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Abstract—All-optical circuit switching prevents contention by and, even if domains are combined, they cannot guarantse los
forbidding multiplexing beyond the wavelength granularity. The |ess transfers [5]. Pro-active mechanisms aiming at reguci

drawbacks of such a coarse granularity can be reduced thanks to ; ; i ;
translucent architectures with MSPPs (MultiService Provisioning ?I:l:u;%?;i;ltlon rate are highly beneficial [6], [7] but remain

Platforms). Another switching paradigm of interest is offered by . . L .
the Optical Burst Switching (OBS) that manages finer granularity The aggregation process is crucial in an OBS architec-
transfers but that encounters contentions, potentially entailing ture and must be carefully designed as it impacts the OBS
high loss rates. performances. For example, burst size directly strikes the
In this paper, within the context of core networks, we de- aggregation delay, the FDL (Fiber Delay Line) efficiency, [8]

scribe a translucent OBS architecture that performs intermediae . - - .
re-aggregation and allows the reduction of the loss rate by the signaling overhead, and the traffic shaping. Atop these

interceding at two levels: Firstly, it provides sparse electrical ISSues, the definition of the aggregation queues is impbrtan
buffering accessibility and, secondly, it uses aggregation grooming In [9], authors show that distributing the incoming traffic
in order to reduce the aggregation delay and the traffic contentia  among several aggregation queues improves the goodput of
probability. A careful analysis of the traffic behavior in core  Tcp sources by reducing the impact of the synchronized loss.

networks leads us to propose an accurate traffic model, called . : A
LCH*, ie.. an enhanced Lost Call Held (LCH) model. Data All those considerations are relevant, but their imporéanc

plane transparency is then exploited to modulate the traffic atits depends on the equipment and protocols. In this paper, the
emission. Extensive experiments show that re-aggregation helpsdesign of the aggregation process will be driven by its impac
reducing the !oss proba.bility t_hanks to electrical buﬁers whereas on the traffic profile in a core network.

the aggregation grooming mitigates the drawbacks induced by  Because of the data plane transparency, the traffic profile is

electrical buffering on the delay and on the network cost. In e . .
addition, we show that the proposed translucent architecture ca not affected by switching operations and is thus completely

be highly valuable in clustered large core networks. defined at its emission. A deep analysis of the traffic in a
core network, from the data plane transparency up to the burs
I. INTRODUCTION arrival process in the core nodes has led us to the proposal of

the LCH" (Lost Call Held) model that accurately includes

Optical Burst Switching (OBS, [1]) has been proposed in th®BS specificities. Experiments put forward a reduction ef th
late 90s to address the coarse granularity issue of OCSo@ptnumber of overlapping bursts in the network.
Circuit Switching) that can severely undermine the tramspo A study of the aggregation and of the MAC processes show
capacity utilization under bursty or dynamic traffic. An OBShat the burst sizes and the number of aggregation queues are
network manages bursts (i.e., large aggregate of IP pgckgisrameters that strongly impact the overlapping occueenc
instead of circuits and, consequently, opens the posdsiluifi in a core network. Grooming must be considered to sidestep
statistical multiplexing. However, the lack of optical mery the stringent definition of aggregation queues imposed by th
dictates a transparent data plane. This is made possibleebytbpology. In the context of OBS, it has first been explored
use of in advance signaling protocols such as the JET (Jis{10] where "core grooming" is achieved with FDLs: Suc-
Enough Time) one. cessive bursts with the same destinations are moved closer s

The control plane load is reduced by the aggregatidhat they can be handled as a single longer burst. The work of
process: Several IP packets are aggregated into a burst | lingers the negative impact of small bursts, but does no
therefore signaled by a single header. The basic aggregatiovolve an aggregation process per se. In [11], small bursts
algorithm (see [2]) has been adapted to meet specific requiage avoided at the aggregation by padding them with traffic
ments related to, i.e., delay [3] or Quality of Service (QpB) from other connections. The electrical processing, mamyat
Transfer latency is reduced by the use of a one way resenvatito split bursts at some node is avoided in [12] thanks to aptic
Unfortunately, contentions can occur and their avoidance @emultiplexers. In this paper, we describe a translucens OB
resolution is the key challenge in OBS networks and tleore node able to perform re-aggregation. This architectur
most critical performance criterion. The contention raoh opens the possibility for AQ grooming and is thus expected
mechanisms operate either in time, space or spectral desmato reduce the contention rate. The aggregation improvement



compensates for the translucent architecture impairment 2 0O
terms of delay and network cost. The benefits of partitionin@/
the network into several clusters has been disclosed in [13p)
Clusters communicate throughout an intermediate nodiegdcal @/
master node. Master nodes can aggregate several burstsl tow
the nodes of the same cluster. However, intermediate disagg ®
gation is not considered, consequently hindering aggi@gat
grooming. In this paper, we will show the benefits resultind?
from the use of re-aggregation: It entails a large aggregati
grooming potential so that the loss probability, the delagl a  (a) A 3-stage binary tree  (b) Loss Probability on Tree and Star Topologies
the network cost are all reduced.

In Section I, we analyze the traffic behavior in a core
network. We describe the newly proposed LClthodel and
highlight a consequence of the data plane transparency:. In , ) ) ,
a core network, traffic is completely defined at the emissid observgd N thg ;tar topology is equivalent to the traffic
and can be described by a simplified model that confirms tA served in the original (mesh) network.
relevance of the Engset model. In Section IlI, we descrilee th HOWever, the_ star topology only provides allower bound of
emission process (i.e., the aggregation and the MAC |ayé|flja loss probabl!lty as bursts are not dropped in the saner o_r_d
and identify two parameters that can be used to exploit tHe POth topologies. We have compared the loss probability
Engset model. In Section IV, we propose our translucent Oggtained on the tree topology depicted on Figure 1(a) and its
core node model and describe the aggregation grooming tf§fived star topology with three wavelengths at 10Gbps per
allows, according to experiments presented in Section V/igk. We consider two traffic scenarios. In the balanceditraf
reduction of the loss rate, the delay and the network co§genario, the overall load is uniformly equally distritmite
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Fig. 1. Evaluation of the Star Approximation

Conclusions are drawn in Section VI. among all sources whereas in the unbalanced one, the load is
distributed so that; = 2 xa;_1, whereg; is the traffic amount
Il. OBS TRAFFIC IN THE CORE in sourceid. The initial overall load of8 Gbps is modified

The traffic, as observed inside OBS networks, has sevet§ing a multiplicative coefficient (varying between 0.5 and
peculiar features, making inappropriate a direct use oftmog in th.e. different trafhg instances (horizontal axis). Tlhes
classical results. In this section, we give a survey of theBEebability shown on Figure 1(b) reports the accuracy of the

features. star approximation in both balanced and unbalanced scasnari
A very small gap appears under very high load (but then the
A. Traffic Properties loss probability is unacceptable). Except for those paldic

1) OBS Transparency Propertytn a buffered network, scenarios of limited interest, the star topology can be aseal
mixing different flows modifies their characteristics. Haee faithful approximation, and we will go on with star topolegi
this is not the case in an OBS core network due to the dafathe sequel.
plane transparency. Indeg@, the gap between two successive 2) Loss Independent Arrival Propertythe burst arrival in
bursts is not affected by a node traversal and sequenéegore node is independent of the state of the output ports and
of bursts remain unchanged when going through a nodethe fate of the previous bursts. In addition, bursts suleahitty
except for some bursts that are discarded due to unresolgegiven input port cannot overlap. As a consequence, thiectraf
collisions ;(ii) the travel time between two nodes only dependytival in an OBS core switch can be described by the diagram
on the light propagation speed in an optical fib2p0, 000 on Figure 2: The input port either submits a burst of average
km.s™1) and the total traveled distance, whatever the numbeuration1 /. or waits7 time units before submitting the next
of traversed switches. burst. Due to statistical multiplexing, several conneatdi@an
Consequently, the traffic profile on a given limk— d is be superimposed and an input port can submit bursts from
completely defined at its emission and can be described by darge number of connections. Hence, the burst submission
derived star topology where each source is directly comaectrocess of an input port is a mix of several arrival processes
to r at the same distance as in the original topology. In the context of our study, we do not attempt to give a precise
For a given topology, let us extract the sub-graph thagccount of the arrival process and we simply assume that the
contains only the links carrying traffic toward a given linksilent periods are exponentially distributed, in orderitopgify
r — d. The inter-arrival between two burstsin— d depends the comparison of various scenarios. The analysis undee mor
on their emission date and their respective traveled distargeneral processes is left for a future study.
(since they do not necessarily use the same path). Except fowwe denote by\ = 1/7 the average silent period of the
dropped bursts, if the same burst emission process is usednhjput port. The burst submission remains the same, whether
the star topology, as the travel distances are identicalbtinst the burst is dropped or served. In the example, bistis
arrival dates are the same in both topologies. The reversalispped, but this event has no impact on the next arrival.
also true. Again, except for dropped bursts, the traffic that the sequel, an input port is referred to astive for the



Fig. 2. Core Network Traffic Arrival
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the transparency assumption implies that if a burst is serve
the input port and the output port remains both active as long
as the input port keeps on receiving data (i.e., for the whole
duration of the burst). Those two properties imply that gouin
port is active for the whole expected duration of each burst,
whether the burst is served or dropped.

Figure 3 describes the model of an outgoing link with
output ports (servers) anfl identical input ports (sources).
In state(s, j), ¢ servers are busy (and associated withput
ports currently receiving data) andbursts are being dropped
(i.e., 7 input ports are currently receiving data to be dropped).
Consequently; + j sources are active arftl— (i + j) sources
(qualified asidle) can submit a new burst (the birth rate is
(S —i—j)N). If a wavelength is availablei < W), the next
burst is served and the system switches to state 1,7)

(the input port is connected to a server and remains active fo
the duration of the burst). Otherwise £ W), the burst is
dropped and the next state(i#/, j + 1). Here again, the input
port remains active as long as it keeps on receiving bursts,

although they are dropped (in opposition to an Engset system
where an input port would stale).
When an input port stops receiving data, it becoritds
(i + j is decreased by one). If its burst has been dropped (rate
whole expected duration of the burst, whether the burst &), @ “dropped input port” becomadle and the next state is
successfully transmitted or not. (i,j — 1). Otherwise (ratep), a “served input port” becomes
When we observe a group oW input ports, a direct idle and a server is released, leading to state 1, j). Such

consequence of the above remark is that the number of acv&ehavior differs from the LCH model where a server that
ports is distributed according to a binomial law: becomes available can serve the remaining of a burst being

dropped (the system switches to statej — 1) if j > 0 and

Fig. 3. LCH'" Model

P(n) = <N> a™(1—a)N 7, (1) to statei — 1,0 otherwise).
n The solution of the LCH model provides the probability
where« stands for the load offered by a given source: P, ; for the system to be in statg, j). A client is rejected
1 1 if it is submitted while the system is in any st&f@’, j). The

loss probability is the ratio of the rejection rate over tbtat

T pptT) 1t o
submission rate:

B. OBS Core Network Traffic Model (LCHi

Traditional models assume that requests (packets, rexuest S (N — (W +14)Pw,
for connection, etc.) arrive according to a Poisson ProCeSS| CH* (o, N, W) = i=0 )
where Erlang model applies. In an OBS core network, how- i": N*W*(N (w+7))P
ever, any node multiplexes a finite (usually small) number of w=0 iz

incoming links and Erlang model must be replaced by models
that take profit of the finite number of sources such as thé
streamline effect [7] or the Engset model (see, e.g., [14])[ Consider an optical link with two wavelengths at 10Gbps.
Those models do not reflect the independent arrival propertgt an overall incoming load of 4 Gbps be equally distributed
The model proposed in [16] can be easily adapted to reflégnong.S input ports requesting and following the behavior
the independent arrival property, but describes Poissoress. described in Section 1. The loss probability predictioes r
As far as we know, only the “Lost Call Held” model (LCH)ported on Figure 4 validate the relevance of the L'Ckhd
[15], [17] combines the finite number of sources and thengset models whereas the streamline formula [7] quickly
“independent arrival property”, but it unfortunately debes converges toward the Erlang-B loss formula that overeséma
a system where segmentation is performed [18]. We describe loss.
below a variation (LCHY) that discards the burst segmentation. This simple experiment illustrates that, at equal loadsit i
We assume exponentially distributed burst sizes and defimeneficial to reduce the number of sources. In our study, a
a; = 1/(1 + ;) and \; = 1/7; accordingly to Section source is an input port. Assuming full wavelength conversio
[1-A2. permutation of the wavelengths in the wavelength assighmen
Because of the independent arrival property, the state of l@ads to an equivalent configuration and, if we systemdyical
input port is independent of the state of the system. In addit select the available wavelength with the lowest index, the

Impact of a Finite Number of Incoming Flows



o
o
>

B. Medium Access

The MAC layer is responsible of the wavelength assignment
and the scheduling of newly aggregated bursts. Denoting
treapy the date the burst is aggregated av(d its offset time,

] the medium access controller looks for a wavelength availab
LCH —— at timetgeapy + OT for the whole duration of the burst.
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002 Streanine At that point, however, the burst emission can be postponed
Engset . . . .
oLl d .. .. Simuation— to meet the emission objective. Especially, the MAC layer ca
2 4 6 8 10 12 14 16 18 20 serialize the emission of the bursts to limit the overlagpin
Number of streams degree to a maximum valug@™x, In that case, a burst is
Fig. 4. Influence of the Number of Sources delayed if, at its arrival in the MACQ™* or more bursts are

being emitted. Such events increase both the medium access
delay and the required buffering capacity.

number of sources seen by an optical lilkequates the C. Observation of the Emission Process

maximum number of overlapping bursts requestihgits
PpIng q q 1) Impact of the Aggregation ProcessThe bursts are

overlapping occurrence value is denote . Thanks to the
pPINg &by aggregated according to an Erlang-N distribution whose CDF

data plane transparen can be controlled at the emission. - J S X . o
P P @ (Cumulative Distribution Function) is plotted in Figureay(

with packets arrival ratd = 1 and various bursts siz&¥. Two

bursts overlap if their inter-arrival is shorter than thairration
In this section, we describe the aggregation and the MAG/ = Np/C), i.e., with probability f(1/u, N, \). Figure

processes and investigate how the emission process impagty plots such a probability regarding and the load of the

IIl. BURSTEMISSION

the overlapping occurrence in a core network. AQ. It reports that the overlapping probability decreasés w
larger N as confirmed in Figure 5(c) that plots the overlapping
A. Aggregation degree ;) measured for similar experiments. Figure 5(c) also

Aggregation takes place in aggregation queues (AQs) méﬁyeals that, for a given !03&@ is reduced if less AQs are
aged by ingress nodes. Each AQ is assigned a particdfAfolved. For example, withV = 10, up to three bursts will
combination of traffic characteristics — usually an opticAverlap if a load ofl.6 Erlang is handled by a single AQ,
egress node and possibly a class of service — and stores{RISUS 4, 4 and 16 with respectively 2, 4 and 8 equally loaded
incoming IP packets that match with those characteristi@RS- . i
Once the aggregation is completed, the packets in the AQ ard-6t US now evaluate the impact of the aggregation on the
grouped together into a burst and sent to the MAC layer gbss probability and the delay. The S|mulat|0p involves two
that they are all signaled by a single header. ingress nodes connected to a core .nodEach ingress node

The burst is triggered either once the AQ reaches a givgﬁnerates a_load af6 Erlang competmg for four wavelengths
size or after a timer has expired. The former solution sne|spliIn v. Incoming packets are uniformly sp_read among 1, 2,
bursts of equal sizes but the aggregation duration incsfase 4, 8 or 16 AQs that generate bursts of sMe_papkets. we
low loaded AQs. The latter solution bounds the aggregati&?sume el schgdules the burst EMISSIONS as soon as
duration, but low loaded AQs generate small bursts aR@SSiPle- The loss probability plotted on Figure 5(e) comdir
increase the signaling overhead. A combination of botledait the positive impact of the reduction of the overlapping eegr

is commonly accepted as a reasonable compromise [2]. Sev@ the loss probability. Concentrating A,‘QS systematically
variations have been proposed to improve the aggregat uces the loss and reduces the aggregation delay (aseéflec

rocess (e.g.. [3]) but all basically conform with the désed Y the end-to-end delay reported on Figure 5(f)). Increasin
Fnechanigmg [3]) bu i W the size of the bursts helps reducing the loss rate, but the

Delay consideration apart, several contributions argued |[nprovement decreases when increashigvhereas the end-

favor of bursts with a fixed size (e.g., [19]-[21]). We assumtg -end delay continuously increases with. Note that the

here that all bursts have the same sizg, wherep is the size Increase of the aggregation delay induced by longer bursts

of the packets arriving according to a Poisson process]‘éndcarz1 bﬁnc‘;r;pgpfﬁéeﬁﬂ 2%/: gr(()JI(i)CmLZQ '?Ssa.uion rocess apart
is the number of packets. The service rate is denoted by ) Imp policy-Aggreg P part,

C/(Np) whereC is the transport capacity of the wavelengthst.he overlapping degree can be controlled by the MAC. In

The mean aggregation duration amountato\ and the bursts particular, the MAC can be configured to restrict the number

are submitted to the MAC layer at a rate= \/N following Zf W?_\ﬁle:'ngt?hs Zlmltanteotl;s%r%%d b%tt?ne t?]urf\jli\gf t? f%l'Vren
an Erlang-N distribution. Q. This method impacts the time spe e uffers

and consequently the buffering capacity requirementsurgig
N-1 5(d) plots the average medium access delay regarding tde loa
fl,N,\)=1- Z e~ (\x)"/nl. (3) of the AQ and the overlapping restrictiér"a* for N = 10. It
n=0 suggests the relevance of using aggregation to shape ffie tra



For example, with2™a* = 2, bursts generated by a single AQ
load atl Erlang will spend aboud.1ms in the MAC whereas
they will spend0.7ms if the load is spread among two equally
loaded AQs restricted to one wavelength each.

|
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V. INTERMEDIATE RE-AGGREGATION AND ; N —
AGGREGATION GROOMING P 5 ””””””
. . . (MAC)
To generate traffic that conforms with the favorable profile &
; (
L

identified in Section Il, we propose to feature re-aggregati ]D ] — ApD
in OBS core nodes. This architecture offers access to alaktr
buffers and opens the possibility to aggregation queuengroo
ing that should improve the aggregation process and dexreas
the overlapping degree in core networks.
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Fig. 6. Re-aggregation Capable Node Architecture

A. Re-aggregation buffer requirements and the delay increases are experthent
Intermediate re-aggregation is close to grooming in OC8yaluated in Section V.
carried out by MSPPs in the electrical domain: A connectioQ A .
is not necessarily served all optically from its origin tg it Q grooming
destination, but can be subject to electrical processispme At a given ingress node, packets with different destination
intermediate nodes. can be mixed in the same burst if re-aggregation is performed
Figure 6 presents the slight modification of the OBS nod@mewhere during its journey. In other words, several aggre
architecture that can be found, e.g., in [22]. The node op@ation queues can be merged. It can can be exploited in two
ates as an edge node — receiving incoming data from ADERYS: (i) The resulting AQ is more loaded, speeding up the
ports to be sent into the network — and as a core nodeaggregation procesg(ij) The reduction of the number of AQs
receiving optical bursts from other nodes of the networke THeduces the overlapping occurrences (see Section Ill-@hwh
new incoming traffic is sent to the aggregation module. THe favorable from the core network point of view (see Section
bursts arriving from optical ports either cut-through th@As 1) and simplifies the MAC procedures.
(Semiconductor Optical Amplifier) array toward the next OBS On Figure 7(a) and Figure 7(b), we assume traffic from
node or are directed to the disaggregation module. In therlathodes v; and v, to nodeswvsz and vys. C;; denotes the
case, we propose to make it possible to re-inject part of taennection fromy; to v;. With end-to-end aggregation (Figure
disaggregated burst into the aggregation module. 7(a)), each ingress node manages one AQ per destination and
Encapsulation of each packet can be considered to keep i@ bursts compete in switch; to reachS;. If re-aggregation
OBS layer independent of the packet format. By attachirg featured inS, (Figure 7(b)), ingress nodg only maintains
a label to each packet to specify its final destination, tree AQ that mixes packets @f; 3 and C; 4 in bursts sent to
disaggregation module can easily differentiate the pact@t S2. The surviving bursts are disassembledn that maintains
be sent to the DROP port (those whom final destination @gie AQ per destination, regardless of the origin.
reached) from those to be resubmitted to the aggregatiorConsider the example of Figure 7 withh = 10 and
module. The labels can however be coded on few bits and g@nections load d.5. The maximum number of overlapping
involved overhead should not impact the resource utitirati bursts arriving inS; (denoted byflg,) is eight (two for
efficiency. each connection according to Figure 5(c)) with end-to-end
The re-aggregation offers access to electrical bufferimd) aaggregation. With re-aggregation featuredS9s aggregation
can be seen as a reactive solution to the loss issue in OBSginoming allows the reduction dls, to 6 (three per flow
the next section, we will describe how it can be used to prérom v; to S3). Simulations run under the assumption of
actively help reducing the loss probability. Note that éiddal four wavelengths per link, confirm the correlation betwema t
benefits can be expected regarding, e.g., the reductionoverlapping degree and the loss rate (Figure 5(e)): Inorgas
the offset based priority (see [1] for more details) and th&e burst length and reducing the number of AQs contribute
retransmission process (as retransmission is performeteby to reduce the loss rate. Figure 5(f) illustrates the benefits
last aggregation node, the notification delay and the amowggregation grooming regarding the end-to-end delay (from
of resources wasted by a dropped burst are reduced). 6.10~2 ms t08.10~* ms): Merging AQs increases the load
We next discuss two possible drawbacks. Firstly, the ref the resulting AQs and reduces the aggregation delay. Note
aggregation could increase the cost of the network. One dhat the reduction of the overlapping degree should reduce
expect a fixed cost reflecting the additional connectionisléns the probability to delay a burst in the MAC and consequently
the node and a variable cost induced by additional elettriceduces the medium access delay.
buffering capacity requirements. i
Secondly, re-aggregation implies additional aggregatiofy: Grooming Strategy
disaggregation and medium access procedures and may inAe conducted the experiments with the use of a greedy AQ
crease the related delays (denodggh, dpeacs @aNdduac). The grooming strategy. For a given routing configuration aneégiv
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Fig. 7. Re-aggregation Example

the setR of re-aggregation capable nodes, we groom as maRgisson distribution.

AQs as possible so that the routes are not modified. Thus, if

v e R, AQs A% and Ay managed in node’ are groomed A. Performance on Plain Network
if their bursts reach,. via a common sub-path. Consequently,

every packet that uses the same path from a néde v are is a set of R re-aggregation capable nodes. The routing

handled by a single AQ. ) ) configuration is obtained with the model proposed in [27]
In v, the cqntent of the dlsaggregated pursts is sorted amo(ﬂgaims to minimize the load of the bottleneck). The re-
AQs depending on the next disaggregation node. aggregation capable nodes are selected so that the amount of
groomed flows (with the grooming strategy of Section IV-C)

is maximized.

We use the EONET topology and the traffic matrix found Figure 8(a) reports the loss probability witR € {0,1}.
in [23] with C' = 10 Gbps. The overall load is tuned withFirst note that, as observed in Section IV-B, increasing the
a multiplicative coefficient. Full wavelength conversios iburst length reduces the loss probability: With = 0,
featured in every node using equipment described in [24], [2increasing N from five to 10 and 20 packets successively
so that the conversion delay can be neglected. We assume thdtices the loss probability fron6.4x10~* to 4.1x10~* and
Opto-electrical conversion is performed at the same ratheas 3.1 x 10~* with a traffic multiplicative coefficient 00.9. The
transport capacity.1 ms.Mb~!. The header processing timebenefits are reduced with higher loads, but remains significa
is set to50us ( [22]) whereas the guard time can be neglectgdrom 0.023 to 0.017 and 0.013 with a traffic multiplicative
above hundreds of nano-seconds (the switch reconfiguratmefficient of1.1). The re-aggregation{ = 1) reduces further
time is evaluated to few nanoseconds in [26]). Incominidpe loss probability. WithV = 10, the loss probability is
packets have equal sizes Mb) and arrive according to areduced fron25% under high load up t80% under low load.

In this first set of experimentsiy is set to30 and R

V. EXPERIMENTAL RESULTS
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Fig. 8. Experimental Results on plain EONET

The delay (Figure 8(b)) increases with the use of longétaster nodes manage one AQ for each node of its cluster
bursts, but is reduced if the load increases or if re-agdi@ya (downstream) and one AQ for each master node (upstream).
is used. It fluctuates in the same direction as the aggregatie compare the electrical buffering requirement (Figuig))9(
delay (see Figure 8(c)) because the aggregation procegs pthe loss probability and the delay (Figure 9(b)) of three
a major role in the end-to-end delay. If the load increasesynfigurations: The classical OBS-JET (no re-aggregatizh a
the aggregation delay is reduced and impacts the end-to-ermdaggregation grooming, NRNG), the clustered architectur
delay. Similarly, the re-aggregation allows AQ groomingl anwith re-aggregation but without aggregation grooming (RNG
also contributes to reduce the aggregation delay and compand the clustered architecture with both re-aggregatich an
sates for the increase of the disaggregation (Figure 8(&)) aaggregation grooming (RG).
medium access delay (Figure 8(d)) that are performed moreThe simple use of the re-aggregation (RNG vs. NRNG)
often. Note that the contribution of the MAC delay becomesduces the loss probability thanks to the electrical binffe
significant under high load (traffic multiplicative coefécit in the gateways. The counter-part of re-aggregation is the
> 1.2). It is however less impacted with longer burstssignificant increase of the end-to-end delay (arod®i4) and
because the reduction of the overlapping degree increhsesthe need for abouR0% more electrical buffer resources in
wavelength availability. the MAC. The aggregation grooming (RG) allows overcoming

The use of re-aggregation can also impair the deldy ifi- those drawbacks and achieves the best of NRNG and RNG:
creases above a given limit (Figure 9(a)). The loss proitabil The high grooming potential resulting from full re-aggrega
is systematically reduced by additional re-aggregatiqpabte overrides the delay impairment due to electrical buffering
node thanks to the effect of the AQ grooming on the traffiand globally reduces the end-to-end delay beyond OBS-JET.

profile and the better access to electrical buffering. The reduction is more visible under low load since the burst
aggregation delay is severely increased if aggregatioangro
B. Performance on a Clustered Network ing is not performed. The use of aggregation grooming also

In [13], the authors show the benefits of partitioning th&ignificantly reduces the loss rate as compared with singgle r
network into several clusters. Clusters communicate viaaggregation. This illustrates the benefits earned by redubie
master network in which each node acts as a gateway foP\erlapping degree. Finally, the aggregation groomingiced
given cluster. The master nodes can aggregate severa buf¢ memory requirement by half, firstly because the number
together in the upstream direction but do not disassemi§IeAQs is reduced, but also because, the bursts are lesy likel
bursts so that aggregation grooming cannot be used. overlaping and spend less time in MAC buffers.

Although full re-aggregation in the master nodes increases
the complexity of their aggregation process, it offers ahhig
aggregation grooming potential. Figure 9(a) presents a-clu The buffer-less nature of OBS implies a particular behavior
tered EONET topology. Eight clusters are defined, linked by a core network that is accurately described with the ECH
their master nodes that perform re-aggregation of the draffnodel. The data plane transparency has then been exploited
from / to its cluster (i.e., at the entrance and exit of ® propose a simplified loss approximation technique that
cluster). Consequently, a non-master node can mix any ddtacloses the importance of the emission process: It cdsiple
to be sent towards its master node or outside its clustdefines the traffic profile in the core. The relevance of the

VI. CONCLUSIONS
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Fig. 9.

Engset model in the core suggests to reduce the overlappirg
degree at the emission. We identified two impacting parami!
eters of the aggregation process: The number of aggrega-
tion queues and the burst length. To sidestep the topology)
constraint that governs the aggregation queue definitian, w
proposed a translucent architecture able to perform irgdirm [13]
ate re-aggregation. This architecture offers access tiriclal
buffering and opens the possibility to aggregation gro@min
to reduce the aggregation delay (so that the bursts can be
lengthened transparently) and the overlapping degreeddir a [14]
tion to the significant reduction of the loss rate, experiteen
run on the EONET network revealed that the improvemthS]
of the aggregation earned by aggregation grooming can hide
the negative impact of electrical buffering on the delay. We
envisioned the re-aggregation in cluster interconneatiotes [17]
and showed that the high aggregation grooming potential in
such a case allows to reduce the loss rate, the delay and [tlré?

network cost.
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