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Abstract: The issues of providing QoS in
WDM OBS network are attracting increasing
attention in the networking community. One of the
key issues is to design efficient algorithms for burst
scheduling or more precisely their bandwidth
reservation. An ideal scheduling algorithm should
be able to process a control packet fast enough
before the burst arrives, and yet be able to find a
suitable void interval for the burst as long as there
exists one. Otherwise, a burst may be unnecessarily
discarded either because a reservation cannot be
completed before the burst arrives or simply
because the scheduling algorithm is not smart
enough to make the reservation. In this paper, we
propose an OBS network model using the per-hob-
behaviors with its three methods of forwarding of
the differentiated service to create the burst
packets and to implement the burst hierarchical
scheduling technique using Weighted Round-Robin
and Priority Queueing (WRR_PQ) in order for the
network model to support QoS in terms of lower
blocking probability, higher resource utilization
and lower burst loss rates.

I. INTRODUCTION

Optical burst switching [1-2] (OBS) has
been receiving attention as one of the most
promising technologies to carry the next-
generation optical Internet. OBS combines the
advantages of optical circuit switching and
optical packet switching, while overcoming their
shortcomings. OBS uses separate wavelength to
transmit Burst Header Packets (BHP) and Data
Bursts (DB). A BHP is sent out ahead of its
corresponding DB to reserve a wavelength along
the path of the burst. Based on a one-way
reservation protocol, OBS precedes a DB with a
BHP in a pre-defined offset time, without
waiting for an acknowledgement before

beginning of the data transmission as shown in
Figure 1.

Figure 1: OBS Operation

In OBS network, supporting differentiated
services in the WDM layer is an important issue.
Providing basic service differentiation at WDM
layer can facilitates and complement a QoS
enhanced version of IP. Among various QoS
parameters, burst-blocking probability is a
critical one for service differentiation in an OBS
network.

Quality-of-Service (QoS) is a broad term,
which has many interpretations. QoS can be
defined as the concept of applying and ensuring
specific, quantifiable performance levels on a
shared network. Performance can be assessed
based on physical measurements of the network,
the methods by which network traffic is
prioritized, and on how the network is managed.
Besides that, QoS provides end-to-end service
guarantees and policy-based control of an IP
network’s performance measures, such as
resource allocation, switching, routing, packet
scheduling and packet drop mechanisms.

The network’s capability to deliver service
needed by specific network applications with
some level of control over performance measures
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i.e. bandwidth, delay and jitter, and loss is
categorized into three service levels [3].

• Best-effort service – Basic connectivity with
no guarantee as to whether or when a packet
is delivered to the destination, although a
packet is usually dropped only when the
router input or output buffer queues are
exhausted.

• Differentiated service – In differentiated
service, traffic is grouped into classes based
on their service requirements. Each traffic
class is differentiated by the network and
serviced according to the configured QoS
mechanisms for the class. This scheme for
delivering QoS is often referred to as COS.

• Guaranteed service – A service that requires
network resource reservation to ensure that
the network meets a traffic flow’s specific
service requirements. It is also referred to as
hard QoS because it requires rigid
guarantees from the network.

Besides describing the levels of QoS, the
quality-of-service is also depicting by its
performance, dependability and security
properties [4]:

• Reliability of a service: This includes the
availability of a service, failure rate of a
service, repair rate i.e. the time it takes to get
the service operational again and etc.

• Security of a service: this could be explained
as the following examples such as the
possibility of authenticating where or from
whom the information have been sent, the
possibility of securing integrity of
information and the strength of its
cryptographic algorithms to keep
information hidden and etc.

• Performance of a service: the items that fall
into this category would be the throughput
of a service, loss rate and delay distribution
for information sent through a network.

Current IP only provides best effort service
to deliver variable length packets. The future
Internet may demand differentiated services for
multimedia applications. For the optical Internet
to be truly ever-present, one must address among
other important issues is the techniques or
methods the WDM layers can support
differentiated services. To date, no efficient
optical buffer is available. The use of electronic
buffers necessitates O/E/O conversions, which
must be avoided in all-optical network where

data is kept in the optical domain at all
intermediate nodes. This calls for new QoS
mechanisms, which do not require buffers at the
WDM layer in OBS networks. For that reason,
this paper will propose an OBS network model
using the per-hob-behaviors with its three
methods of forwarding of the differentiated
service to create the burst packets.

There are several critical issues affecting
optical burst switched network such as
contention resolution, channel and burst
scheduling, burst assembly, signaling and
quality-of-service (QoS) have been analyzed by
researchers in order to find the utmost
performance for a network that implement OBS.

In this paper, we will address one of the key
problem mentioned above and that is the burst
scheduling. The problem lies in designing the
efficient algorithms for scheduling bursts or
more precisely their bandwidth reservation. An
ideal scheduling algorithm should be able to
process a control packet fast enough before the
burst arrives, and yet be able to find a suitable
void interval for the burst as long as there exists
one. Otherwise, a burst may be unnecessarily
discarded either because a reservation cannot be
completed before the burst arrives or simply
because the scheduling algorithm is not smart
enough to make the reservation. Given the fact
that OBS uses one-way reservation protocols
such as JET, and that a burst cannot be buffered
at any intermediate node due to the lack of
optical RAM, burst loss performance is a major
concern in OBS networks. Hence, an efficient
scheduling algorithm that can reduce burst loss
by scheduling bursts both fast and in a
bandwidth efficient way is of paramount concern
in OBS network design.

The rest of the paper is organized as follows:
In section II, we will look into the Queueing &
Scheduling. In section III, we extend the
discussion by looking into the related works on
burst scheduling. In addition, section IV
explained the proposed model for the burst
hierarchical scheduling (WRR_PQ) and followed
by its scheduler operation and results in section
V. We finally conclude the paper in Section VI.

II. QUEUEING & SCHEDULING

Queueing controls the way packets are
passed on to the output queue. Generally, they
determine how packets are dropped when
congestion occurs in a router. On the other hand,
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scheduling mechanisms ensure that different type
of traffics obtain their share of resources such as
link bandwidth and ensure that any spare
capacity is distributed fairly. In other words it
can be said that scheduler is responsible in
reordering the output queue. Conventional
schedulers such as First In First Out (FIFO),
Priority Queueing (PQ), Fair Queueing (FQ) and
Weighted Round Robin (WRR) have their own
drawbacks [5]. Thus, hierarchical scheduling
technique is introduced in this work to address
these setbacks.

Edge scheduling can be viewed as the
problem of sending the created bursts into the
core such that the loss, delay and bandwidth
constraints of each class are met. Edge
scheduling is similar in some respects to
traditional packet scheduling in IP routers and
switches. In IP networks, packets are transported
in a store-and-forward manner, with packet being
sorted into prioritized buffers at each node,
waiting to be scheduled for transmission.

Similar to IP networks, in an OBS network,
the created burst will be sorted at the ingress
node according to output port. However, in IP
networks, each output port is normally
associated with a static point-to-point
transmission link. Hence, in the case of a
contention at the source, where the intended
output port is occupied by a transit burst of
Priority P, the edge scheduling policy has to take
into account the relative priorities of each new
burst versus P. To guarantee QoS of packet
classes, the mapping between burst priorities and
burst types is an important issue in OBS
networks.

The IP QoS literature is rich with packets
scheduling policies [6]. It may be possible to
adapt these policies for optical burst switched
(OBS) network. It is assumes that once the bursts
are created, they are placed in a prioritized burst
queue corresponding to the appropriate output
port.

III. RELATED WORKS ON BURST
SCHEDULING

To the best of our knowledge, there is no
existing work that investigates the hierarchical
scheduling in the optical burst switched network.
Instead, there are other mechanisms and
algorithm that have introduced to burst
scheduling.In [7], a minimum-starting-void
(Min-SV) algorithm with FDL and batching FDL

algorithm in use without FDL is proposed. For
the Min-SV algorithm, it schedules a burst in o
(logm) time, where m is the total number of void
intervals, as long as there is a suitable void
interval. Whereas in batch FDL algorithm, it
considers a batch of FDLs to find a suitable FDL
to delay a burst which would otherwise be
discarded due to contention, instead of
considering the FDLs one by one.

The authors in [8] propose the use of OBS
group scheduling in which a burst is represented
by an interval of time. The process of scheduling
a number of bursts, thus, turns to be a process of
fitting a set of the corresponding time intervals
on a channel time line that represents a channel-
time resource. Differentiated Scheduling (DS)
[9], is the method whereby dynamically
choosing the early differentiation time, each
OBS node can adjust the data burst loss rates for
different classes of bursts and satisfy
differentiated QoS requirement with the
available resources.

Partially preemptive scheduling technique
[10] is proposed to handle data bursts in parts
and may use preemption due to the priorities of
data burst in a multi-service OBS network
environment. On the other hand, a burst overlap
reduction algorithm (BORA) is being developed
in [11] to schedules locally assembled bursts in
such a way as to reduce burst contention at
downstream nodes in OBS network.

IV. Proposed Work on Hierarchical
Scheduling: WRR_PQ technique

Once the burst is created, it must be sent into
the OBS core. This work suggests that the
created bursts are sent using hierarchical
scheduling in DiffServ ingress edge router where
the design in based on the DiffServ network
model shown below in Figure 2 for the OBS
network.

Figure 2: Propose OBS Network Model
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A hierarchy of a rate based scheduler and
priority scheduler are proposed here. Rate based
scheduler are basically schedulers with weight
assigned to each service classes such as WRR
while PQ is an example of a priority scheduler.
WRR only schedules AF traffic that are not
sensitive to time compared to EF traffic while
BE is not included in WRR level because it is
considered the lowest priority traffic. WRR is
used in this work to schedule different classes of
AF traffic before it is being scheduled using PQ
with other EF and BE traffic. The propose
network model for the hierarchical burst
scheduling is shown in Figure 3.

Figure 3: Propose Burst Hierarchical
Scheduling Model

PQ is very useful for EF traffic where
priorities can be set so that the real time
applications get priority over applications that
are not time crucial. However, the main
disadvantage of this system is that if a higher
priority queue is always full, the lower priority
queues will never be served. Thus, a particular
kind of network traffic may dominate a PQ
interface and lower priority traffic may
experience excessive delay as it waits for higher
priority traffic to be served. If lower priority
queues are dropped due to the buffer overflow,
the combination of packet dropping latency will
be increased and packet retransmission by host
system can lead to resource starvation for lower
priority traffic.

In contrast, WRR controls the percentage of
bandwidth allocated to each service class. Thus,
bandwidth starvation could be avoided. WRR is
also efficient in providing mechanism to support
delivery of DiffServ classes to a reasonable
number of highly aggregated traffic flows. The
main limitation of WRR is that it gives the
correct percentage of bandwidth to each service
class only if all bursts in all queues are in equal

size or when the mean burst size in known in
advance. Due to the RR nature of the algorithm,
WRR tends to increase the queueing delay and
jitter for EF traffic. Therefore, it is envisaged
that WRR_PQ technique will improve the
limitations of both WRR and PQ schedulers in
egress edge router of DiffServ domain.

V. WRR_PQ SCHEDULER
OPERATION & RESULTS

When a new burst arrives, classify the burst
into class EF, AF3, AF2, AF1 and BE;
For burst classified as AF3, AF2 and AF1 apply
Weighted Round Robin (WRR) with the
following weights;

AF3 = 5
AF2 = 3
AF1 = 1

At the same time for burst classified with EF and
BE are scheduled together with AF burst from
the above WRR using Priority Queuing (PQ) as
follows:

EF = highest priority
AF = medium priority
BE = lowest priority

The simulation model of Figure 3 is
validated in terms of its behaviour compared to
queuing theory. In the validation process, the
proposed network model will serve
heterogeneous incoming traffic flows, which
follow Poisson distribution. As a result of that,
the suitable model for this network in queuing
theory is M/G/1 where M (memoryless) with
Poisson arrival process, intensity λ, G (general)
with general holding time distribution, mean S =
1/μ and 1 refers to a single server, load ρ = λS.

The most well known result for M/G/1 queue is
the Pollaczek-Khinchin (P-K) mean formula,
which gives the following mean waiting time in
the queue, W.

E [W] = E [Nq] x E [S] + E [R]

E [W] = Mean time needed to serve the
Customers ahead in the queue

E [Nq] = number of waiting customers
E [ S ] = mean service time
E [ R ] = unfinished work in the server
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The average waiting time in such a scenario is
given by (P-K) formula:

W = λ . X2

2 (1 - ρ )

Using Little’s formula, average number of traffic
in the system, N is derived as follows:

N = λT

The average number of traffic in a queue, Nq can
be determined as follows:

Nq = λ W

Thus, Nq for M/G/1 system is:

Nq = ρ2

2 (1 - ρ)

The following Figure 4 shows a graph for
the preliminary result tested on the propose OBS
network model taking into account the given
initial parameters.

Figure 4: Queueing Delay

Parameters:

Total Delay = Queueing Delay E[T] + TOFFSET

+ TP + TB

IItt iiss eexxppeecctteedd tthhaatt bbyy iimmpplleemmeennttiinngg tthheessee tthhrreeee
mmeecchhaanniissmmss,, tthhee QQooSS iinn tteerrmmss ooff::
••hhiigghh rreessoouurrccee uuttiilliizzaattiioonn,,
••llooww ddeellaayy aanndd jjiitttteerr ffoorr rreeaall--ttiimmee ttrraaffffiicc aanndd
••llooww bbuurrsstt lloossss rraattiioo ccaann bbee oobbttaaiinn..

VI. CONCLUSIONS

Optical Burst Switching (OBS) has been
proposed as a future high-speed switching
technology for all-optical networks that may be
able to efficiently utilize extremely high capacity
links without the need for data buffering or
optical-electronics conversions at intermediate
nodes. Packets arriving at an OBS ingress node
that are destined for the same egress OBS node
and belong to the same Quality-of-service (QoS)
class are aggregated and sent in bursts. At
intermediate nodes, the data within the optical
signal is transparently switched to the next node
according to forwarding information contained
within a control packet preceding the burst. At
the egress node, the burst is subsequently de-
aggregated and forwarded electronically. Unlike
classical circuit switching, contention between
bursts may cause loss within the network.

The main problem of OBS is that this loss is
quite high, even for moderate input loads. By
measuring, managing and reducing loss, the
novel techniques introduced in the earlier
chapters can overcome serious hurdles in optical
burst switching and ensures the feasibility of
OBS and eventual deployment.

With the implementation of the proposed
burst hierarchical scheduling (WRR_PQ), it is
expected that the network performances of the
OBS network model will be able to give better

Burst Size 10 packets

Packet Size 1500 bytes

Link Rate 150 Mbit/s

Buffer Unlimited

Traffic Poisson

Signaling JET
Routing MPLS
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QoS in terms of low burst loss ratio, low
blocking probability and high resource
utilization.

VII. REFERENCES

[1] T. Battestilli and H.Perros, “An Introduction to
Optical Burst Switching”, IEEE Optical
Communications, August 2003, pp. S10-S15,
2003.

[2] Y.Chen, C.Qiao and X.Yu, “ Optical Burst
Switching: A New Area in Optical Networking
Research ”, IEEE Network, May/June 2004, pp.
16-23, 2004.

[3] S. Vegesna, “IP Quality of Service”, Cisco
Systems, Cisco Press, 2001.

[4] S.Bjornstad and H.Overby, “Quality of Service
Differentiation in Optical Packet/Burst
Switching: A Performance and Reliability
Perspective”, ICTON 2005, pp. 85-90, 2005.

[5] C. Semerta, “Supporting Differentiated Services
Classes: Queue Scheduling Disciplines,” Juniper
Networks, 2001.

[6] P. Ferguson and G. Huston, “Quality-of-service:
delivering QoS on the Internet and in Corporate
Networks, John Wiley & Sons, Inc., 1998

[7] Jinhui Xu, Chunming Qiao, Li.J., Guang Xu,
“Efficient burst scheduling algorithms in optical
burst switched networks using geometric
techniques”, IEEE Journal on Selected Areas in
Communications, Vol.22, Issue 9, pp. 1796-1811,
November 2004

[8] Charcranoon, S., El-Bawab, T.S. Cankaya, H.C.,
Jong-Dug Shin, “Group scheduling for optical
burst switched (OBS) networks,” IEEE Global
Telecommunications Conference, 2003,
GLOBECOM`03, vol. 5, pp. 2745-2749

[9] Liu, D.Q. ; Liu, M.T., “Differentiated services
and scheduling scheme in optical burst-switched
WDM networks,” 10th IEEE International
Conference on Networks, 2002, pp. 23-27

[10] Cankaya, H.C., Charcranoon, S., El-Bawab, T.S.,
“A preemptive scheduling technique for OBS
networks with service differentiation,” IEEE
Global Telecommunications Conference,
GLOBECOM`03, vol.5, pp. 2704

[11] Xiang Yu, jikai Li, Xiaojun Cao, Yang Chen,
Chunming Qiao, “Traffic statistics and
performance evaluation in optical burst switched
networks,” Journal of Lightwave Technology,
vol.22, Issue 12, pp. 2722-2738, December 2004.

Third International Conference on Networking and Services(ICNS'07)
0-7695-2858-9/07 $20.00  © 2007

Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Downloaded on January 7, 2009 at 19:34 from IEEE Xplore.  Restrictions apply.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


