Photonic Network Communications (2006) 11:163-172
DOI 10.1007/s11107-005-6020-1

ORIGINAL ARTICLE

On burst length distribution and preemption probabilities
in OBS networks with burst segmentation

Eduardo Magaiia - Javier Aracil

Received: 12 November 2004 / Revised: 3 August 2005 / Accepted 4 August 2005

© Springer Science + Business Media, Inc. 2006

Abstract Recently, preemption techniques have attracted
considerable attention as a means to provide differentiated
quality of service in optical burst switching (OBS) networks.
This paper is focused on the analysis of preemption prob-
abilities for bursts within the same priority class. As pro-
posed by Vokkarane and Jue ((2003)* IEEE J Select Areas
Commun 21(7): 1198-1209) an incoming burst will preempt
the burst in service, within the same priority class, if the
residual length of the burst in service is smaller than the
incoming burst length. For a general case with wavelength
conversion, the preemption probability of contending bursts
with a generic service distribution, not necessarily exponen-
tial, is analyzed. First, we show that the size distribution for
the preempting bursts is shifted to larger values, in compari-
son to the original burst size distribution. Second, we obtain
an upper and lower bound for the preemption probability.
Finally, the asymptotic behavior of the OBS switch is ana-
lyzed showing that preemption will always occur for a very
large number of wavelengths.
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Introduction

The foreseeable evolution of optical networks leads to transfer
modes that provide intermediate granularity between cir-
cuit and packet switching. Precisely, optical burst switching
(OBS) [2] is based on encapsulation of several packets in
an optical burst, which is preceded by a burst control packet
(BCP). The time offset between the BCP and optical burst al-
lows the optical switches along the path to arrange the switch-
ing matrix in order to accommodate the incoming burst. Thus,
on the one hand, resources are reserved in advance, in con-
trast to pure packet switching, and, on the other hand, the
“on-the-fly” reservation scheme is unconfirmed, in contrast
to pure circuit switching. As a result, chances are that bursts
can be dropped due to blocking. However, if free wavelengths
along the route from source to destination are available, then
the burst is swiftly transferred without leaving the optical
domain.

OBS can be easily extended to provide differentiated QoS.
Two different schemes for burst prioritization have been pro-
posed: offset-based schemes and preemption-based schemes.
The former are based on the principle of granting larger off-
set times (between burst and BCP) to high-priority bursts.
By doing so, high-priority bursts are given more chances to
reserve wavelengths, in comparison to low-priority bursts.

In preemption-based schemes, a burst with high prior-
ity takes the wavelength from a low-priority burst that is
being transmitted. This paper is exclusively concerned with
such preemption-based schemes. Usually, preemption comes
together with burst segmentation. Instead of dropping the
entire burst in service when preemption occurs, burst seg-
mentation allows to drop part of a burst, so that the remain-
ing packets may continue transmission in subsequent hops.
Hence, the burst that losses the contention is segmented and
only the burst tail is dropped. Namely, only the burst residual
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length is affected by preemption. As a result, a significant
throughput improvement can be obtained [1].

The preemption-based scheme considered in this paper
was proposed in [1]. More specifically, we will only consider
the case of bursts with the same priority. For a bufferless
switch with full wavelength conversion capabilities the fol-
lowing policies have been proposed in [1] for bursts within
the same priority class:

e If the minimum of the residual lengths of the bursts in
service is larger than the incoming burst length then the
burst in service wins the contention. The incoming burst
is dropped.

e If the minimum of the residual lengths of the bursts in
service is smaller than the incoming burst length then
the incoming burst wins the contention. The burst in ser-
vice with minimum length is segmented and the tail is
dropped.

Such policies have been proposed in [1] and correspond to
the drop policy (DP) and segment and drop policy (SDP), for
bursts within the same priority class. Note that the application
of these policies results in a throughput increase, since the
burst with a largest number of pending packets for transmis-
sion is selected. Namely, the burst with a largest unfinished
work wins the contention.

In this paper, the length distribution of the preempting
burst, in comparison to the original burst size distribution
is analyzed, with the final goal of deriving the preemption
probability, or probability that the incoming burst wins the
contention. The paper considers only the same priority class,
and the contention algorithm proposed in [1]. The preemp-
tion probability is relevant for OBS network engineering for
several reasons. First, due to tail dropping upon preemption,
gaps in the packet sequence between source and destination
may occur. The preemption probability is directly related to
the probability of finding a gap in a packet sequence. Sec-
ond, if preemption occurs, the optical switch must drop the
tail of the burst in service and then switch the contending
burst to the corresponding wavelength. Furthermore, trail-
ers must be generated in the segmenting switch in order to
send an indication of the new burst length to the downstream
nodes [3]. This implies a processing load that may be crucial
for the switch performance. Note that optical switches are
usually limited by the so-called “electronic bottleneck.” The
preemption probability now relates to the processing power
that has to be incorporated to the switch.

Network scenario
Figure 1 shows an OBS network architecture. The edge nodes

(burstifiers) are in charge of assembling the optical bursts,
which are then relayed to the optical core, preceded by the
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BCP. At the core nodes, BCPs are processed electronically
by the switch control unit (SCU). In case of preemption, the
SCU configures the optical cross connect (OXC) matrix to
switch the incoming burst to a particular wavelength. The
burst in service is segmented and the tail is dropped.

Assumptions

In what follows, burst destinations will be assumed to be
uniformly distributed. Thus, we focus on a single output port
with N wavelengths. Furthermore, full wavelength conver-
sion capabilities will be assumed, i.e., an incoming burst has
achoice of several wavelengths () to be routed to. Thus, the
contention takes place between the incoming burst and the N
bursts in service. Note that this case also encompasses the no
wavelength conversion case (N = 1). It will also be assumed
that the switch is bufferless (no Fiber Delay Lines; FDLs) and
that the offset between burst and BCP is fixed. Finally, wave-
length reservation is performed in a just enough time (JET)
fashion [2].

Switching time will be assumed to be negligible in com-
parison to the burst size. Recent developments in semicon-
ductor optical amplifiers (SOAs) support this hypothesis,
with switching times in the vicinity of nanoseconds [4, 5].
Furthermore, this assumption is coherent with the technolog-
ical trend towards decreasing the switching time. On the other
hand, due to preemption, additional signalling is needed in
the control channel to advertise the preempted burst modified
length. The discussion of such signalling aspects is out of the
scope of this paper.

The rest of the paper is organized as follows: second sec-
tion presents the analysis and third section is devoted to
results and discussion. Finally, fourth section presents the
ongoing work and conclusions.

Analysis

The analysis focuses on the properties of the preempting burst
size distribution. Not only these properties serve to enhance
our understanding of burst segmentation but they also provide
the foundation to analyze the preemption probability. More
specifically, it will be shown that the length distribution of
the preempting bursts is skewed to larger values in compar-
ison to the original length distribution. Thus, the bursts that
make up the output port busy periods do not come from the
same distribution.

Burst size distribution for the preempting burst
By original size distribution we mean the size (or length) dis-

tribution of bursts at the input of the OBS switch. Such bursts
may be arriving either from the burstifier (as happens at edge
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Fig. 1 Network scenario

OBS switches) or from an OBS switch upstream (as happens
at core OBS switches). For the latter, truncated bursts from
the upstream nodes are expected. However, note that the next
theorems apply to generic burst size distributions with finite
first moment. Thus our findings apply to a fully general case
of OBS network and traffic distribution.

Let us denote by (7o, /o) the busy period interval for a N
wavelengths output port. The arrival time of the first burst that
uses the last available wavelength is #y. Note that this implies
that less than N wavelengths were occupied at time ¢, and,
right after #¢, the output port is fully occupied and contention
may occur. The busy interval duration will be denoted by /.

Let (#;,1;),i = 1, ..., n be respectively the arrival times
and service times of subsequent bursts that arrive during the
busy period, i.e., fo < t; < (to +1Ip) foralli =1,...,n. It
must be noted that burst i wins the contention if

li>1lo— > (tj—tj-1) =lo— (t — 1o) (1

j=1

k . .
and [ < [y — Zj:l(tj — tj_l),k =1,...,i—1. Flg. 2
serves to illustrate the introduced notation.

(0XO)

Optical Cross .
Connect Loz

X

Note that (1) is fulfilled iff the minimum of the resid-
ual lengths of the bursts in service at the time of arrival of
burst i is smaller than burst i length. Assume that preemption
occurs and let (., l,) denote the arrival time and length of
the burst that wins the contention. For example, assume that
bursts i = 1,...,n — 1 do not fulfill (1) but burst n does.
Then, bursts i = 1,...,n — 1 are dropped from the switch
and burst n wins the contention, i.e., t, = t,, [, = [,, and
I >lo—X_ (= tio). e Sto— X5 (tj —tj_1). k=
1,...,n—1.

It will now be shown that the length distribution of burst
(t, L) s shifted to larger values in comparison to the original
burst size distribution. Intuitively, the preempting burst is
likely to be a large burst. This is shown in the following
theorem.

Theorem 1 Let (19, lo) be the starting time and the length
of a newly started busy period respectively. Let F be the
common burst length (or service time) distribution. Let us
assume that preemption occurs and let (t,, L) represent the
arrival time and length of the burst that wins the contention,
then P(l, > x) > 1 — F(x) forall x > 0.
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Proof Let us consider the denumerable set ®,, = {(#1, /1),
cooy (ty, L)}, n=1,2, ... of all possible arrivals of n bursts
during the busy period (7, lp), such that burst n wins the
contention. Let L be a random variable with distribution F'.
First, note that

P(ly>x) =D > Py > x|®,) P(®,)7p, )

n=0 o,

where the operator ZCDn represents the sum over all pos-
sible sets of n arrivals (®,) and 7, is the probability of n
arrivals in (fp, [p). Note that 7, is a Poisson measure and
w0 2w, P(®n)m, = 1. This is a consequence of consid-
ering conditional probabilities to the event that preemption
occurs. On the other hand, if

n
Py > x|®) =P [L>xIL>1lp— > (t; —tj1)
j=1
> P(L > x|L >0)= P(L > x), 3)

then, substitute (3) into (2) to obtain:

P(ly > x) > P(L > x)ZZP(CD,,)nn = P(L > x)
n=0 &,
=1-F@x) @)

and the theorem is proved. O

Note that Theorem 1 applies fo any burst length distribu-
tion F with finite first moment, regardless of possible
truncation in the nodes upstream. The theorem provides a
characterization of the busy period for an incoming burst
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that contends with the bursts in service. Assume that arriv-
ing bursts to a switch have size distribution F'. For the access
switch case, F' depends on the burst assembly mechanism that
is adopted at the network edges [6]. For the core switch case,
F depends on the original burst size distribution produced
by the burstifier and also on possible truncation happening in
nodes upstream. Theorem 1 states that, if preemption occurs,
the next incoming burst will not find a busy period composed
by F-distributed bursts, since preempting bursts have a size
distribution that is shifted to larger values. Actually, Equa-
tion (3) implies that /, is not distributed according to F but,
on the contrary, the distribution of /,. provides larger service
time values.

Next, we will show that the preempting burst size distri-
bution converges to the original distribution as the number of
wavelengths N increases. Let Ay be the output port residual
life of the system (N wavelengths). This is defined as the port
blocking time for a randomly arriving burst. Let us assume
that preemption occurs and let us consider the output port
busy period (1, #p). Wavelengths will be fully occupied for
the duration of the busy period. Let F' be the burst length dis-
tribution and let (7., [,) be the tuple representing the arrival
time and length of the preempting burst.

Convergence in distribution to the original burst size dis-
tribution will be proved in three steps. First, it will be shown
that the preempting burst size distribution is a decreasing
function with the number of wavelengths. Second, a lower
bound will be found. Third, convergence in distribution will
be proved using the latter results.

Theorem 2 The preempting burst size distribution P (L, >
x) is an strictly decreasing function with the number of wave-
lengths N.

Proof Let us consider the denumerable set ®,, = {(#1, /1),
woey (ty, 1)}, n=1,2, ... of all possible arrivals of n bursts
within a busy period (¢, lp), so that burst n wins the conten-
tion, i.e., ty = t,, and [, = [,,. Note that

P, > x|®,) = P, > x|l, > Ay)
= P(L > x|L > Ap). @)

This is a consequence of the fact that these probabilities
are conditional to the event that burst n preempts the wave-
length, namely the burst n length (,, which has the same
distribution that L) must be larger than the residual life of
the system Ay . Furthermore, it turns out that

P(L>x|L>AyN)=1, x < Ay, (6)

P(L > x) Ay, o

P(L L>Ay) = ————,
(L >x|L > An) P> Av) x>

e Concerning (6), let us consider the probability space (€2,
o, P) and the random variable R; (w) that represents the
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residual life of burst i in the busy period. For all w € Q2
the system residual life can be written as

Ay (w) = min(Ry(w), R2(w), ..., Ry(w)), (8
Ayg1(w) = min(Ry(w), Ro(w), ..., Ryy1(w)), (9)
Ay(w) = Ant1(w) (10

and, thus, Ay > Ay almost surely. Therefore

P(L > x|L > Ay)

>P(L > x|L > An+1), X < An. (11

e Concerning (7), let R; represent the residual life of a burst
i. Then,

N
P(Ay >x)=HP(R,~ > x) (12)

i=1

and
P(L > Ay) = /oo P(L > x)dFa,(x)
0

_ /OOP(L > 0d(1— P(Ay >x))  (13)
0

00 N
=/0 P(L>x) fr(x)

i=1

N
X H P(R; > x)dx (14)
J=1j#i

for x > Ay. Applying integration by parts,

00 N
P(L> Ay) =1 —/ fL(x)HP(Ri > x)dx (15)
0

i=1

and since ]_[lN:1 P(R; > x) > ]_[N:Il P(R; > x),itturns

l
out that, by the monotonicity of the Lebesgue integral,

P(L > Ay) < P(L > An4+1)- Replacing in (7) we
obtain the following:

P(L >x|L>Ayn)> P(L >x|L>AN+1),
x> An. (16)

Both (11) and (16) lead to
P(L>x|L > ANy)>P(L >x|L > Ant1), VYx. (17)

Finally, this last equation together with (2) and (5) show that
P(l, > x) is strictly decreasing with N. Note that the the-
orem is assuming that the residual lives (R;) of the bursts
are independent but not identically distributed. Therefore,

the theorem applies to a generic case of an OBS switch with
different burst size distributions per busy period (namely,
original and truncated bursts, for instance). O

The following theorem shows that there is a lower bound
for the preempting burst size distribution.

Theorem 3 P (I, > x) is lower bounded by P(L > x).

Proof This is a direct consequence of (5) that can be written
as follows

P, > x|¢y) > P(L > x|L >0)=P(L > x) (18)

Now, substitute this expression in (2) and the theorem is
proved. O

Finally, both Theorems 2 and 3 lead to the convergence
in probability of the burst size distribution.

Theorem 4 For all x > 0, I, converges in distribution to F
as N — oo.

Proof From Theorem 2, P (I, > x) is an strictly decreasing
function. From Theorem 3 there is a lower bound equal to
P(L > x). On the other hand, the fact that P(Ay > x) =
Hf-v:l P(R; > x) — 0 ensures that P(L > Ay) — 1 and,
thus,

lim P(ly >x)= lim P(, > x|l, > An) (19)
N—o0 N—o0
=P, >x|l, >0)=1—- F(x),
x>0 20)
and the theorem is proved. O

The previous theorems show that the burst size distribution
for the preempting bursts is shifted to larger values and that
convergence to the original burst size distribution is observed
as we increase the number of wavelengths. Now that we have
aclear understanding on the burst size dynamics for preempt-
ing and non-preempting burst distributions let us resort to the
analysis of the preemption probabilities.

Preemption probabilities for N — oo

Note that the preemption probability is only affected by the
system dynamics during the busy period. The following limit
theorem states that preemption will occur almost surely as
N tends to infinity. Nowadays, the number of wavelengths is
increasing with the development of optical technology. Thus,
this limit theorem is consistent with the foreseen evolution
of optical technology. We wish to evaluate the preemption
probability P(L > Ay) where L is the burst size and Ay
is the system residual life. Thus, our starting point is the
complementary distribution of the system residual life

N
P(Ay > X) =HP(R,~ > X), 1)
i=1
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where R; is the residual life for each of the bursts that made
up the busy period. Note that the R;s are independent but not
identically distributed. Actually, bursts from different size
distributions may coexist within the same busy period. This
is the case for previously truncated bursts and for preempting
bursts. In fact, Theorem 1 shows that the preempting bursts
size distribution is skewed to larger values in comparison to
the burst size distribution at the input of the OBS switch.

Theorem S For any burst size distribution with finite first
moment it turns out that P(L > Ay) — 1 as N — oo.

Proof Use (15) to obtain:

00 N
Nli_r)nooP(L> AN)=Nli_r)nOO[l 7/0 fL(x)ilj[lP(Ri >x)dx} =1,
(22)

since fr(x) HlNzl P(R; > x) < fr(x), which is integrable.
By dominated convergence (22) is obtained and the theorem
is proved. O

The previous theorem shows that preemption will always
occur as the number of wavelengths increases. This is an
important property for OBS switches with burst segmentation
and preemption capabilities. The immediate consequence of
the theorem is that bursts will be continuously removed (tail
dropping) and inserted in the wavelengths. This is similar to
thrashing for an operating system and it constitutes a severe
limiting factor for OBS performance.

Results

In this section, simulation results are provided that assess
the previously derived theorems. An OBS switch with full
wavelength conversion capability is assumed. We focus on a
single output port with a number of wavelengths equal to N.

It will also be assumed that the product (number of input
ports) (number of wavelengths per port) is large, so that the
traffic directed to the output port consists of Poisson arriving
bursts, despite the possible long-range dependence of incom-
ing traffic [6]. The arrival rate A is a parameter in order to
obtain different utilization factors (low load p = 0.2 and
high load p = 0.8).

The mean burst size is made equal to 12 us, which corre-
spond to a 15 Kbytes file size and wavelength speed 10 Gbps.
It has been reported that 15 Kbytes is the average file size in
the Internet [7]. Furthermore, burst sizes in the order of us

are usually considered in the literature [3,5], including pro-
totypes [4,8]. Note that switching times in the order of some
ns can be achieved with SOA technology [4,5], thus making
the switching time negligible. On the other hand, the analysis
presented in the previous section assumes an scenario with
generic burst size distribution (finite first moment). How-
ever, for simulation and analysis purposes, a specific burst
size distribution must be selected.

Section ‘Burst size distribution for the preempting burst’
provides simulation results that assess Theorems 1-4, with
Pareto, Gaussian and Exponential burst sizes. Section ‘Pre-
emption probabilities’ provides an assessment of Theorem
5, that comprises not only simulation but also analytical re-
sults. To this end, the Pareto distribution is selected, due to its
analytical tractabilitity. The exponential distribution has little
interest because the analysis is nearly trivial. On the contrary,
the Gaussian distribution case is rather complex and a closed
analytical expression cannot be found. Note that the theorems
derived in the previous section come with the corresponding
proof. In this section, we aim at providing additional results
that reassure the validity of the theorems, and also provide
further insight into the preemption issue.

The simulation parameters are summarized in Table 1.

A note on burst size distributions

The burst size distribution depends on the burst assembly
algorithm which is used at the optical network edge nodes,
where the burst assembly process takes place. A nearly con-
stant burst size distribution (bytes) is provided by edge nodes
that collect a fixed number of packets per burst. A possible
alternative are timer-based schemes [9]. Incoming packets
are stored in per-destination queues and a timer is started
with the first packet in a queue. Upon timeout, packets are
encapsulated in an optical burst and relayed to the first opti-
cal switch downstream. For such timer-based schemes, we
have shown that the burst size turns out to be (truncated)
Gaussian-distributed [6]. Other non-Gaussian burst size dis-
tributions that have also been considered in the literature are
the exponential distribution [10-12], the hyperexponential
distribution [13], and the Pareto distribution [13].

Burst size distribution for the preempting burst
(Theorems 1-4)

Figure 3 shows P (I, > x) for different values of N number
of wavelengths and utilization factors. Recall that P (I, > x)

Table 1 Simulation parameters

. ; o Burst length Parameters Utilization
(cv is the coefficient of variation
and « the decay exponent) Exponential Mean=12 us p=(0.2,0.8)
Pareto Mean=12 us, @ = [1.5, 2] p =(0.2,0.8)
Gaussian Mean=12 us, cv = [0.01, 0.2] p =1(0.2,0.8)
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Fig. 3 Comparative between P (/, > x) and P(ly > x) for N wavelengths and burst size distribution (a) Exponential, (b) Pareto and (c) Gaussian

p = 0.2 (left) and p = 0.8 (right)

is the burst size distribution for the preempting bursts. In
Fig. 3 this is compared to the size distribution of the incom-
ing bursts P(lp > x). First, Theorem 1 states that the size
distribution of the preempting burst is shifted to larger val-
ues. Note that for all distributions the curves correspond-
ing to P(lx > x) are above the curves corresponding to
P(lp > x), as predicted by the theorem. Second, Theorem
2 states that P(l, > x) is an strictly decreasing function.
This is also verified in fig. 3(a—c) Third, Theorem 4 states

that /. converges in distribution to the original burst size dis-
tribution. From Fig. 3 we note that P(l, > x) approaches
P(lp > x) as N increases.

Preemption probabilities (Theorem 5)
Concerning the preemption probabilities, Theorem 5 states

that preemption will occur almost surely as the number of
wavelengths N — oo. In this section, the preemption
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probability for Pareto-distributed burst sizes is evaluated.
Such burst size distribution is chosen since it is analytically
amenable, yet realistic for a case of “single file per burst”
[14]. On the other hand, while the incoming bursts size dis-
tribution is assumed to be Pareto, note Theorems 1-4 show
that a busy period may comprise different burst size distribu-
tions, since preempting and non-preempting bursts may be
present. As a result, analytical expressions for preemption
probability are very hard to find, if possible. Alternatively,
an upper and lower bound for the preemption probability is
obtained, for any number of wavelengths N. Both bounds
tend to unity as the number of wavelengths increases, thus
providing an assessment of Theorem 5.

Upper bound for preemption probability

In order to derive an upper bound for preemption probability
the best case scenario for preemption should be considered.
This best case scenario corresponds to the case of non-pre-
empting bursts within a busy period, since they are distrib-
utionally shorter than preempting bursts (Theorem 1). Thus,
it is easier for the contending burst to win the contention.

Note that the best case implies that P(Ay > x) = (P(R >
x))" (bursts that make up the busy period are independent
and identically distributed). This is in contrast to the general
case P(Ay > x) = HZN=1 P(R; > x) assumed in Theorems
2 andS.

Consider the Pareto distribution

P(L >x) =1,
P(L >x)=K%%"%,

x <K,
x> K. (23)

For Pareto-distributed burst sizes, the residual life for a
system of N independent and identically distributed burst is
given by [15]

—1)(K — K\V
P(AN>y>:((“ K = 9) + ) L 0=y=K
aK
K@D N
P(Ay > y) = TYM) , y>K. (24)

Thus, if L is the burst length,

P(L > Ay) = /Oo P(L > X)dFy, (x)
0

K
=/ P(L > X)dFy, (x)
0

+ / ” P(L > X)dFa,(x). (25)
K

For the first term in the sum, note that P(L > X) = 1 and,
thus,

K
/ P(L > X)dFay(x) = Foy(K) =1— P(Ay > K)
0

N _1

=— (26)
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Concerning the second term in the sum,

00 00 KmKN(D(fl)N 1—
/ P(L > X)dFa(x) = / ( O‘)xfo(+N(17a)71
K

K ol
3 N —1)
" (@ + N(x — D)aV (27)
and, thus,
N N(a —1)) —
P(L> Ay =2 @TNe@=D)—a (28)

aV(a+ N(a —1))
Note that the upper bound tends to unity as N — oo. This is
consistent with Theorem 5.

Lower bound for preemption probability

For the lower bound, a worst case scenario for preemption
should be considered. The worst case scenario is presented
in Fig. 4, that shows a simultaneous arrival of bursts to the
switch output port. This is the case where all bursts are “new”,
namely the residual length is equal to the entire burst length.
Thus, preemption will occur if the contending burst length is
larger than the minimum length of the N bursts that make up
the busy period.

For the worst case scenario, should the burst size distribu-
tion be the same, the preemption probability would
simply be equal to N/N + 1, since the N 4 1 bursts have
the same distribution. However, note from Theorems 14
that the burst size distributions may be different. Thus, we
expect the lower bound to apply only if N is large enough
so that the burst size distribution is approximately the same
(Theorem 4).

Simulation results

The results for the Pareto distribution are shown in Fig. 5
(upper bound) and 6 (lower bound). Note that the simulation

r_] |
Bursts i
semuen | 2 —| L.

(worst case) 4

N .

New arrival 4] >
t() Time
PR

Transmission direction

Fig. 4 Worst case scenario for the preemption probability
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Fig. 5 Upper bound for preemption probability (N wavelengths and
Pareto-distributed bursts) (p = 0.2 (top) and p = 0.8 (bottom))

and analytical results confirm Theorem 5, since the preemp-
tion probabilities tend to unity, as N increases. Furthermore,
note that the lower bound applies only with values of N larger
than eight. This is a consequence of Theorem 1, that states
that the burst size distributions that make up the bundle differ
from the original burst size distribution, with a tendency to
larger values. On the other hand, as N increases, the burst
size distribution converges to the original size distribution
(Theorem 4). The worst case scenario depicted in Fig. 4 and
the lower bound derivation assume that the size distribution
of the contending bursts and the bursts that make up the busy
period are the same. This only happens with large number
of wavelengths (Theorem 4). Actually, the simulation results
provided in Fig. 6 show that the lower bound applies for
N > 8. Current state-of-art prototypes provide 8 [8] or 32
[16] wavelengths per fiber. Thus, our findings apply to cur-
rent and future OBS switch architectures.

Conclusions and ongoing work

This paper provides a through evaluation of fundamental pro-
perties of preemption mechanisms for OBS switches, within
the same priority class. It has been shown that the preempting

Pareto, mean=12us, p=0.2
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Fig. 6 Lower bound for preemption probability (N wavelengths and
Pareto-distributed bursts) (p = 0.2 (top) and p = 0.8 (bottom))

burst size distribution is skewed to larger values in compar-
ison to the original size distribution. However, as the num-
ber of wavelengths increases, convergence in distribution of
preempting and original burst size is observed. On the other
hand, as the number of wavelengths increases, preemption is
more likely to occur, eventually happening almost surely in
the limiting case of N — oo. Upper and lower bounds for the
preemption probabilities are derived for a case with Pareto-
distributed burst sizes. Extensive analytical and simulation
campaigns assess the results and provide significant insight
on the dynamics of size-based preemption mechanisms, as
proposed by [1].
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