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Abstract—We examine the effect of optical switching speedand In JET OBS, resources are reserved in the switch for
edge traffic-grooming strategies on the performance of premium- exactly the duration of the burst [4], so other bursts can be
class trafflc_ln multl-_class OBS networks. While previous studies scheduled in the time period between control packets and
have examined optimal burst assembly and optimal offset pro- their bursts. Multipl | be impl ted in JET
visioning, this is the first study to examine both simultaneously er urs_ S. Mu _Ip € classes can be Implemente . In
and the first study to include the effects of finite optical switching OBS by introducing an extended offset between high-class
speed. We find that the minimum achievable premium-class bursts and their control packets [4]. Increasing the size of
blocking probability is limited by the optical switch reconfigura-  this offset will generally increase the priority of premium-

tion time and the premium-class delay requirements. We present | r her r ing their blockin r ili
an analytical method for finding the optimal combination of class bursts, thereby decreasing their blocking probability.

burst-assembly timeouts and offset sizes at the ingress of thePremium_—cIass throughput can also be improved bY increas_ing
network that maximizes the premium-class performance. Via a the duration of the premium-class burst-assembly timer, which
numerical study, we examine the relationship between optical increases the average burst length and, therefore, decreases the
switching speed and the maximum achievable premium-class gverhead due to switching guardbands. Thus, designers have
performance. We find that there exists a cutoff switching speed v variables that they can select at the network ingress to
beyond which further speed-ups vyield negligible throughput . . .
gains. We give a direct expression for this cutoff switching NCrease premium-class throughput at the cost of increased
speed as a function of the premium-class delay constraint and Premium-class delay.
desired low-class switching overhead. For a system in which the A number of applications carried by premium-class bursts
premium-class delay guarantee is 20 ms, this cutoff was found may have strict delay requirements that limit the maximum
to occur at approximately 10 pis. permissible ingress delay. Thus, OBS designers must decide
what fraction of the ingress delay should be allocated to
each of the burst-aggregation time and the offset time to
Optical Burst Switching (OBS) is a promising architecmaximize the premium-class throughput. Although there have
ture for accommodating bursty traffic and providing sulbeen previous studies on optimal burst assembly in OBS [5],
wavelength granularity in WDM networks. In OBS, packetfs], none have considered the additional degree of freedom
are aggregated electronically at the ingress of the netwailforded by extended offsets or the effect of optical switch
into long bursts that are forwarded all-optically through thgeconfiguration times.
network. The header and payload of bursts are separated by, this paper, we examine multi-class OBS systems in which
a time offset to allow for the time required to electronicallfigh-class performance requirements are specified in terms
process the header (control packet) at intermediate nodes Bk blocking probability and delay. We describe methods for
Because it employs electronic control-packet processing agélecting the burst-assembly timeout and offset size to satisfy
assembles packets into long bursts, OBS does not require fifiscking and delay performance requirements, and we derive
complex optical processing or the ultra fast optical switchingn analytical model that quantifies how the optical switching
typically required for optical packet switching, yet still retaingpeed and premium-class delay constraint, together, determine
much of optical packet switching’s flexibility and efficiency. the minimum achievable premium-class blocking probability.
In this paper, we consider Just-Enough-Time (JET) OBSsing this result, we present an expression for the target
systems [2] with full wavelength conversion, no FDL bufferspptical switching speed of a given system as a function of
and timer-based burst assembly. Timer-based burst assemhé desired low-class overhead and the maximum allowable
has been proposed as a practical burst-aggregation schemgjfemium-class ingress delay.
delay sensitive traffic, as it bounds the ingress delay experi-
enced by incoming packets. At each ingress buffer, a timer is
started when the first packet arrives. Packets accumulate in the
buffer until the timer expires, at which point the entire buffer In this section we derive an analytical model to compute
contents are transmitted as a single burst [3]. the premium-class blocking probability in multi-class OBS

I. INTRODUCTION

Il. ANALYTICAL MODEL



systems that use timer-based burst aggregation and that rw 6
non-zero switching times. E

We assume that the input traffic follows a self-similaa® g
process with a Hurst parameter Af, a coefficient of variation
of C,, and an offered load gf. We also assume that a timer-
based burst-assembly mechanism with a timeout (or threshc £ 4
value off is applied to incoming traffic. For blocking analysis §
purposes, the resulting post-assembly burst stream can
accurately modelled by a Poisson burst-arrival process w
mean arrival rate/0 and a Gaussian burst-length distributior
with meand and variance”,,0%H [7].

To model the overhead due to the non-zero optical swit @
reconfiguration time, a switching guardband of constant leng & 1|
Tsw IS added to each burst. The resulting burst-length dist £

io reshold

burst aggregat

bution will be Gaussian with a mean 6f+ r,,,, a variance £
of C,0%H, and a distribution function of %
High-class offset, Q _[ms]
1 I —0 — Tow h

Fig. 1. The area to the right of eaébb;, curve contains operating points that
The arrival time of each burst will be shifted by a constarsgtisfy a particular premium-class blocking probability requirement. The area

; ; ; ; : : the left of eachD;, curve contains operating points that satisfy a particular
value, so the arrival process will remain Poissonian with me%hmium—class delay constraint. The intersection of two such regions defines

arrival ratep/6. a feasible operating region, as indicated by the shaded region for the case of
In [8], we derived an expression for the blocking probability?sr < 107> and Dy, < 6 ms.

of the premium class in a multi-class OBS system with an

arbitrary number of channels, arbitrary burst-length distribu-

tions and arbitrary offsets. Using this result and the distributi¢h = 2007, and focus on the optimal selection of the high-

in (1), the premium-class blocking probability in a two-clas§lass ingress parameters.

OBS system using timer-based burst aggregation and non-zero

switching time can be expressed as A. Feasibility Region of Ingress Parameters
W=l 0 oy Here we examine an OBS system with 16 wavelengths
Pbp=1-> h e' (2) and an optical switching time of 5@s. The offered loads
m—o of premium-class traffic and best-effort traffic were 1 and 5
where respectively. The input traffic stream of both classes consisted

(O + Tow) of self-similar Fractional Gaussian Noise processes with Hurst

—_— parameter and coefficient of variation of 0.78 and 0.1 respec-
On a, tively (inferred from the Bellcore traces [9]).

+ p‘f{gé ey — l/ 1— erf<lofTsw)dl}_ We define the blocking probability and delay requirements

Z 2o V20,0, of the premium-class traffic aBbj** and Dj*** respectively.

()  We define thefeasible operating regioms the set of burst-
and wherelV is the number of wavelengths in the Systen{:}ggregation times and.high—class offsets that simultaneously
6, and 6, are the low-class and high-class burst-assembilisfy these QoS requirements.
threshold values respectivelyf, and C,, are the low-class Fig- 1 is a two-dimensional representation of all possible
Hurst parameter and coefficient of variation respectively, ag@mbinations of premium-class burst-assembly timeout and
O, is the size of the premium-class offset time. Although weffset values. Any given delay or blocking probability re-
consider a two-class system here, the model can be extenfléiiement can be represented as a curve on this graph. The

Nh =

to an arbitrary number of classes. area to the right of eaclb;, corresponds to operating points
that satisfy a particular premium-class blocking probability
IIl. INGRESSPARAMETER SELECTION requirement. The area below ead, curve correspond to

For the two-class OBS system under consideration, threperating points that satisfy a particular premium-class delay
ingress parameters—the high-class and low-class burstnstraint. Thus, for a given pair of premium-class QoS
assembly timeouts and the high-class extended offset siz&enstraints, the feasible operating region is represented as the
must be specified. Since the majority of traffic in the system ésea between two such curves. In general, the location and
assumed to be best-effort, low-priority traffic, we can minimizthe size of this region will depend on all the OBS system'’s
the overall switching overhead in the system by selecting tparameters, including the ingress traffic characteristics, the
low-class burst-assembly threshold to be much larger thaptical switching time, the desired low-class switching over-
the optical switching time. For this study, we therefore selebead, and the premium-class QoS constraints. For example,
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probability and optical switch reconfiguration time. Each curve represents a
Fig. 2. Premium-class blocking probability versus premium-class offsdifferent maximum allowable ingress deldy;***. Significant throughput
size for a system in which the maximum allowable premium-class ingregains may be realized by faster optical switching. However, for all systems,
delay D is 10 ms. Each curve corresponds to a different optical switdhere is a cutoff switching reconfiguration time that achieves the minimum
reconfiguration time,,. For each value ofs,,, the premium-class blocking possible blocking probability. This cutoff represents a natural target switching
can be minimized by optimally selecting the offset si2ag and the burst- speed for OBS switch designers.
assembly timed, (where D = ), + Q).

optimization problem in which we minimize the premium-
the shaded region in Fig. 1 represents the feasible operatiigss blocking probability given in (2) subject to the delay
region for D*e* = 6 ms andPby*e* = 10~°. Alternatively, constraintt, + Q, < Dy
if the delay and blocking constraints afe,,,, = 4 ms and By direct application of the method of Lagrange multipliers,
Pbj*e* = 1075 respectively, the feasible operating regiofve obtain the following pair of simultaneous equations

is null, implying that no combination of2; and 6, can OPb;,  OPb,
simultaneously satisfy both of these QoS requirements. a0, = o0y, )
O + Q, = Dy, ®)

B. Effect of Switching Speed on Premium-Class Performance

. . bstituting (2) into (4), performing both differentiations, and
Because of the premium-class delay constraint, thereggI stituting (2) into (4), per g merentiations, an

. . bining the resulting equation with (5) yields
an inherent tradeoff between the burst-assembly timeout anc!n g ged ®)y
the premium-class offset size. Fig. 2 plots the premium-class D — 0y — 0p — Tow 200Tsw Ph
blocking probabilit th ium-class offset size for - T A ==
g probability versus the premium-class offset size for V20,01 02 po

the same system parameters as were used in Fig. 1. Each curve

corresponds to a different switching speed, and the maximdrAuation (6) can be solved numerically to obtain optimal val-

allowable ingress delay for high-class traffic was 10 ms.  U€S ford, and (), that minimize the premium-class blocking

For each curve, the high-class priority increases as the sg%?gbgi%l‘(’)\’tgilfhzaﬁ%i;%risargﬁixei\r);lglg dh?;?{cﬁggssflli)nctking

of the high-class offset is increased. At the same time, how- - X . - ) .
ever, the burst-assembly threshold decreases, so the switch ability versus the optical switch reconfiguration time for
! ! mazx H
overhead increases. For small values of offset, the effect of tf& 0> values ofDy for an OBS system W'th .the same
rameters as those in Fig. 2. The graph implies that the

increased priority dominates, so the blocking probability geara | th h ¢ th : | b |
creases. As the offset size approaches the maximum allowaBg!ma throughput o .t € premium class can be strongly
cted by both the switching speed and the maximum delay

ingress delay, the burst-assembly threshold and correspon . .
burst lengths become very short, so the switching overhed s_tralnt of the premium class. Th? shape of_the curves
dominates, and the blocking probability begins to increase.!mIOIIes that the premlum—class blockmg probability can .be
improved by multiple orders of magnitude by decreasing
the switch reconfiguration time down to a threshold point.
However, beyond this threshold, further increases in switch-
From F|g 2, |t iS eVident that there eXiStS an Optlmal pa'hg Speed y|e|d Very minor gains_ This cutoff point can be
of values forf), and ), that minimizes the premium-classconservatively defined as:

blocking probability for a given value ab;***. The task of
finding these optimal values can be described as a constrained

(6)

C. Optimal Ingress Parameter Selection

Towtoll = 0.1 % D*® % Oy @)
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