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Abstract. Improvement in the performance of optical networks in termsof Quality of Service is achieved
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non-uniform traffic pattern is analyzed by using a novel Reservation Bit technique. Minimum packet loss
is achieved by employing buffers in contrast to the use of buffer-less slotted optical packet switching in
non-uniform traffic pattern. Performance of Reservation Bit algorithm is analyzed for different Service
classes and is compared with First-Fit wavelength assignment algorithm. Also, delay rate for different
traffic pattern is found and analyzed.
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1 Introduction

Optical networks are high capacity telecommunication
networks that use optical technologies. Since light has
higher frequencies and shorter wavelengths, greater num-
ber of information bits can be transmitted in optical net-
works. Optical networks operate at a rate of terabits per
second; hence they provide higher bandwidth [8]. Very
high speed optical networks are required for establish-
ing the next generation broadband data communication
systems. It can transmit data in several gigabytes per
second per fiber since it uses only one channel for each
fiber to transfer data. Even though the bandwidth of
fiber is high; such a type of optical system is inefficient
in using the entire bandwidth. WDM, TDM or Hybrid
TDM/WDM based optical networks are becoming the
right choice for the next generation internet networks
to transport high speed IP traffic [10]. QoS refers to

control mechanisms that can provide different priority
to different users or data flows or guarantee data flow
in accordance with requests from the application pro-
grams. The important QoS parameters are packet loss
rate, BER, bandwidth, delay, recovery time, jitter, reli-
ability, response time, fault tolerance and etcetera.

This paper presents a novel and efficient algorithm
to reduce the packet loss rate by employing reservation
bit technique in the buffers incorporated in the switch
and delay rate in different traffic patterns is found. It
is seen that packet loss rate is reduced by introducing
buffers in slotted OPS. The performance of the non uni-
form slotted OPS while using reservation bit algorithm
is compared with that of the performance when first-
fit wavelength assignment algorithm is used. Also, de-
lay rate is found in different traffic patterns and is com-
pared. The number and complexity of components in-



cluded in the assigned buffer architecture must be kept
to a minimum.

This paper has been organized as follows: Section
2 describes the architecture of slotted OPS. Section 3
introduces the reservation bit algorithm which is used in
the buffer. In section 4, the packet loss characteristics
are examined by using the algorithm presented in this
paper and delay rate for various traffic patterns is also
presented. In Section 5, results along with discussions
are presented and Section 6 deals with the conclusion.

2 Description of the Architecture

Fig. 1 shows the architecture of the OPS network under
consideration. A slotted optical packet switch is con-
sidered and Optical packet switching (OPS) as a future
generation switching technique in optical communica-
tions is proposed. An optical packet is made up of a
header and user data. In an optical packet switched net-
work, when an optical packet arrives at a switch, the
switch processes the optical packet in hybrid electro
optical method: the optical packet header is processed
electronically, while the packet payload remains in the
optical domain.

The traffic is uniform if all arrival processes have the
same arrival rate, and destinations are uniformly dis-
tributed over all output nodes. In non-uniform traffic
pattern all nodes are not to receive and send similar vol-
umes of traffic [1, 2]. Packet loss is the failure of one
or more transmitted packets not reaching their destina-
tion [2]. Contention occurs when two or more packets
are assigned to the same output port on the same wave-
length at the same time [2, 4, 9].

Figure 1: Architecture of the Optical Packet Switching Network

PLR is considered as one of the QoS parameters,
which means that the service classes will be isolated
based on different Packet Loss Rates.

The following assumptions have been made for the
simulation:

• The switch hasF number of input andF number
of output fiber.

• In WDM mode, each fiber providesN wavelengths
to transport data, each wavelength with a specified
capacityc bps.

• N number of wavelength conversions takes place
at each input node.

• Ci: Service Class (0 tod− 1, whered is integer)

• Pi: PLR for classi traffic at output fiber, where
0 < i < d− 1.

• Si: Relative share which is used to find the load in
each class.

• ρ: Probability for packet arrival on an input wave-
length, where0 ≤ ρ ≤ 1.

• Ak: Probability fork (0 ≤ k ≤ FN ) arrivals to
the output fiber in a given time slots. The number
of packets transmitted isk. Ak packets are dis-
tributed according to the Binomial processPp(k |
n), wheren = FN is the number of input wave-
lengths andp = ρ/FF .

• There are two probabilities which areρ andAk,
whereρ is the probability for packet arrival(s) at
the input node andAk is the probability for arrivals
at the output fiber in a given time slot and it has
been written as

Ak = P ρ
F
(k | FN )

=

(

FN

k

)

( ρ

F

)k (

1−
ρ

F

)FN−k

(1)

• The average number of packet arrivals in a time
slot isE [Ak] = FN p = ρN .

• If k > N , k − N packets will be discarded. The
average packet loss has been calculated using (2).

Pav =
1

ρN

FN
∑

k=N+1

Ak(k −N) (2)

• ci is the number of packets in service Classi

Total Number of Packets=
d−1
∑

i=0

ci (3)



• Relative share for uniform and non-uniform slot-
ted OPS has been computed using

Si =
ci

d−1
∑

i=0

ci

(4)

3 Reservation Bit Algorithm

The reservation bit algorithm is written for slotted OPS
wherein buffers are used to avoid overlapping of pack-
ets and the packet loss is reduced. This algorithm is
designed and used to improve the QoS of the networks
in terms of reduction in PLR.

The following assumptions are considered in this al-
gorithm:

• Let ji denote the number of classi packets that
arrive in a time slot. The total number of packet
arrivals to the fiber in a time slot isk. That isj0 +
j1 + · · ·+ jd−1 = k.

• In order to isolate the service classes, the param-
eter li (0 ≤ li ≤ N) is introduced, which is the
number of wavelengths reserved for Classi traffic
in the case of contention in a time slot.

• For a service classi, if ji < li (the number of in-
coming packets are less than the wavelengths as-
signed), it will resultji − li free slots.

• For a service classi, if ji > li (the number of
incoming packets are greater than the wavelengths
assigned), it will result inli − ji overflow packets.

This algorithm is comprised of 10 steps as enumerated
below.
Step 1: If the wavelengths assigned in the service classes
of each time slot are greater than the number of packets
arrived in that time,

then
Go to Step 2.
else
Go to Step 3.

Step 2: Find the value of free slots using the following
formula:

∑

ALl Service Class

If (ji < li) return(ji − li)

Go to Step 4.
Step 3: Find the value of packets that overflow using
the following formula:

∑

ALl Service Class

If (ji > li) return(li − ji)

Step 4: Packets that overflow may be assigned to free
slots of other service classes. Free slots arise because
of less utilization of wavelengths assigned to service
classes.
Step 5: When overflow of packets is greater than the
free slots, the free slots are occupied by overflowing
packets and the remaining packets will be stored in the
buffer with respect to their service classes.
Step 6: The packets in buffer are classified with respect
to their service classes. The packets in the buffer have
reservation bits.
Step 7: Whenever free slots arise in service classes, the
packets in the buffers will be given the highest priority.
Step 8: If the number of free slots arising in one service
class is equal to the number of packets in the buffer of
the same service class, then the buffered packets will
occupy the available free slots.
Step 9: If the number of free slots arising in one service
class is less than the number of packets in the buffer of
the same service class, then the buffered packets will
occupy the available free slots on First Come First Serve
basis.
Step 10: If the number of free slots arising in one ser-
vice class is greater than the number of packets in the
buffer for the same service class, buffered packets will
take the highest priority, the remaining free slots will be
occupied by the incoming packets.
Step 10.a: If the number of balance free slots is greater
than the number of incoming packets, all the incoming
packets will occupy the free slots.
Step 10.b: If the numbers of balance free slots is less
than the number of incoming packets,

then
Go to Step 4.

Free slots will arise when the number of incoming pack-
ets is less than the wavelengths assigned. In a given
situation where the incoming packets are more than the
wavelengths assigned in that time slot, overflow of pack-
ets will occur. Overflowing packets will occupy free
slots generated by the other nodes in the same service
class [5, 9] Three buffers of the size of 5 are used in the
OPS switch catering to all service classes. The math-
ematical expressions used to calculate PLR in Slotted
OPS are in accordance with [2].

4 Operating Principle

The reservation bit algorithm is implemented by intro-
ducing buffers. When the traffic speed of the access link
is slower than the backbone network, then the buffer
contains 5 packets so as to have 80% link utilization [6].



If there is flow of packets into the nodes with a speci-
fied service class, the incoming packets with assigned
wavelengths occupy the nodes as per the assigned ser-
vice class. When the assigned wavelengths in one ser-
vice class are occupied, it checks the free wavelengths
of other service classes and the packets will occupy the
free slots in the other service classes. When the as-
signed wavelengths are completely occupied in all the
nodes, the packets overflow. By introducing buffers, the
packets that overflow are saved. When the free slot is
not available for the incoming packet, instead of drop-
ping that packet, it will be saved by the buffer which is
provided in the switch. Before entering the buffer, a bit
is added to the packet header for the purpose of reserva-
tion with respect to their service class. Whenever free
slots are available, the packets in the buffer occupy free
slots. Buffered packets will have the highest priority
over the incoming packets. The buffered packets with
respect to their class will occupy the free slots of corre-
sponding service class wavelengths on First Come First
Serve basis.

Poisson arrival process is used in asynchronous op-
tical packet switching. Packet arrival rate in slotted OPS
for more than one class is found using multinomial dis-
tribution [3]. PLR is calculated using (5) and the multi-
nomial distribution is computed using (6).
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Non-uniform traffic pattern of slotted OPS is tested
for service classes 3, 4 and 5. The following parame-
ter values are considered in this paper. The number of
input and/or output nodes is 4; total number of wave-
lengths assigned is 16. For service class 3, wavelengths
assigned for the 0-th class is 4, wavelengths assigned
for class1 is 5, wavelengths assigned for class2 is 7.
For Service class 4, wavelengths assigned for the 0-th
class is 4, wavelengths assigned for class1 is 4, wave-
lengths assigned for class2 is 5, wavelengths assigned

for class3 is 3. For Service class 5, wavelengths as-
signed for the 0-th class is 3, wavelengths assigned for
class1 is 3, wavelengths assigned for class2 is 5, wave-
lengths assigned for class3 is 3 and wavelengths as-
signed for class4 is 2.In uniform traffic pattern, packet
arrival probability is 0.6. In non-uniform traffic pattern,
packet arrival probabilityρ has been calculated using
(3).

ρ =
Number of packet arrival

FN
(7)

The number of packets transmitted by using this archi-
tecture is given by,

Number of transmitted packets= FN (Number of Slots)
(8)

Number of time slots assumed in this paper is 10. The
architecture used in this paper can transmit up to 640
packets. It may be noted that the total wavelengths used
in this paper is 16.

In this paper, the service classes are considered with
a buffer size of five. This is due to the following rea-
sons:

• When we reduce the buffer size to less than five,
PLR value will increase.

• Practically PLR may exist when the optical sig-
nal is transmitted over fiber. When the size of the
buffer is increased to more than five, there may not
be PLR as far as simulation is considered. Practi-
cally PLR may exist.

In the First-Fit wavelength assignment algorithm,
all wavelengths are numbered in a certain order, for an
example ascending order from 0 to W-1, where W is
a number of wavelengths. When the deciding node at-
tempts to assigned a wavelength, it sequentially searches
all wavelengths in an ascending order and assigns the
first available wavelength [12]. First-Fit wavelength as-
signment algorithm is port based and packets are trans-
mitted according to their wavelengths, Whereas trans-
mission of packets is class based in reservation bit al-
gorithm and packets are transmitted according to their
service classes and wavelengths. Thus the drop rates of
packets are reduced resulting in improved QoS. Anal-
ysis of delay rate in slotted OPS using three types of
traffic patterns viz. Non-uniform, Poisson [11] and ON-
OFF traffic models [7] are presented in this paper. Sum-
mation of the waiting time in the buffer and the trans-
mission time between source node and destination node
through the switch is considered as delay and the same
is found for the above said traffic patterns. The mean



delay for the above said traffic pattern is found using (4).

T =
∑

i

λi

γ
Ti (9)

whereT is the average network delay,λi is the average
traffic on channeli, γ is the network throughput, andTi

is the average delay in passing through nodei.
It is found that the delay in the buffer is less in

non-uniform traffic pattern when compared to the rest.
Moreover ON-OFF traffic pattern and non-uniform traf-
fic pattern may produce the same delay. In ON-OFF
traffic pattern, there is continuous flow of packets dur-
ing on period and there is no flow of packets during off
period. When one node is in on period, other nodes may
be in off period in ON-OFF traffic pattern. So there may
be continuous flow of packets in all time slots and at the
same time there is the possibility of all nodes being in
off period. When all nodes are in off period, there is no
flow of packets and assigned wavelengths will not be
used during that time slot(s). In Poisson traffic model,
packet arrival is random and all nodes can transmit the
packets during the same time slot(s). There is a pos-
sibility of certain flow of data during some time slots
and occurrence of less number of packets during some
slots. Moreover intervals between packet arrivals can-
not be predicted. Even though packet arrival is ran-
dom in non-uniform traffic pattern, the utilization of
free wavelengths is high and delay rate is less and also
PLR is less.

Table 1: Packet arrival rate for 200 packets

Time slots Class 0 Class 1 Class 2 Total
slots packets packets packets packets

1 8 6 2 16
2 8 3 6 17
3 14 6 5 25
4 8 5 5 18
5 2 7 6 15
6 6 9 3 18
7 7 4 6 17
8 14 7 7 28
9 4 4 9 17
10 9 9 11 29

Total 80 61 59 200
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(b) PLR with time for buffereless OPS in non-uniform traffic
pattern of 200 packets for service class 3.
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(c) PLR graph for buffered Slotted OPS in non-uniform
traffic pattern of 200 packets for service class 3.
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(d) PLR graph for buffered Slotted OPS in non-uniform
traffic pattern of 600 packets for service class 3.
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Figure 3: PLR graph for buffered Slotted OPS in non-uniform traffic
pattern of 200 packets for service class 4.
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Figure 4: PLR graph for buffered Slotted OPS in non-uniform traffic
pattern of 600 packets for service class 4.
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Figure 5: PLR graph for buffered Slotted OPS in non-uniform traffic
pattern of 200 packets for service class 5.
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Figure 6: PLR graph for buffered Slotted OPS in non-uniform traffic
pattern of 600 packets for service class5.
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5 Results and Discussions

The algorithm is tested for slotted OPS in the non-uniform
traffic pattern for different data packets and different
service classes.

Fig. 2(a) shows a bar chart for packet arrival with
respect to ten time-slots for 3 service classes in non-
uniform traffic pattern. The total number of packets ar-
rived in all the time-slots and in all service classes is
200 and the same is shown in Fig. 2(a) and also in the
Table 1. In Class 0, the packet arrival rate is very less
in time-slots 5 and 9, less in time-slots 1, 2 ,4, 6 and 10,
high in time slots 3 and 8. In Class 1, the packet arrival
rate is very less in time-slots 2 and 9, less in time-slots
1, 3, 4, 5, 7 and 8, high in time-slots 6 and 10. In Class
2, the packet arrival rate is very less in time-slot 1, less
in time slots 2, 3, 4, 5, 6, 7 and 8, high in time-slot 10.
Hence the packet arrival is independent of time-slots as
well as service classes.

The assigned wavelengths for different service classes
are 16. If the free slots occur in one service class, it will
be utilized by other service classes. In time-slot 1, the
total number of packets arriving for 3 service classes
is 16 and wavelengths assigned are 16. The incoming
16 packets utilize the assigned 16 wavelengths and so
there is no packet loss. PLR for time-slot 1 is 0 and the
same is shown in the Fig. 2(b). In time-slot 2, packet
arrival is 17 and the assigned wavelengths are 16. Out
of the 17 incoming packets, 16 packets utilize the as-
signed 16 wavelengths and the remaining 1 packet is
dropped. There is a packet loss of 1. Thus PLR in time-
slot 2 is above 0. Similarly in time-slot 9, packet ar-
rival is 17 and the assigned wavelengths are 16. Out of
the 17 incoming packets, 16 packets utilize the assigned
16 wavelengths and the remaining 1 packet is dropped.
There is a packet loss of 1.In time-slot 10, packet arrival
is 29 and the assigned wavelengths are 16.Out of the
29 incoming packets, 16 packets utilize the assigned 16
wavelengths and the remaining 13 packets are dropped.

For the time-slots 2, 7 and 9 the total packet arrival
is same but the PLR differs because of the following
reasons:

• In each time-slot there are 3 service classes. Though
the total packet arrival with in a time-slot is same,
the packets arrive at different times for different
service classes.

• PLR is not uniform because of time of arrival of
packets at each node is random. Each time slot is
divided into hundred time periods and packets may
arrive at any time period during the hundred time
slots.

Inference of packet arrival in each of the three service
classes and total number of packets in each time-slot
for 200 packets in non-uniform traffic pattern has been
referred from Table 1.

Fig. 2(c) shows a graph between PLR and time-slot
for buffered optical switch with 200 packets. A buffer
of size 5 for each service class is used. Free slots for
one service class in a buffer cannot be used by another
service class. If the incoming packets are more than
the wavelengths assigned to all service classes, excess
packets occur and these are stored in the buffer. If the
excess packets are more than five, then those packets
cannot be stored in the buffer and will be dropped. PLR
is calculated using (6) for 3 service classes of non-uniform
OPS with buffer for all the ten time-slots and are plot-
ted in Fig. 2(c). Since the excess packets are stored in
the buffers, PLR is less. Though the buffers are used,
PLR cannot be predicted because the packets arrive ran-
domly. PLR is less in buffered OPS when compare to
PLR in buffer-less OPS. PLR for different time slots
in buffer-less slotted OPS in non-uniform traffic pattern
with 600 packets is also presented in Fig. 2(d).

In the same fashion the results are given for Service
classes 4 and 5. Figs. 33, 4, 5 and 6 are plotted for 200
packets and 600 packets for service class 4 and 5 re-
spectively. The explanation is similar to that of Fig. 2.
Fig. 7 shows the comparison between PLR occurring
in reservation bit algorithm and first-fit wavelength as-
signment algorithm. During service class 3, reserva-
tion bit technique has 15 buffers, each service class has
5 buffers, but in first-fit wavelength assignment algo-
rithm, each node has 5 buffers and the total number of
buffers is 20. Even though first-fit wavelength assign-
ment algorithm has 20 buffers, reservation bit technique
produces less PLR. At Service class 4, even though both
the techniques have 20 buffers reservation bit technique
produces less PLR. During service class 5, reservation
bit techniques have 25 buffers and produces less PLR
in comparison to first-fit wavelength assignment algo-
rithm and the same is depicted in Fig. 7. The delay rate
occurring in different traffic patterns is considered and
is shown in Fig. 8. For all service classes delay rate
is more or less the same for non-uniform and ON-OFF
traffic patterns, whereas the delay rate is slightly higher
in Poisson traffic pattern. The above statement is true
when ON periods are more in ON-OFF traffic pattern
and if the OFF periods are more the delay rate is less
in non-uniform traffic pattern. Thus delay rate is less in
non-uniform traffic pattern.



6 Conclusion

A novel Reservation Bit algorithm was implemented to
minimize PLR in non-uniform traffic slotted OPS by
employing buffers in the switch. Minimum PLR value
is achieved by using buffers in the non-uniform traf-
fic pattern. The improvement in QoS was achieved in
terms of reduction in packet loss and is due to reser-
vation of wavelengths for the packets. In non-uniform
traffic pattern, packet loss in slotted optical packet switch-
ing using buffers is very much reduced compared to the
buffer-less non-uniform traffic pattern. Analysis of the
delay rate for traffic patterns under consideration is car-
ried out and non-uniform traffic pattern results in im-
proved QoS.
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