg) = (1+ | 222221 | yawe) BawaCpem(n) g 10F l/@ﬁziibps’
2.5 Gbps

whereyawe = 1.5; indeed, the cost of adding more AWGS § @ O?Gbpsp

in parallel is larger than simply multiplying the number of g

AWGs by their cost (some other devices as splitters anddilter 3 a— L0 &5 Gbps

are needed).

Laser and transmittersMany manufacturers claim that the /

technology to produce cheap tunable lasers is going to be 18 : e ‘ "o Pso0es |

available soon and that their cost is going to be less than 40 45 50 55 60

twice the cost of a fixed laser. Thus, (frx ~ 1000 $ [13] Tx OSNR [dB]

h ! ; _ Fig. 5. Aggregate bandwidth as a function of TTx no@& N Rt x
is the cost of a fixed transmitter at a bitrate Bfy = 1

Gb/s, we assume that a tunable laseb,isrx = 1.5 times Finally, the overall cost of the considered switching fabri
more expensive than a fixed laser operating at the sameehitr¥as evaluated aggregating the relevant components cast (fo
Even though tunability could be available at affordabletsos mulas are omitted for space limitations); taking into ag#ou
the tunability range as well as the transmitter bitrate need both the mentioned technological limitations and the fabri
be considered. Regarding the bitrate, we assume a trapsmfimensions ' and S) determined by the physical feasibility.
cost that is linearly proportional to the bitrate. Regagdthe IV. RESULTS
tunability range, we assume that fast tunable lasers will 23 . .
available soon over the C, L, XL, S bands. When the requir Scalability Analysis
tunability exceeds the one guaranteed by a single band, aNVe first discuss the feasibility and scalability of the caasi
additional laser is added to the transmitter. For instaifce,ered optical fabrics. Each architecture was evaluatedrimge
a tunability of 200 wavelengths is required, then two lasef its total aggregate bandwidth, which dependsian S and
(one tunable over the C band and another one tunable oVér Given a set of line bitrates, we evaluated the maximum
the L band) are employed. Finally, the total TTx cost can kchievable bandwidth (corresponding to the maximum number
evaluated as follows: of linecards that can be supported). Although the number of
_ w-1 Ry switching planesS in principle can range from 1 tév, for
Crrx (W, ) = (1 + { W, J arx ) 0e-rxCRIX X R ihe architecture configurations satisfying the feasipiliits
whereW is the number of wavelengths the transmitter has iven in Eq. 1 and Eqg. 3, there is an optimum valueSof
be able to tune tolV, is the number of wavelengths in eactfor which the OSNR at the BMR is maximum. This value
band, andR, is the transmitter bitrate. For the multi-bandvas obtained numerically in each case. For all architesture
case, we set a multiplicative factesx = 1.3, since the cost the main limiting effect was observed to be the OSNR at
of integrating more than one laser in parallel is larger thahe receiver: the maximum achievable bandwidth is mainly
simply the product of the number of integrated lasers and thmited by the optical noise accumulation. Therefore, tbena
cost of a single laser. inal transmitter OSNR, being the earliest noise contrimuti
Optical Amplifiers: Optical amplification is usually imple- in the fabric, deeply impacts the optical fabric scalaailit
mented using either an EDFA or a SOA. SOAs are usédg. 5 shows the maximum achievable aggregate bandwidth
here as on/off gates to perform fast plane selection, ang thes. OSN Rrx for different bitrates. Firstly, for low bitrates
have to deal with just one wavelength at a time; hence, W2.5 Gb/s per linecard), performance of both the WSV and
consider bandwidth as a cost factor only for EDFAs. The SOilve MCAD architectures are quite independent from the TTx
cost is therefore fixed t@sp4 = 1000 $ (complexity and noise, while for higher bitrates (100 Gb/s per linecardg th
technological skills needed to manufacture a SOA should ragtter is theOSN Ry x the larger is the maximum achievable
be exceed much by those needed for a laser). Commercidigndwidth. However, their performance dependency on noise
available EDFAs are today designed to operate over oneisfvery weak; indeed, the number of noise floor sources is
the four different optical bands; thus, if a large bandwitth equal toN/S. Conversely, WRS and WRS-ZC performance
needed, additional EDFAs are used in parallel and the devimee deeply affected by th&® SNRrx. If the transmitter

cost can be expressed as: noise is very low, WRS and WRS-ZC achieve the largest
_ W1 ‘ maximum aggregate bandwidth of several tens of Tb/s, but as
Crpra(W) (1 + { Wy J aEDFA) Cx theOSN Rrx becomes closer to realistic values, performance

where Ctx = 10000 $ (see [13]) is the cost of a single-bandseverely falls. In these architectures the noise floor of all
EDFA, W is the number of channels to be amplifiddi, is the N sources (instead oV/S as in the case of WSV and
the number of wavelengths in the corresponding optical baMICAD) accumulates as the signal propagates through the
andagpra = 1.3 accounts for the integration cost. optical fabric. Note that, up to now, even technologically



Trops | 27ems | stoms [ 4o the fabrics in multiple switching planes, thereby enabling
y e R B R AT S wavelength reuse.
g 3 b ——— we ol e o led Feasibility and scalability studies were conducted to -eval
g — e uate the maximum aggregate bandwidth of the considered
g 2 B\ optical fabrics, which were shown to be able to support
% \)\KH tens of Th/s. Moreover, being optical devices (in contrast t
s the electronic ones) far from their intrinsic physical limi
2 \D\ they can still be improved (for instance by reducing the
K \\&\ | components’ noise or by increasing the devices’ bandwjdth)
¥ so that performance of optical fabrics can increase.
| In addition to the scalability analysis, we performed sienpl
2510 40 100 estimations of the cost of the considered optical fabriaerE

TTX bitrate [Gbps]

Fig. 6. Cost vs. transmitter bitrate for different aggregbtindwidth thoth hlgh costs are still a matter of fact, trends show a

sublinear dependence on the aggregate switching capacdy,
advanced transmitters show an OSNR of at most 40 dB; th@dimited dependence on the line bitrate (in particular ihisre
MCAD and WSV might be the best solutions to implemerftonvenient to employ few high-bitrate linecards than saver

an optical fabric in the near future. low-bitrate linecards). Moreover, several optical degi@re
] still in the first phases of their commercial maturity, andrin
B. Cost analysis are still large margins to reduce costs. We think that lacyer

Fig. 6 shows the relative architectures’ cost V&, for chip integration, economy of scale and volume discount will
different aggregate bandwidths (from 1 Tb/s to 4 Tb/s) fdtnock down device costs.
TTx characterized by)SNRrx = 40 dB. Different marker  In summary, considering the fact the electronic techn@sgi
shapes identify the different architectures, while défetrfill- in switching architectures are approaching intrinsic pégis
ing patterns are associated with different aggregate d#gmc limits, and the fact that there is still room to reduce costs
Given the bitrate and aggregate bandwidth, cost was cadxlilaof optical fabrics, we think that optical technologies cdayp
by means of the models presented in Sec. IlI-C for all feasibhn important role in the realization of future generatioriis o
configurations. Then those showing minimum cost for theigh-performance packet switches and routers.
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