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Abstract—This letter describes a novel network architecture et o Input l::it-rate Corebbit-rate
combining optical burst switching with dynamic wavelength allo- packet address o buffer  Pee

cation to achieve a guaranteed quality of service. All processing @@|_nx39
—

and buffering functions are concentrated at the network edge [/
and bursts are assigned to fast tuneable lasers and routed over ~pajeas X = ] N
a bufferless optical transport core using dynamic wavelength i = . Jneable

non-blocking  pre-sorting: >, lasers

assignment. Burst aggregation is evaluated for a range of traffic _ outputbuflered " castination (D)
statistics in terms of delay and packet loss rate, and an analytical 2usy7e sten . cos ()
model is given to quantify the benefits of dynamic wavelength I'. A i g

reuse. The results define the operational gain achievable with =ggregated burst
dynamic wavelength assignment compared to quasi-static wave-
length-routed optical networks. Fig. 1. Edge router model for the proposed WROBS architecture linked to the

L. . . optical core network.
Index Terms—Burst switching, networks, optical communica- P

tions, packet switching, wavelength-division multiplexing, wave- . ) ) o
length routing. edge delay, core-to-input bitrate ratio, and the round-trip time.

These results quantify bandwidth utilization and dynamic wave-
length allocation gain, and define the bounds on the overhead
time required for acknowledged lightpath assignment under dy-
N FUTURE telecommunication networks, traffic with dif-namic network control.
ferent performance requirements will be merged in the same
physical layer, and will require new, adaptable network archi- Il. NETWORK ARCHITECTURE AND BURST AGGREGATION

tectures. Although quasi-sta_ltic We_lvelength—ro_uted optical net-rpq analysis in this work extends that proposed in [6] and
works (WRONS) [1] are relatively simple to design and operatg pased on the WROBS architecture shown in Fig. 1, where

they are not easily adaptable to dynamically varying traffigecironic edge routers are connected to an optical core. The
and optical burst-switched (OBS) networks [2]-[5] can poteRy,tica| core is assumed to be transparent by using dense wave-

tially more .efficiently accqmmodate dynamic traffic Variatio”?ength-division-multiplexing (DWDM) transport and active or
by appropriately aggregating packets at the network edge. HQyssjve routers to avoid the processing of header information
ever, most conventional OBS schemes assume unacknowle buffering in the core routers [7]. It is assumed that there

one-way reservation of network resources, and thus, cannot {ake, \avelength conversion in core nodes, since it was pre-
into account quality of service (QoS) differentiation, or suffey;, sjy shown that the wavelength requirements are only mar-
from high burst loss rates (PLR) [4] at high traffic loads. Regina|ly reduced if wavelength agility is provided at the network
QUcmg loss rates for high pI‘IOI’I.ty _trafflc I_eads to s|gn|f|cantl)édge [1]. Packets are presorted in the edge routers according to
increased loss rates for lower priority traffic, the overall networlf,qjr ¢|ass of service (CoS) and destination into separate buffers,
performance, and is especially unfair for longer bursts [S]. Tgygreqgated to bursts, and dynamically assigned to an available
reduce burst loss, full wavelength conversion must also be %ivelength; this occurs either when packets are dropped due to

sumed, and wavelengths are not used for routing, but to provifiexer overflow, or when a timeout signal dictates the release
point-to-point connections only. To overcome these limitationgs ime-critical packets to meet latency requirements. The in-

a wavelength-routed OBS (WROBS) network architecture WaS red delay in the edge routér,. is, thus, both determin-

proposed in [6], the main features of which are acknowledgedic ang adjustable to meet the latency requirements of dif-

Waveleng_th reservation v_wth guaranteed latencies. In this |ett@’rent traffic classes. Once predefined performance parameters,
we describe new analysis and results on the burst aggregaligiy, a5 |atency or packet loss rate (PLR) are exceeded, a wave-
process at the network edge, and the tradeoffs in the designgyih request is sent to a control node, an acknowledgment is

received, and the buffer content is dynamically assigned [8] to
a free wavelength.
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Fig. 3. Mean wavelength reuse factor (RUF) as a function of the edge delay

. . . ) . t.aze and bitrate ratiod for overhead time,,,a = 5 ms.
Fig. 2. Simulation results for burst size and PLR as a function of the edge

delayt.q,. and a mean input bit ratein = 10 Gb/s for different packet length
and packet interarrival time statistics. ) ) .
on a network with a 1000 km diameter. The equivalent band-

width used by a lightpath is defined as bandwidth-per-wave-
r : .  HISTHDS lengthBPW = Ly, /twar. FOr high resource utilization in
i) fixed packet length, Pareto inter-arrival distribution;  tne physical layer, it is important that a given lightpath is used

In all cases, the minimum packet length was 5 kB= 1.5  thys, be defined as

for the Pareto distribution [6]. The Pareto distribution describes
traffic burstiness in data networks, and the Poisson distribu- BPW
tion is an established traffic model in circuit-switched networks. U=
Longer edge delays may be appropriate for less delay-sensitive
best-effort type traffic, and will reduce wavelength requirements s . > b, can be assumed for a high-speed optical core
with dynamic network operation, as shown in Section Ill. ¢ « teage. IN this case, the time required to transmit a

It can be seen from Fig. 2 that the largest variance grst, and therefore, the time for which a given wavelength is
both burst size and edge delay distribution was observgged is much shorter than the edge delay. In the case of dynamic
for case i, resulting in significant packet loss and reducingavelength allocation, an unused wavelength can be assigned to
the allowable edge delay accordingly. To maintain a meafmother edge router, and the resultant increase in the wavelength

PLR < 107%t.e. <28 ms is required for case i, whereaseyse is denoted by a wavelength reuse factor RUF defined as
the same PLR can be achieved for edge delays up to 38 ms in

case iii. The results indicate that the burst sizes in the WROBS fodoe
scheme are not only significantly larger compared to other RUF = ; £ = 13 ;
OBS schemes [2], [3] with a few MB of size, but that the WHT ovhid F Tedge
mean burst-size behavior can be approximated by a continugyg is plotted in Fig. 3 for 0 MS< fegge < 200 Ms,0 < A <
bitrate (CBR) model. 100, andtqwa = 5 ms. These results clearly show that with
this network approach the following different types of traffic
could be accommodated: low delays, required for time-critical
types of traffic, are achievable, but with low values of utilization
In this model, a uniform distribution of packets addressed f§, €specially for large bit rate ratios. It is possible to design a
other edge routers and no loss of packets in the output-que@@vork withl/ > 80% for A > 10 and delays> 50 ms. From
switch are assumed. The time duration before a burstis assighiéd 3. it can be seen that RUF reaches maximum values with
to a free wavelength, and released into the network is defin@th increasing.qg. and-A. For comparison, Fig. 3 also shows
as the edge delay,.. As described in the previous section, &€ equivalent to the case of a static WRON whigtél” = 1.
CBR traffic model was assumed, for which the burst digg... FOr values oRUF < 1, the network would theoretically require
increases linearly with the edge delByy.; = tedge - bin. The MOTe wavelengths than in a static WRON, and this represents the
wavelength holding timewyr denotes the period for which aregion of network instability, where the total input load exceeds
given wavelength is assigned, typically in milliseconds the network throughput.
The time to set up a lightpath ts,1,q4, required for signalling
between edge routers and the network control element, either
Liyuest tedge central or distributed. To ensure tii&E > 1 as defined in (3),
= fovhd + — @) itis required that g < (A—1) tedge/A © tovhd < tedge fOT
A > 1. The variation of RUF is plotted against,i,q for given
whereA = bgore/bin 1S the bitrate ratiot.,,q is the overhead edge delays (10, 20, 50 ms) add= 20 in Fig. 4. An important
time required for the lightpath setup, including propagation deesult is that ford 3> 1 as in high core bit rate networks, a high
lays. In these calculations, a value of 5 ms was assumed, basagse factor is achieved only fay,,,q of a few milliseconds. It

i) Pareto packet length, Pareto inter-arrival distribution;

tedge
= . 2
bcore A bovhd + tedge ( )

A tedge

—A-U. (3

I1l. NETWORK MODELING RESULTS

twHT = fovhd +
bcore
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arange of edge delays to satisfy the latency requirements of dif-
ferent traffic types using the same physical infrastructure. Band-
width utilization and wavelength reuse were introduced to cal-
culate the gain with dynamic wavelength allocation, which has
the two-fold benefit of reducing wavelength requirements and
enabling the network to respond to variable traffic demands.
For the proposed network architecture wavelength reuse factors
greater than 25 and 10 could be achieved for edge delays up
to 170 and 50 ms, respectively. The time required for lightpath
setupt.yna IS @ lower bound on the achievable edge delays and
Fig.4. Wavelength reuse factor (RUF) as a function of the overheadsime musF be minimized b_y a fast RWA_‘ algorlthm' The results are
for edge delays$.q,. = 10,20, and50 ms. Shaded region: Network requiresapplicable to the design and the dimensioning of WROBS net-
more wavelengths than a static WRON. works and the optimization of RWA algorithms under dynamic

network control.
should be noted that to achieve efficient wavelength reuse, the

lightpath setup time must be as small as possible, and for a fixed
tedge, the upper bound in RUF is given BUF . = A.

The proposed architecture can, therefore, accommodatey. Diiser would like to thank IEEE LEOS for the Graduate
traffic with a wide range of delay requirements over the san®udent Fellowship award in 2001. The authors would like to
network. Delay-sensitive traffic, such as voice, would only bgank colleagues at UCL: J. E. Midwinter, I. De Miguel, G.
queued at the edge for 10-20 ms before being assigned tgaioli, R. I. Killey, E. Kozlovski, and A. Myers, as well as D.
free wavelength with the penalty of a relatively low reuse factQr Wischik (Cambridge University) and S. P. Ferguson (Marconi
(<5) as shown in Fig. 3. Less delay-sensitive traffic, suadbommunications) for valuable inputs.
as data, can be routed over the network in parallel, but with
longer edge delays allowing for a higher reuse of wavelength
resources.

The lower bound for the required edge delay is the over-[1]
head time required for lightpath settpq as shown in Fig. 4.
Providing, therefore, the acceptablg,. significantly exceeds
tovhd, high values ofA > 10 allow to improve network de-

Re-use factor (RUF)

overhead time [ms]
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