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Abstract
In this paper, we analyze the performance of a timer-based burst assembly for optical burst

switching (OBS) networks. In our analytical model, an ingress edge node has multiple buffers
where IP packets are stored depending on their egress edge nodes, and bursts are assembled at
the buffers in round-robin manner. Moreover, bursts are transmitted in accordance with slotted
scheduling where each burst transmission starts at slot boundary. We construct a loss model with
two independent arrival streams, and explicitly derive the burst loss probability, burst throughput,
and data throughput. In numerical examples, we show the effectiveness of our analysis in compar-
ison with the Erlang loss system. It is shown that our model is quite useful for an OBS network
with large number of input and output links. We also evaluate the performance of the timer-based
burst assembly for uni-directional ring and mesh-torus networks with simulation, and discuss the
effectiveness of our analysis for both networks.

Index Terms: Optical burst switching, Timer-based burst assembly, Queueing model, Erlang
loss system, Slotted transmission scheduling

I. Introduction

Optical burst switching (OBS) has received considerable attention as one of the most promis-
ing technologies for supporting the next-generation Internet over wavelength division multiplexing
(WDM) network [2], [6], [15], [23], [27], [28]. In OBS networks, multiple IP packets are assembled
into a burst with variable length at an ingress edge node and is transmitted to its egress one. A
burst is pure payload and has the associated control packet which contains control information such
as burst length and routing information [7], [25].

In order to reduce signaling delay, a source node starts burst transmission without receiving any
acknowledgement from its egress edge node (one-way reservation). For the one-way reservation,
several signaling protocols have been proposed with regard to the reservation period of a wavelength
for the burst transmission [3], [16], [17].

In Just-Enough-Time (JET) signaling protocol, a source node sends a control packet and then
sends the corresponding burst after some offset time [27], [28]. Using extra information to better
predict the start and end of the burst, a wavelength is reserved efficiently to transmit the burst.
Therefore, the JET protocol will achieve a better performance than other signaling protocols [16].

Burst assembly is also an important issue for the OBS and several burst assembly techniques
have been proposed. Most of the techniques are classified into threshold-based and timer-based
burst assemblies. [20] proposed a threshold-based burst assembly technique in which a threshold is
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used in order to limit the maximum number of packets within a burst. With this burst assembly,
bursts with the same length are frequently transmitted over the OBS network.

In [6], a timer-based burst assembly technique called the Fixed-Time-Min-Length burst assembly
algorithm was proposed. In this technique, a timer is started at the arrival time of the first packet
and a burst is assembled when the timer reaches a pre-specified timeout value. If the amount
of IP packets for the burst is too small, it is assembled with padding the null data. This burst
assembly technique creates bursts with variable length but provides an upper bound on delay due
to the timeout value. [29] reported that the distribution of burst length approaches to a Gaussian
distribution with zero variance when the timeout value becomes large.

[25] proposed the timer-based burst assembly in which both the timeout value and the maximum
burst size are taken into consideration. [21] developed the [25]’s scheme into the one which provides
a QoS guarantee. [1] proposed a timer-based burst assembly algorithm focusing on the TCP
congestion control. In this method, the timeout value and the minimum burst size are adapted to
TCP flows. [11] considered the DiffServ-based burst assembly scheme where each burst assembly
time is adapted to the actual traffic arrival rate and the QoS requirement.

The assembled burst is sent into the OBS network after some offset time which is calculated
according to burst scheduling [21]. In the first-come first-served (FCFS) scheduling, bursts are
transmitted in their assembling order. In the priority queueing (PQ), a burst with low priority is
sent to an output port only if there is no burst with high priority. In the weighted round-robin
(WRR), each prioritized burst queue is served in a round-robin order and the number of bursts sent
in each round depends on the weight assigned by the policy. In the waiting time priority (WTP),
a scheduler transmits the burst with the longest waiting time to the OBS network.

As for the performance issue of the JET signaling protocol in the OBS network, several studies
have appeared in the literature. In those studies, the Erlang loss system, i.e., the M/M/c/c queueing
model, plays an important role for the analysis of burst loss probability. For example, the burst loss
probability for the OBS node without fiber delay lines (FDLs) was analyzed using the M/M/c/c
in [4], [19], [22], and [28]. In [26], a probabilistic preemption scheme for service differentiation in
OBS networks was analyzed with a multi-dimensional Markov chain. As for the case where the
OBS node has FDLs, an M/M/c/K queueing model is utilized for the analysis of the burst loss
probability [5], [12], [28].

[8] discussed the influence of self-similar traffic on assembled burst traffic in OBS core nodes and
showed that a Poisson process can be assumed for the burst arrival process in the time-scale of
burst blocking. It is well known that the burst size distribution significantly depends on the burst
assembly technique. For example, the burst size distribution approaches to deterministic when the
burst assembly is timer-based [8], [29]. [14] analyzed the blocking time distribution for bursts and
investigated the effect of three burst-size distributions; the Pareto, Gaussian and exponential ones.
However, to the best of our knowledge, the performance analysis in which both the burst assembly
technique and burst transmission scheduling are taken into consideration has not been studied yet.

In this paper, we analyze the performance of the timer-based burst assembly at an edge OBS node
without FDLs. A burst is assembled in a round-robin manner, and with the JET signaling protocol,
assembled bursts are transmitted into the OBS network at multiples of some fixed interval. In [18],
we modeled the edge node as a loss model with deterministic and Poisson arrivals, assuming that
assembled bursts are transmitted at fixed intervals from scheduler. In this paper, we extend the
model to the one with geometric and Poisson arrivals, and explicitly derive the burst loss probability,
burst throughput, and data throughput. We also investigate those performance measures for uni-
directional ring and mesh-torus networks by simulation, and discuss the effectiveness of our analysis
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in comparison with the Erlang loss model and simulation.
The rest of the paper is organized as follows. Section II presents the timer-based burst assembly

and burst transmission scheduling, and in Section III, we describe our analytical model for an edge
node. In section IV, we present the performance analysis of the model in detail and numerical
examples are shown in Section V. Finally, conclusions are presented in Section VI.

II. Timer-based burst assembly and slotted transmission scheduling

The OBS network considered in the paper consists of edge and core nodes, as shown in Fig. 1.
An ingress edge node consists of a burstifier, a scheduler, and a burst switch (see Fig. 2). The
burstifier has L buffers, and IP packets arriving from its access network are stored in the buffers
corresponding to their egress edge nodes.

In our scenario, bursts are assembled with multiple IP packets stored in each buffer, and each
burst assembly is processed in round-robin fashion. The burst assembly processing time at each
buffer is constant and equal to T . We define the cycle time of a round-robin process as the total
processing time at the L buffers and thus it is given by LT . Therefore, in each buffer, a burst is
assembled with IP packets stored during the cycle time LT . Let D denote the minimum burst size.
If the amount of IP packets just before the assembly is smaller than D, padding is performed such
that the resulting burst size is equal to D.

The scheduler sends the associated control packet to the egress edge node and then transmits
the burst into the OBS network after some offset time. The scheduler sends control packets so that
bursts depart from the scheduler at multiples of T as shown in Fig. 3. In this figure, we assume
that L is equal to 4.

Let Bi (i = 1, · · · , L) denote the burst assembled in the ith buffer and Ci the control packet
associated with Bi. We define ∆i as the offset time for Bi. Let τi (i = 1, · · · , L − 1) and τL denote
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the transmission intervals between Ci and Ci+1, and between CL and C1, respectively.
When ∆i and ∆i+1 (i = 1, · · · , L − 1) satisfy

T + ∆i ≥ ∆i+1, (1)

Ci is transmitted before Ci+1, and τi is set to T + ∆i − ∆i+1. On the other hand, when ∆i and
∆i+1 (i = 1, · · · , L − 1) satisfy

T + ∆i < ∆i+1, (2)

Ci+1 is transmitted before Ci, and τi is set to ∆i+1 − T − ∆i. In terms of CL and C1, i and i + 1
in the above are replaced by L and 1, respectively, and τL is determined in the same way.

Note that the order of control-packet transmissions are not always in sequence and that the
transmission interval between consecutive control packets depends on the offset times of the cor-
responding bursts. However, the bursts are transmitted in sequence over the cycle time and each
burst transmission starts at a multiple of T .

The assembled bursts are forwarded to the scheduler and then sent to the switch. The timer axis
in the scheduler is segmented into a sequence of slots with size T , and it is assumed that the burst
forwarding from the scheduler to the switch starts at the slot boundary if there exists at least one
burst in the scheduler.

In the burst switch, wavelengths are used not only by bursts from the scheduler but also by those
from other OBS nodes. When a control packet arrives at the OBS node and there are no available
output wavelengths, the control packet fails in reserving a wavelength and the corresponding burst
is lost.

III. Analytical model

We focus on an ingress edge node for the performance analysis of the timer-based burst assembly.
In the burstifier of the edge node, there are L buffers and IP packets coming from the access network
are stored in the buffers. (see Fig. 4.)

We assume that IP packets arrive at the edge node from the access network according to a
Poisson process with rate λ and that the egress edge nodes of the IP packets are equally likely.
Because each IP packet is stored in the buffer corresponding to its egress node, IP packets arrive
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at each buffer according to a Poisson process with rate λ/L. Moreover, we assume that the mean
length of an arriving IP packet is M bits. When the transmission speed of a wavelength is B bps,
an IP packet is transmitted with the mean transmission time 1/µ = M/B.

The processing time of a burst assembly at each buffer is a fixed time equal to T . We assume that
the buffer with no IP packet is served with the processing time T . Therefore, a burst is assembled
with multiple IP packets which are stored during the cycle time LT . Hence the mean transmission
time of a burst at the switch is given by λT/µ = λMT/B. We assume that the transmission time
of a burst is exponentially distributed with the mean λMT/B 1.

The assembled bursts are forwarded to the scheduler and then sent to the switch. The timer axis
in the scheduler is segmented into a sequence of slots with size T , and it is assumed that the burst
forwarding from the scheduler to the switch starts at the slot boundary if there exists at least one
burst in the scheduler. Because the packet arrival process at each buffer is Poisson with parameter
λ/L and the cycle time is LT , the probability that there exists a burst in the scheduler at the slot
boundary is given by 1 − e−λT .

Note that the burst inter-departure time at the scheduler is geometrically distributed with a
mean of 1/(1 − e−λT ) slots. That is, denoting A as the burst inter-departure time, we have

Pr{A = kT} = (1 − e−λT )e−(k−1)λT , k ≥ 1. (3)

There are W output wavelengths in the switch and two types of bursts are transmitted with the
wavelengths; the bursts from the scheduler and those from the other edge nodes. We assume that
the OBS network has many edge nodes and that each node’s scheduler is not synchronized with
other schedulers. If a large number of the burst arrival processes are independent and each burst
arrival process contributes a small fraction to the load, the compound burst arrival process can
be approximated by a Poisson process [10]. Following [10], we approximate the compound burst
arrival process from the other nodes by a Poisson process with rate λo.

IV. Performance analysis

From the assumptions in Section III, we have a Geo,M/M/W/W queueing model as shown in
Fig. 4. In this section, we explicitly derive the burst loss probability, burst throughput, and data
throughput for the Geo,M/M/W/W system. In the following, we assume that the system is in
equilibrium.

1[29] reported that with the assumption of Poisson arrivals for IP packets, the distribution of burst length approaches
to a deterministic distribution as the timeout value becomes large. In general, however, a multiserver queueing system
whose service distribution is general is not analyzable expect for the Erlang loss system. For analytical simplicity, we
assume the exponential distribution for the burst-transmission time.
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Let N(t) denote the number of bursts being transmitted in the system at time t. Without loss
of generality, we assume that the event of a burst arrival from the scheduler occurs at multiples of
T . Fig. 5 shows the sample path of N(t). In this figure, burst arrivals from the scheduler occur at
multiples of T , while those from the other nodes occur at arbitrary points.

First, we focus on the system state just before the slot boundary (white circles in Fig. 6). We
define the number of bursts in the system just before the nth slot as N−

n = N(nT−) (n = 0, 1, · · ·).
With the assumptions of Poisson arrivals from the other nodes and the exponential transmission
time, the process {N−

n : n = 0, 1, · · ·} is a discrete-time Markov chain. We define the steady state
probability for the Markov chain as

qk = lim
n→∞Pr{N−

n = k}, 0 ≤ k ≤ W. (4)

To derive the transition probability of qk, we consider the state transition between N−
n and N−

n+1.
Note that the state transition between N−

n and N−
n+1 consists of two parts: one is the event of a

burst arrival from the scheduler at nT (the nth slot boundary), and the other is the transition from
the state just after the nth slot boundary to the state just before the n + 1st slot boundary. Note
that the latter state transition is the same as an M/M/W/W queueing model in which the arrival
process is Poisson with rate λo and the service time is exponentially distributed with the mean
λT/µ. The state transition diagram for the M/M/W/W queueing model is illustrated in Fig. 7.
Let Q denote the infinitesimal generator of the M/M/W/W . Q is a (W + 1) × (W + 1) matrix
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whose (i, j)th element is given by

[Q]ij =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

λo, 1 ≤ i ≤ W, j = i + 1,
−

{
λo + (i−1)µ

λT

}
, 1 ≤ i ≤ W + 1, j = i,

(i−1)µ
λT , 2 ≤ i ≤ W + 1, j = i − 1,

0, otherwise.

(5)

For s and t (0 ≤ s < t < T ), we define H(s, t) as the M/M/W/W state-transition probability
matrix from the state at time s to the state at time t. H(s, t) satisfies the forward Chapman-
Kolmogorov equation

∂H(s, t)
∂t

= H(s, t)Q. (6)

In the following, H(0, t) ≡ H(t) and I is the identity matrix. With the initial condition H(0) = I
and (6), H(t) is given by H(t) = e�t.

Note that a burst arrival from the scheduler occurs with probability 1 − e−λT . Therefore, the
system state just after the nth slot boundary is min(N−

n + 1,W ) with probability 1− e−λT , or N−
n

with probability e−λT . Since the slot size is T , the transition probabilities for qk are then given by

Uij ≡ Pr{N−
n+1 = j|N−

n = i}

=

{
(1 − e−λT )[H(T )]i+1,j + e−λT [H(T )]i,j, 0 ≤ i ≤ W − 1, 0 ≤ j ≤ W,
[H(T )]W,j , i = W, 0 ≤ j ≤ W.

(7)

With U = [Uij ], q = (q0, · · · , qW ), and e = (1, · · · , 1)T , q is determined from the equilibrium
equations q = qU and the normalizing condition qe = 1. Given that a burst arrival from the
scheduler occurs, the burst is lost with probability qW .

Next, we consider the steady-state probability at an arbitrary point defined as pk = limt→∞ Pr{N(t) =
k}. Note that Pk is the same as the probability that the burst arrivals from the other nodes (Pois-
son arrivals, black circles in Fig. 8) find k bursts in the system (Poisson arrivals see time averages,
[24]). We define the nth cycle as the time interval [nT, (n + 1)T ). From the assumptions in our
analytical model, it is clear that the process N(t) regenerates itself at nT (n = 0, 1, · · ·). With the
renewal-reward theorem [24, p. 60], we have for k = 0, 1, 2, · · · ,

pk = lim
t→∞

1
t

∫ t

0
1{N(t)=k}dt =

1
T

∫ T−

0
E

[
1{N(t)=k}

]
dt, (8)

where 1{X} is the indicator function of event X. (8) implies that the steady state probability at an
arbitrary time is equal to the time average of the number of bursts in the system over one cycle.
Therefore, we consider the time average of N(t) over one cycle.
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Let {rk : k = 0, · · · ,W} denote the state probability at the beginning of a cycle. With the steady
state probability qk, rk is given by the following equations.

rk =

⎧⎪⎨
⎪⎩

e−λT q0, k = 0,
(1 − e−λT )qk−1 + e−λT qk, 0 < k < W,
(1 − e−λT )qW−1 + qW , k = W.

(9)

Let p = (p0, · · · , pW ) and r = (r0, · · · , rW ). For 0 ≤ t < T , we have

E
[
1{N(t)=k}

]
=

[
re�t

]
k
, (10)

where [x]k denote the kth element of vector x. Substituting (10) into (8), we obtain

p =
1
T

r

∫ T−

0
e�tdt =

1
T

r

∫ T

0
e�tdt =

1
T

r
∞∑

k=0

QkT k+1

(k + 1)!
, (11)

where we use the continuity of e�t in the second equality.
In (11), Q is the infinitesimal generator of M/M/W/W and hence Q is singular. Now we consider

the matrix eπ−Q where π is the steady-state probability vector of M/M/W/W such that πQ = 0
and πe = 1. Here, eπ − Q is nonsingular [13] and has an inverse matrix. In addition, Q and π
satisfy the following equation

Q(eπ − Q) = −Q2. (12)

Hence, we have
Q = Q2(Q − eπ)−1. (13)

With (11) and (13), p is explicitly given by

p =
1
T

r
{
IT + (e�T − I − QT )(Q − eπ)−1

}
. (14)

Because Poisson arrivals see time average (PASTA) [24], the loss probability for the bursts from
the other nodes is given by pW .

With qW and pW , the burst loss probability Ploss is given by the following equation.

Ploss =
(1 − e−λT )qW + λoT pW

1 − e−λT + λoT
. (15)
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The burst throughput defined as the number of transmitted bursts per unit of time, T
(b)
hr , is given

by

T
(b)
hr =

(1 − e−λT )(1 − qW )
T

+ λo(1 − pW ). (16)

Finally, the data throughput defined as the amount of transmitted data (bits) per unit of time,
T

(d)
hr , is derived as

T
(d)
hr = λM

{
(1 − e−λT )(1 − qW ) + λoT (1 − pW )

}
. (17)

V. Numerical examples

In our numerical examples, we assume that the transmission speed of each output wavelength
B is 10 Gbps and that IP packets with the mean size of 1,250 bytes, i.e. M = 10, 000 bits, arrive
at the edge node from the access network. Thus, the mean transmission speed of an IP packet,
1/µ, is 1.0 µs and in the following, the unit of time is 1.0 µs. In addition, we set µ = 1.0 and the
minimum burst size D is equal to 64 kbytes.

A. An edge node in OBS network

In this subsection, we assume that the number of buffers L is equal to 5. The burst loss prob-
ability, burst throughput [number of bursts/s], and data throughput [Gbps] are calculated by the
analysis in the previous section and by simulation. The assumptions we made for the simulation
are the same as the analysis, except that the IP packet size is constant and equal to 1,250 bytes.
Note that the probability distribution of the resulting burst size is not an exponential one.

We also compare the analysis with the Erlang loss system which has been extensively used as
a reference model for evaluating the loss performance in the literature [28]. For the Erlang loss
system, the burst loss probability, burst throughput, and data throughput are given by

P
(Erlang)
loss =

{λT (1/T + λo)/µ}W /W !∑W
k=0{λT (1/T + λo)/µ}k/k!

, (18)

T
(b)(Erlang)
hr = (1/T + λo)

{
1 − P

(Erlang)
loss

}
, (19)

T
(d)(Erlang)
hr = λMT (1/T + λo)

{
1 − P

(Erlang)
loss

}
. (20)

A.1 Impact of burst assembly processing time

First, we consider how the burst assembly processing time T affects the burst loss probability,
burst throughput, and data throughput. Here, we set W = 32 and λ = 1.0. λo is determined so
that the system utilization factor ρ = λ(1 + λoT )/Wµ is unchanged.

Fig. 9 illustrates the loss probability against the burst-assembly processing time with ρ = 0.4,
0.5, 0.75, and 1.0, and Figs. 10 to 11 illustrate the burst and data throughputs, respectively.
These results are calculated by our analysis and simulation. From these figures, we observe that
the analytical and simulation results are almost the same in the case of large ρ and that the
discrepancy between these two results is small even when ρ = 0.4. Table I shows the results of the
Geo,M/M/W/W , Erlang, and simulation in the case of small T . The table shows that if T is large
and the padding is not used, the result of Geo,M/M/W/W is more close to that of the simulation
than the Erlang loss model. These results validate the efficiency of the analysis under the above
conditions.

Fig. 9 shows that the burst loss probability does not change as the burst assembly processing
time becomes large. When the burst assembly processing time is large, large bursts are assembled
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TABLE I
Comparison of results of Geo,M/M/W/W , Erlang, and simulation in the case of ρ = 0.5.

T [ms] Metrics Erlang Geo,M/M/W/W Simulation

Ploss 1.45e-04 1.22e-04 (3.46±0.12)e-04

0.05 T
(b)
hr 319.95 319.96 319.87±0.14

T
(d)
hr 159.97 159.98 159.93e±0.07

Ploss 1.45e-04 1.22e-04 (1.13±0.09)e-04

0.1 T
(b)
hr 159.97 159.98 159.95±0.09

T
(d)
hr 159.97 159.98 159.95±0.09

Ploss 1.45e-04 1.22e-04 (1.16±0.08)e-04

0.5 T
(b)
hr 31.99 31.98 31.99±0.03

T
(d)
hr 159.97 159.98 159.99±0.02

at the edge node. However, the interval between consecutive burst transmissions also becomes
large. Therefore, the burst assembly processing time does not affect the burst loss probability for
the timer-based burst assembly. In Fig. 9, we also find that the burst loss probability becomes
large as the system utilization factor ρ increases.

From Fig. 10, we observe that the burst throughput becomes small as the burst assembly pro-
cessing time increases. This is because the increase of the burst assembly processing time causes a
large burst-transmission interval. As a result, the burst-transmission delay becomes large and the
number of transmitted bursts per unit of time becomes small. The burst throughput also decreases
as the system utilization factor becomes small, however, the impact of the system utilization fac-
tor on the burst throughput is smaller than that of the burst assembly processing time. On the
other hand, in Fig. 11, the data throughput does not change as the burst assembly processing time
becomes large.

From these observations, the burst loss probability and data throughput are insensitive to the
burst assembly processing time while the burst throughput is sensitive to the burst assembly pro-
cessing time. Note that the decrease of the burst throughput implies the increase of the burst-
transmission delay.
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A.2 Impact of bursts from the other nodes

Next, we investigate how the bursts from the other nodes affect the performance of the timer-
based burst assembly. Fig. 12 shows the relation between the arrival rate of bursts transmitted
from the other nodes, λo, and the burst loss probability in the cases of λ = 3.0, 5.0, and 10.0.
Figs. 13 and 14 show the results for the burst and data throughputs, respectively. Here, we set
W = 32 and T = 1.0 ms.

From Fig. 12, we observe that the burst loss probability for the timer-based burst assembly
increases as the arrival rate of bursts from the other nodes becomes large. This is simply because
the system is overloaded. We also observe that the burst loss probability increases as the arrival
rate of packets from the access network becomes large. This is due to the large bursts which are
assembled with a number of IP packets at the edge node.

Comparing the loss probabilities for our analysis and the Erlang loss system in Fig. 12, the burst
loss probability for the Erlang loss system is always larger than that for our analysis, while the
results for our analysis is remarkably close to the simulation ones even when λo is small. Note that
the discrepancy between the Erlang loss system and simulation becomes large when λo decreases.
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Fig. 12. Burst loss probability vs. arrival rate of bursts from other nodes.
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Fig. 13. Burst throughput vs. arrival rate of bursts from other nodes.

This implies that the accuracy of the Erlang loss system greatly depends on the arrival rate of
the bursts from the other node and that our analytical model succeeds in predicting the burst loss
probability in the case of small λo, where the Erlang loss model fails in providing the accurate
value.

From Figs. 13 and 14, we observe that the burst and data throughputs become large and converge
to constant values as the arrival rate of bursts from the other nodes increases. We also find that
the burst throughput becomes small as the arrival rate of IP packets from the access network, λ,
increases. This is because the burst size becomes large and this results in the increase of the burst
loss probability. However, the number of packets assembled into a burst also increases and this
causes large data throughput.

A.3 Impact of the number of wavelengths

Fig. 15 shows how the number of wavelengths affects the loss probability for the timer-based burst
assembly. In this figure, we set λ = 10.0 and T = 1.0 ms. The loss probabilities are calculated by
the analysis and simulation in the cases of λo = 0.001, 0.002, 0.003 and 0.004. From this figure,
we find again that the results of our analysis are close to the simulation results, while the results
for the Erlang loss system are always larger than those for the simulation. On the other hand, the
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Fig. 14. Data throughput vs. arrival rate of bursts from other nodes.
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Fig. 15. Burst loss probability vs. number of wavelengths.

discrepancy among the analysis, Erlang loss model, and simulation becomes small as W becomes
large. Therefore, the Erlang loss model is useful for large W , however, our analysis is more useful
than the Erlang loss model when the number of wavelengths is not large.

B. Ring network

In this subsection, we investigate the effectiveness of our analysis for a uni-directional ring net-
work. In the ring network with L+1 nodes, IP packets arrive at each node from its access network
according to a Poisson process with rate λ and the pair of source and destination nodes is uniformly
distributed, i.e., any pair is selected with the same probability. In addition, we assume that the
processing time of a control packet at each node is 1.0 ms and that the distance between each two
nodes is 320 km. Here, the number of wavelengths is W and the burst assembly time T is equal to
1.0 [ms].

Table II illustrates the burst loss probability for our analysis, Erlang loss model, and simulation
at an arbitrary link. Note that in the Geo,M/M/W/W and Erlang loss models, we obtained the
value of λo from the simulation results in advance.

From this table, we can see the discrepancy between the analysis and simulation results. This
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TABLE II
Comparison of results of Geo,M/M/W/W , Erlang, and simulation in uni-directional ring

network.

(L + 1, W ) λ Erlang Geo,M/M/W/W Simulation

(5,8) 3.0 1.77e-01 1.52e-01 (6.24±0.96)e-02
4.0 2.60e-01 2.36e-01 (1.58±0.02)e-01

(5,16) 7.0 1.72e-01 1.53e-01 (8.69±0.68)e-02
8.0 2.15e-01 1.97e-01 (1.38±0.02)e-01

(10,16) 3.5 1.34e-01 1.25e-01 (6.54±0.54)e-02
4.5 1.88e-01 1.78e-01 (1.22±0.05)e-01

(20,32) 4.25 1.07e-01 1.03e-01 (5.24±0.19)e-02
8.0 2.00e-01 1.95e-01 (1.60±0.01)e-01

Fig. 16. Mesh-torus network with 25 nodes.

is because the burst arrival process from the other nodes is not a Poisson one in the simulation
and the probability distribution of the resulting burst size is not an exponential one. However,
the analysis result gives the upper bound of the simulation one and both results show the same
tendency. As the numbers of nodes and wavelengths become large, our analysis result becomes
close to the simulation one. Moreover in this table, we observe that our analysis can give the better
estimate for the burst loss probability than the Erlang loss model. Hence, in the uni-directional
ring network, our analytical model is useful for capturing the burst loss behavior in a qualitative
sense.

C. Mesh-torus network

Finally, we investigate the effectiveness of our analysis for a mesh-torus network with 25 nodes
(see Fig. 16). We use the same parameters as those in the ring network. In this network, bursts
are transmitted from source to destination nodes according to the deterministic routing algorithm
as follows [9]. We define Dx and Dy as the shortest distance in the number of links from the
destination node along the x and y axes, respectively. When Dx ≥ Dy or Dx = Dy < 2, we choose
a link on the x axis as the next one to get closer to the destination node. When Dx < Dy or
Dx = Dy = 2, a link on the y axis is chosen. We repeat this procedure until Dx and Dy become
zero. Here, each source node has 24 destination nodes and four output links. Note that according
to the routing algorithm, each output link of the source node supports burst transmission to six
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TABLE III
Comparison of results of Geo,M/M/W/W , Erlang, and simulation in mesh-torus network.

W λ Erlang Geo,M/M/W/W Simulation

16 12.0 1.16e-01 1.08e-01 (7.36±0.99)e-02
15.0 1.60e-01 1.51e-01 (1.47±0.13)e-01

32 26.0 7.99e-02 7.34e-01 (5.92±0.68)e-02
32.0 1.47e-01 1.40e-01 (1.25±0.11)e-01

destination nodes. Each node has four pairs of burstifier and scheduler, and the cycle time of
round-robin is 6.0 [ms] (L = 6 and T=1.0 [ms] in our analysis). We preobtained the value of λo

for the Geo,M/M/W/W and Erlang loss models from the simulation results. In the following, we
focus on any link in this network.

Table III illustrates the burst loss probability for the analysis, Erlang loss model, and simulation
in the cases of W = 16 and 32. From this table, we observe the discrepancy between the analysis
and simulation results, however, the discrepancy is smaller than that in the ring network. This is
because each node in the mesh-torus network has more input and output links than that in the
ring network, and the resulting burst arrival process is more close to a Poisson process. Moreover,
our analysis gives the good estimate for the burst loss probability when the number of wavelengths
is large and traffic load is heavy. From the above observation, our analytical model is useful for
characterizing the burst loss behavior in the mesh-torus network.

VI. Conclusions

In this paper, we considered the timer-based burst assembly with slotted scheduling for OBS
networks. To evaluate its performance at an OBS edge node, we considered the Geo,M/M/W/W
model and explicitly derived the burst loss probability, burst throughput, and data throughput.
Numerical examples showed that our analysis is efficient to evaluate the performance of the timer-
based burst assembly in comparison with the Erlang loss system. In particular, our analysis is
useful for the OBS network where a number of wavelengths are utilized and the arrival rate of
bursts transmitted from other nodes is relatively small. Moreover, we observed that our analysis
is also effective for large-scale uni-directional ring and mesh-torus networks with a large number of
wavelengths.
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