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Burst Segmentation Benefit in Optical Switching

Zvi Rosberg, Hai Le VuMember, IEEEand Moshe Zukermarsenior Member, IEEE

Abstract—in this letter, we derive the asymptotic behavior ofthe any available one. It models a switch with either full wavelength
ratio between the blocking probabilities of burst segmentation (BS) conversion or with no wavelength conversion but vitibers in
and just-enough-time (JET) policies in an optical burst switch. Itis jts outgoing link. Several OBS reservation protocols have been
shown that if the ratio between the offered load and the number of proposed by researchers. Under just-enough-time (JET) [1], the
wavelengthsk, is fixed and equalsc as the number of wavelengths . .
approaches infinity, the ratio between the blocking probabilities of CqerI packet contains th? burs_,t length and requests link b‘?md'
BS and JET approaches 1ifc > 1;0.5if ¢ = 1;andis O(1/k) Width from the predetermined time offset and for the duration
with a constante/(1 — ¢)? if ¢ < 1. of the burst transmission. To reduce packet loss, there have been
various proposals for burst segmentation (BS) [3] and [4]. In our
version of BS (based on [3]), in case of contention, the control
packet reserves capacity from the first instant a wavelength be-
comes available. The initial portion of the burst, which is not
. INTRODUCTION served before a wavelength becomes free, is dumped. Its re-

PTICAL burst switching (OBS) (see [1]-[4] and [5]) hagnainder is transmitted successfully as a truncated burst.
been proposed as an efficient switching technique to ex- 1 ne reader should be aware of the following two BS overhead

ploit the terabit bandwidth of wavelength-division multiplexingYP€S. One is due to losses occur during burst switching time
(WDM) transmission technology. In OBS, IP packets with 8nd the other is due to the fact that the boundary of the truncated
common destination arriving at the same ingress node are ag@¢St may not fall exactly at IP packet boundaries, in which case
gated into large bursts, switched and routed as one unit. Havifi§ !P packets remainders are lost. In this letter, we neglect these
only one header associated with each burst, the header ¥ effects. Notice that the second effect is negligible when the
cessing per transmitted bit is reduced, and the switch fabric dghPackets are small relative to the burst size which is a valid
be reconfigured on a longer timescale. The control packet pASSUMption. . o
cedes the burst payload and attempts to reserve switching anth this letter we derive the asymptotic ratio between the
transmission resources at each switch and output port along #eking probabilities of BS and JET protocols as the number
route. of wavelengths supported by the optical switch is large while
Note that optical switches based on semiconductor opti¢BRintaining the traffic per wavelength fixed. This limiting case
amplifiers (SOAs) achieve reconfiguration time in the order ¢§ important and relevant given the growth in traffic demand and
a few hundred picoseconds, and electro-absorption moduldf$ growth in number of wavelength per link we have witnessed
based devices are capable of reconfiguration time in the ordférthe last 15 years. In Section Il we derive the asymptotic
of a few picoseconds [6]. With support from these technologi¢§lations and in Section Il we present our conclusions.

OBS is likely to become a feasible switching technique in the
near future. [I. ASYMPTOTIC RELATIONS

A key feature in OBS is that the header precedes the pay-ince OBS is a bufferless system, the/M /k/k queueing
load by an offset time and is usually transmitted on a dedicatgghdel is used in [1], [2] to express the blocking probability
signalling wavelength. The payload follows the header withouking the JET protocol. This model assumes that the burst ar-
waiting for acknowledgment. At every switch, if the requesteglval process at a given output port of an optical burst switch is
resources are aVaiIabIe, the burstis transparently switched tQaitlS()isson process with ra{te burst transmission time is expo-
next hop; otherwise, the burstis blocked and some fraction (p@gmtially distributed with meahy 1., the number of wavelengths
sibly all) of the data is lost. on the output fiber is; and there is no extra waiting buffers. In

We consider an output line of a given switch withwvave-  thjs case, the burst blocking probability is given by the following
lengths and assume that an incoming burst can be transmitte¢epRang B formula:

Index Terms—Asymptotic relation, blocking, burst segmenta-
tion, just-enough-time (JET), optical burst switching.
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partially be rejected under this policy [3]. Nevertheless, the We are now ready to show that the packet blocking probability
following simple formula for the packet blocking probability,of BS is always smaller than that of JET.
when the packet size is negligible relative to the burst size, hasTheorem 1: For every offered loadt and number of wave-

been derived in [7] lengthsk, Pgs(k, A) < Pg(k, A).
B[] Proof: From (6), the Theorem assertion holds true if and
Pps(k,A) = —= (2) onlyif 1 —(1/¢) < Pg(k,A). Sincec = (A/k), the assertion
A holds true if and only if
whereE[L] is the mean Ioosos rate given by k> AL — Py(k, A)) = E[N(k, A)]. ®)
E[L] =Y j-P(k+}). (3) since the expected number of busy serversfitV /M /k/k is
j=1 strictly smaller thark, the Theorem assertion follows. =
HereP(k + j) is the probability thafk + 5) servers are busy ~ Nextwe utilize the following asymptotic relations from [8]
inanM /G /oo model, which is given by the Poisson probability -
function ¢ (Tf \/E)
e—A Ak+s PB(kv A) ~ 1o (9)
P(k+j>zm7 1=12 ... \,c-k@(\/g\/E)
For the packet blocking probability whereby the packet size is Pr(Xa<k)~® (1 C\/E) (20)
not negligible relative to the burst size the reader is referred to ve
[3]. where¢ is the density andb is the cdf of a standard normal

It is intuitively clear (and proven below) that BS has lowedistribution (with mean 0 and variance 1), afitk) ~ g(k)
packet blocking probability than JET. However, a simple exneans thayf (k)/g(k) — 1 ask — oc.
pression for the ratio between these blocking probabilities is notThe following Lemma provides the asymptotic relations for
available. Although a numerical procedure is derived in [7], #ach individual function of2(k) as given by (7).
cannot be used for large practical valueskoflue to compu-  Lemma 1: As k — oo, the following limits apply for every
tational limitations. The asymptotic expression derived in thisffered loadA and constant:

letter facilitates the computation for largevalues which are rel- i) If c < 1,Pr(X4 <k)— 1andPg(k,A) — 0;
evant according to current technology developments and trends jj) |f . — 1, Pr(X 4 < k) — 0.5 andPB(lk. A) = 0;
Define R(k) = Pgs(k, A)/Pg(k,A). The functionR(k) iii) If ¢>1,Pr(X4 <k)— 0andPg(k,A) — 1— (1/c).

presents the relative benefit of BS over JET. We explore the Proof: The limits of Pr(X 4 < k) di
. . . : = : : 4 < k) directly follow from
limit of R(k) ask — oo where the ratiod/k = c for arbitrary {10). The limits of P;(k, A) are derived from (9) as follows.
constant, namely, where the offered load per channel is fixed. N .
The first step toward this end is to represéiti] by an ex- Forc < 1ande = 1, the cdfe((1 - C/‘/E)\/E) in the
' p tow. ' ! preséfif] by X denominator of (9) converges to 1 and 0.5, respectively,-as

pression that facilitates the derivation Bfk) ask — oco. Let Th . )

. ) . . Therefore, the denominator of (9) convergesdavhile the
X 4 be a Poisson random variable with me&nZ]* equalsZ o0 . . )
if AZ > 0 and 0 otherwise, anfZ]~ equalsZ if ]Z <q0 and numerator is bounded. Thus, for cases (i) and f(k, A) —

0,otherwise. Clearl 0ask — oo.
,otherwise. Clearly, Forc > 1, the limits of bothé((1 — ¢/\/c)Vk) and®((1 —
Xa—h=[Xa— k" +[Xa—h] (4) ¢/\/c)Vk)in (9) are zero, hence we use L'Hopital’s rule to ob-

From (3) it follows thatE[L] = E[X 4 — k]* and by a straight- tain the limit of their ratio. Since the ratio of their derivatives

forward computation we obtain with respect t1 — ¢/\/c)V/k equals

k =L/k¢ (=VE B
—E[XA—k]*:Z(k—z’)Pr(XA:i) ve 1(\‘/["_ ):Cfl\/E
i=0 ¢ (=2 ¢
r Pr(X 4 =) ( v )
=Pr(X4 <k) z%(k - L)PI‘(TA;]{?) the limit of the right-hand side of (9) equals
1= c—1
—Pr(Xa < k) (k— A(1 = Ps(k, A))) (5) aVE 1
where A(1 — Pg(k, A)) is the number of busy servers in the Ve -k ¢
Erlang loss system/ /M /k/k. _ ~which completes the proof of case (iii). [ ]
Taking the expectations in both sides of (4) and substitutingFinally, the following Theorem provides the asymptotic rela-
(2) and (5) yields tion of R(k), i.e., of the relative benefit of BS over JET.
1 Theorem 2: For every offered load! and constant:
Pos(k, 4) = Pr(Xa > k) <1 - ;) FPrXask)Pak A ) it o < 1thenR(k) ~ o/(1 - )%k, e, R(k) = O(1/k)
6) with a constant/(1 — ¢)?;
. i) If ¢ =1thenR(k) — 0.5 ask — oo;
Thus, from the definition of2(k) and (6) iii) If ¢ > 1thenR(k) — 1ask — oo.
1- % Proof: Cases (ii) and (iii) are direct consequences of

R(k) = Pr(Xa < k) +Pr(X4> k) —<— . (7)

Pp(k,A) " Lemma 1 and (7).
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For case (i) observe that (9), (10), and (7) imply tRét) ~ T I o ' A '

f(k), where ois |
R A (R0 JA |
f(k)_<I><ﬁ\/Z> 1—- 7 ¢(1J§\/E) VE|. |

(11) ¢=0.9
To obtain the asymptotic relation &#(%) we derive two se-
quencesi(k) andu(k), which asymptotically bound its asymp-
totic relation f (k) from below and above, respectively. To this
end, we derive tight upper and lower bounds to the Gaussi

distribution taill — ®(z) which is part of (11).

Since¢(x) does not have a closed form integral we boun ™~ |
it by the following two functionsL(z) andU (z), that do have
closed form integrals and are approachirig) from below and oozt
above, respectively, as — oo:

H L
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L(gj) — ¢(g;-) <1 — F) : U(il,’) — ¢(x) <]_ + F) ) (12) NUMBER OF WAVELENGTH

Fig. 1. The functions?(k) andu(k) for variousc < 1.
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By integration it is easy to show that

1 1 1 1 3
(13) 0.025 |-
Clearly, the bounds are tight only for large valueg:ofntro- 'f
ducing the upper and lower bounds from (13) with= (1 —
¢/\/e)Vk into f(k), see (11), we obtain after basic algebrait
operations,

008 — LI} T T T T T T

0.015 [

1-c c c def
d ; = . (14
l1—c 3¢ def
k k)—® k =I(k). 15
1) >ul) - @ (L EVE) P . as)
Thus, from (14),R(k) is asymptotically bounded above by
the sequence(k). Moreover, from (15) the rati(k) /u(k) —
1 ask — oo, which implies case (i) of the Theorem. [ |
The asymptotic relations above are verified against nume o
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ical computations of(k) using the procedure from [7]. The NUMBER OF WAVELENGTH
results are depicted in Figs. 1 and 2, and comply with our angs »  Tne differencer(k) — u(k) for variousc.
lytical results. Due to numerical insatiability in the computation
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