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Chapter 1:
Introduction
1. Evolution of optical Networks
The explosive growth of Internet traffic is driving the demand for high-speed transmission technology
that can support the ever-increasing bandwidth requirement, especially when multimedia services
have progressively become the major direction of application development in recent years.
Wavelength Division Multiplexing (WDM) technology [1], which has the capacity to transmit data at
speeds up to Terabit/s, constitutes one the most promising transmission technology to meet such
emerging requirements. In WDM networks, channels are created by dividing the bandwidth into a
number of wavelengths and frequency bands, each of which can be accessed by the end-user at peak
rates. In order to efficiently utilize this huge transmission capacity, one needs to develop an efficient
switching technology that is able to cope with WDM transmission capabilities.
Based on WDM, optical switching and transmission technologies have been increasingly deployed
over the last decade to satisfy the tremendous demand for bandwidth. WDM transmission technology
is efficiently established, while optical switching technologies continue to progress rapidly. The result
of such efforts has led to the creation of optical networks, where the optical signal undergoes opticalelectrical-optical (OEO) conversion at each intermediate node. Two tendencies have emerged for the
design and deployment of WDM networks. The first trend attempts increasing transparency in the
network in order to remove electronic bottlenecks and manage a large set of heterogeneous signals
regardless of protocol formats, modulation, and bit rates. The second trend looks at reconfigurability
of networks such that bandwidth can be assigned efficiently to end-users in order to accommodate
dynamically changing traffic demands. Both trends reflect the vision for future generation networks
where optical switching technologies play a fundamental role and bandwidth is promptly available to
end-users.
The migration of switching functions from electronics to optics is a critical issue. It is progressively
done through several phases. The first phase is in progress. It deploys wavelength routing (WR),
which offers circuit switching services at the granularity level of wavelengths [2, 3, 81]. Due to the
circuit nature, wavelength routed networks may be built with currently available optical switching
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technologies. While wavelength routing represents an important step towards transparent configurable
optical networking, optical circuits tend to be inefficient for traffics that have not been multiplexed. In
addition, circuit-switching models do not fit well with IP packet switching. The second step
undertakes the move toward optical burst switching (OBS) and attempts to minimize the header
management at the internal nodes [4, 5, 6, 7, 8, 9, 81, 84, 86]. OBS is generally considered as an
attractive technique for supporting improved switching granularity. Since the transmission unit is a
burst, OBS is more efficient than circuit switching when a transmitted data burst does not use a full
wavelength. In the longer term, optical packet switching (OPS) promises finer switching granularity,
providing bandwidth-efficiency, flexibility, and data management [10, 11, 12, 81, 84]. The
achievement of this third phase, however, faces major difficulties since OPS will necessitate the
development of a number of component/system technologies that are still in their experimental stage
[11, 12]. Sustained traffic
2. Optical Switching Techniques
The most important switching techniques that are considered for the deployment of all-optical WDM
networks are wavelength routing, optical packet switching and optical burst switching.
Wavelength routing technique follows the basic concepts of traditional circuit-switched networks [2,
3, 81]. In a Wavelength Routed network, an all-optical wavelength path, called lightpath, can be
established between edges of the network. A lightpath is created by dedicating a wavelength channel
on every link along the chosen path. After data transfer, the lightpath is released. A WR network is
composed of wavelength routers that provide wavelength routing according to the input port and
wavelength. In the absence of wavelength converters, a lightpath must occupy the same wavelength
on all the fiber links through which it passes. This property is known as the wavelength continuity
constraint. Given a set of connections, the problem of setting up lightpaths by routing and assigning a
wavelength to each connection is called the routing and wavelength assignment (RWA) problem [3,
85, 87]. The main objective of a RWA scheme is to set up lightpaths and assign wavelengths in a
manner which maximizes the number of connections that are established in the network at any time;
thus minimizing the amount of connection blocking [3, 13, 85].
The data transmitted in a WR network require no electronic/optical conversion, no buffering, and no
processing, at the intermediate nodes. This makes possible the implementation of wavelength routed
networks based on commercially available switching technologies such as optomechanical switches,
microelectromechanical system (MEMS) switches, electro-optic switches, and thermo-optic switches
[14, 15], which unfortunately are still relatively slow. Even as, WR technology constitutes a
significant phase towards all-optical networking, it suffers from low bandwidth utilization. In fact, on
any fiber link of a wavelength routed network, no wavelength sharing is allowed between two distinct
lightpaths. Moreover, wavelength-routed connections are fairly static and may not be able to
accommodate the highly variable and bursty nature of Internet traffic in an efficient manner.
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In order to overcome the abovementioned shortcomings of the wavelength routing, a technological
breakthrough called optical packet switching emerges [10, 11, 12, 22, 81, 84]. Data traffic is broken
into small packets. An optical packet consists of a data payload and a header. Packets are processed
and forwarded hop-by-hop until they reach their destination node. Network resources are dynamically
allocated with finer granularity and consequently more efficient bandwidth utilization can be ensured.
Because of store-and forward nature inherited from packet switching, optical packets are temporarily
buffered at each intermediate node during header processing. An optical packet-switched network
should be able to process and forward packets in the optical domain, which makes the network truly
transparent. However, as optical processing is still in the experimental stage, packet header must be
electronically processed. Moreover, due to the lack of optical memory, using fiber delay lines (FDLs)
[16, 17, 18, 22, 89] is currently the most feasible way to implement optical buffers. In an optical
packet-switched network, individual photonic switches are combined to form a network. Packets can
arrive at the input ports of a network node at different times. Therefore, in packet-switched networks,
bit-level synchronization and fast clock recovery are required for packet header recognition and packet
delineation.
Optical packet-switched networks can be classified into two categories: synchronous (slotted) and
asynchronous (unslotted) networks [9, 19, 20, 84]. In a slotted network, time is slotted, and packets
arrive at a core node in synchronized and equally spaced time slots. All packets in a synchronous
network have the same size, and the duration of a time slot is equal to the sum of the packet size and
the optical header length (plus appropriate guard bands). In an unslotted network, the packets may or
may not have the same size, and the packets arrive at a network node at non-synchronized instants.
Therefore, the packet-by-packet switch action could take place at any point in time. The impact of
contention is often more severe in an unslotted network because the behavior of the packets is more
unpredictable and less regulated. However, a slotted network requires synchronization at each switch
input, which increases the switch cost and complexity.
As it is presented above, optical packet switching technology constitutes a promising technique for
next generation WDM networks that support fast resource provisioning and that handle bursty traffic.
However, the deployment of such technology faces major difficulties due to the lack of optical
processing and the lack of efficient buffering in the optical domain. Widely speaking, the major
problems of optical packet switching include the difficulty of realizing optical packet synchronizer,
requirement of optical buffers, and relatively high control overhead resulting from small payloads [6,
21, 22].
In recent years, a novel approach referred to as optical burst switching (OBS), has been proposed [4,
5, 6, 7, 8, 9, 81, 84, 86]. The incentive of this new idea is to keep the advantages of the above
presented approaches while eliminating their shortcomings as possible. OBS technology provides
more efficient bandwidth utilization than wavelength routing technique. At the same time, optical
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burst-switched networks do not have as many technological constraints as all-optical packet-switched
networks.
In optical burst-switched networks, a data burst consisting of multiple IP packets is switched through
the network all-optically without buffering. Unlike a packet, a burst is a pure payload. Each burst is
associated with a control packet recording burst related control information such as burst length and
routing information. In this way, the control overhead is alleviated. A control packet is transmitted
ahead of the burst in order to establish a path, reserve the needed resources, and configure switches
along the burst’s route. After a predetermined offset time, the burst is sent optically without waiting
for an acknowledgement. The offset time allows for the control packet to be processed and the switch
to be set up before the burst arrives at the intermediate node; thus, no electronic or optical buffering is
necessary at the intermediate nodes while the control packet is being processed. Bandwidth
reservation is a one-way process. The control packet may also specify the duration of the burst in
order to let the node know when it may reconfigure its switch for the next arriving burst. Hence, the
OBS paradigm supports dynamic bandwidth allocation and statistical multiplexing of data, which may
ensure en efficient network resources utilization. Compared with wavelength routing, data traffic
starts transmission without waiting for an acknowledgement and the problem of significant signaling
delay may be eliminated. In addition, the separation between a control packet and its burst in both
time and wavelength domain can avoid buffering as well as synchronization problem in optical packet
switching [6, 22].
Based on the aforementioned discussions, we can visibly observe that optical burst switching has the
advantages of both optical circuit switching (and wavelength routed networks) and optical packet
switching, while avoiding their shortcomings. According to signaling schemes, there can be various
optical burst switching protocols. The most common signaling scheme for reserving resources in OBS
networks are Just-Enough-Time (JET), Just-In-Time (JIT), Tell-And-Go (TAG), and Tell-And-Wait
(TAW) [4, 6-9, 22, 81]. Because it provides more efficient bandwidth utilization compared to JIT and
TAW schemes, and a better QoS compared to TAG protocol, JET-based optical burst switching
scheme is widely viewed as the most promising approach for the deployment of optical burst switched
networks [9, 22].
In this dissertation, we focus on the optical burst switching technology, and we address some critical
issues that may affect OBS network performances, such as burst assembly, signaling, traffic admission
control, contention resolution, and QoS support.
3. OBS Technology: Major Issues
Optical burst switching technology is a promising approach for the next generation Internet backbone.
However, the deployment of such technology needs to address several critical issues affecting network
performances. Contention resolution, QoS support, burst assembly, traffic admission control,
performances monitoring, signaling and network resources dimensioning constitute the most critical
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issues in the development of OBS services. In the following, we give a brief presentation of the major
issues that must be considered in the development of optical burst-switched networks. For each
considered issue, we present an overview of the existing approaches.
• Contention resolution: One of the most important issues in optical burst switched networks is
contention resolution. Contention occurs when multiple data bursts are switched on the same
wavelength are destined to go out through the same output port at the same time. That is a
problem that generally occurs in packet switches. It is known as the external blocking. In
traditional packet switches, contention is commonly handled through buffering using electronic
random access memory (RAM); nevertheless, due to technological constraints, RAM-like memory
are not yet available in the optical domain. At present, using fiber delay lines is the most
practicable way to implement optical buffers. However, because they are severely limited in size,
current FDL buffer architectures provide limited buffering capacities. This makes optical burst
switching nodes unable to handle contention problems using FDL buffering. The problem is
particularly aggravated by the long burst durations and the variable burst sizes. Considering the
limits of the optical buffering technique, alternative contention resolution schemes such as
wavelength conversion, deflection routing, and burst segmentation have been introduced [9, 19,
22, 23, 84]. While these approaches reduce traffic loss, due to contention problems, the design of
an efficient contention resolution scheme in optical burst switched networks is still an open issue.
• QoS support: The emerging of multimedia applications with diverse QoS demands, such as
voice-over-IP, video-on-demand, and video conferencing, urges the next generation networks to
provide QoS guarantees. QoS support issue in OBS networks consists in the provision of
differentiated service to support the various QoS requirements. Two QoS models have been
considered: relative QoS, and absolute QoS [24, 25, 88]. In the relative QoS model, the
performance of each class is defined relatively in comparison to other classes. With this model, a
high-priority class is guaranteed to have a better QoS compared to a low-priority class. However,
no absolute QoS is ensured for the high-priority class. The absolute QoS model provides, for the
guaranteed traffic, an upper bound guarantee for any of the supported QoS metrics. This kind of
strict QoS guarantee is essential to support multimedia applications with delay and bandwidth
constraints. Efficient admission control and resource provisioning mechanisms are required to
provide an absolute QoS over an OBS network. A differentiated signaling approach [26] has been
proposed to provide a relative QoS differentiation in an optical burst switched network. This
approach may be capable of satisfying loss requirements, but is not capable of meeting delay
requirements. Prioritized contention resolution schemes have been also proposed to provide a
relative QoS differentiation [9, 27, 52]. Even though different schemes have been developed to
provide a QoS differentiation in optical burst switched networks, additional schemes may still be
necessary to provide a better QoS provision and achieve higher network utilization.
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• Burst assembly: Burst assembly is the procedure of aggregating and assembling input packets
from various sources into bursts at the ingress edge nodes of an OBS network. The trigger
condition for a burst creation is the main issue in an OBS network, as it permits the control of the
burst arrival into the network. The most frequent burst assembly techniques are timer-based and
threshold-based [28, 29, 86]. In timer-based approaches, a burst is created when a timer expires;
thus, bursts will be generated at periodic time intervals. In threshold-based approaches, a burst is
created when the burst length exceeds the fixed threshold. A threshold-based scheme will generate
fixed-length bursts at non-periodic time intervals. One problem in burst assembly is how to
choose the appropriate timer and threshold values to create a burst. The selection of such an
optimal threshold (or timer) value is an open issue. Other issues arise when packets arriving to an
ingress node are of different classes. The primary ones are which class of packets and how many
of packets of each class to put into a burst. Both single and composite burst assembly schemes
have been investigated in the literature [9, 27]. In [27], the authors affirm that the choice of a
single burst assembly scheme for all traffic classes may be inappropriate, and propose a composite
burst assembly mechanism, where packets of different classes may be assembled into a single
burst [27]. While different approaches have been investigated, other burst assembly schemes need
to be developed towards an optical burst switched network architecture suitable for QoS provision
and able to provide a more efficient utilization.
• Burst admission control: As it is mentioned above, the provision of an absolute QoS guarantee
over an OBS network requires the implementation of an efficient admission control scheme. The
burst admission control in optical burst switched networks aims at deciding whether to accept or
reject a new data burst based on a set of parameters like the burst length, the QoS constraints, and
the network resources availability. The development of an appropriate scheme for burst admission
control in an optical burst switched network may improve the provision of QoS as well as the
network resources efficiency. In fact, the rejection of a data burst because the available network
resources are insufficient to ensure the required QoS, may make these resources available for the
transmission of a less constraining data burst. This ensures that the network resources are usually
used for a successful transmission; hence, the provision of more efficient resources utilization.
Moreover, ensuring the required QoS for all accepted data bursts, an admission control scheme
may improve the reliability of network operator towards its customers and provide for the
effectiveness of network deployment. Few works have addressed burst admission control in
optical burst switched networks (e.g., [66]). In this work, authors develop a burst admission
control scheme based on the physical quality of the optical signal such as signal-to-noise ratio
(SNR) and bit error rate (BER). Using the proposed scheme, a data burst is accepted when the
considered signal parameters (SNR, BER) are satisfied. Even though, it constitutes an important
contribution in the development of OBS networks, the proposed scheme is limited to physical
parameters handling and does not consider network resources (i.e., wavelengths, FDL buffers)

20

availability and high level QoS parameters such as traffic loss, jitter, blocking delay, etc. Hence,
research activities need to be developed towards an efficient traffic admission control over an
optical burst switched network.
• Signaling: Signaling is one of the most important issues that may considerably affect the
performance of a network. For optical burst switched networks, signaling is even more critical due
to the separation between a data burst and the related control information. The transmission of a
pure payload data burst through an optical burst switched network requires the strict respect of
control information established during signaling step such as burst arrival time, burst length, burst
priority, etc. Due to contention problems, a strict respect of the original control information cannot
be maintained. Thus, signaling messages must be generated and sent to all remainder nodes on a
path each time an unexpected event (e.g., burst dropping, burst segmentation, wavelength
conversion, burst buffering, etc.) takes place. If downstream nodes are uninformed of a new
situation, then their activities will be based on false information. This may lead to false decisions,
particularly during contention, which may affect the performance of the network. Different
signaling schemes have been proposed for the deployment of the OBS technology. The most
prominent ones are Tell-and-Wait (TAW) and Just-Enough-Time (JET) [9]. Because it provides a
good tradeoff between the network utilization and the provided QoS, JET signaling protocol is
commonly considered as the most promising approach for the deployment of optical burst
switched networks. While it may provides better bandwidth utilization compared to other
schemes, the JET signaling protocol need to be extensively improved towards a JET-Like-based
optical burst switched network able to support emerging applications with different QoS
requirements while offering more efficient bandwidth utilization.
• Resources dimensioning and optimization: Resource dimensioning and optimization issue in
optical burst switched networks is how determine the optimal network configuration to support a
given input traffic with specified QoS constraints. The deployment of WDM networks introduces
an acute need to consider the dimensioning and optimization aspects. New optimization problems
arise in connection with these networks for two main reasons [28]. First, the cost of the optical
networking equipment is not still well controlled due mainly to the early stage of development of
the relevant technologies. Second, the development of the optical technology results to control
new functional constraints that must be taken into account during network design and
dimensioning. Different schemes have been proposed for WDM optical networks optimization.
The majority of these schemes consider the routing optimization problem in wavelength routed
optical networks [28, 29, 30]. A few works have addressed the dimensioning and optimization
aspects in optical burst switched networks (e.g., [31]). However, several issues have not been
considered in these works. Particularly, the use of wavelength conversion, burst segmentation,
QoS management, and transmission capacity optimization were little addressed.
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• Performances monitoring: One of the main issues in the deployment of OBS services is the
development of an efficient performance monitoring scheme. Optical performance monitoring
(OPM) issue in optical burst switched networks consists in how to detect and respond to network
behaviors or events that have a significant impact on the network performance. OPM can be
broken down into three layers [32]. The first layer is transport or WDM layer monitoring, which
considers transport and channel management at the physical layer. It particularly considers real
time measurements of signal presence, optical signal noise ratio, and power level. The second
layer is signal quality layer monitoring. It locks onto a single wavelength and performs signal
quality measurements. The third layer is protocol performance monitoring that involves
monitoring the performance of deployed network and traffic engineering protocols. It mainly
includes network resources utilization supervision, congestion control, and QoS monitoring.
Different schemes have been proposed for optical performance monitoring in WDM all-optical
networks [32, 33, 34, 35, 37]. The majority of these schemes consider WDM layer and signal
quality monitoring [32-36]. Few works have addressed protocol performance monitoring (e.g.,
[37]). These schemes are however limited to data link protocols through an electronic supervision
of the bit error rate parameter. Monitoring the performance of high layers traffic engineering
protocols (example: a contention resolution protocol, a QoS provision scheme) constitutes today
an open issue in the development of optical burst switched networks.
4. Thesis Contributions
Different schemes have been developed to address the major issues in the development of optical
burst switched networks. Five issues have been explored.
1. Contention Resolution and QoS Support: The first axis in this work is about the developing
a set of schemes needed for the development of an optical burst switched network architecture
suitable for contention resolution and QoS provisioning. First, we introduce a new approach
referred to as segments-priorities based contention resolution, to handle contention problems
and provide service differentiation over a JET-based optical burst switched network [43]. The
proposed approach is mainly based on the use of a new burst assembly and segmentation
mechanism that assembles packets in segments and then assembles segments in bursts. A
segment is a pure payload that is composed of a fixed number of packets of the same traffic
class. A priority level is associated to each data segment; it corresponds to the traffic class of
the packets that it contains. In case of contention a core node compares the priorities of
conflicting segments. The higher priority segment is switched to the appropriate output
channel, whereas the lower-priority segment is delayed, deflected or dropped according to the
implemented contention resolution system. The implementation of the proposed approach
requires the improvement of the adopted JET signaling protocol. We introduce a JET-like
signaling protocol that carries control information related to burst segments such as segment
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priority and segment length [43]. In order to alleviate the control overhead, we consider that
burst is composed of fixed-length segments that are assembled in a decreasing order of
priorities. Two segments-priorities based contention resolution schemes are investigated. First,
we consider a segments-priorities based dropping scheme to provide a QoS differentiation
over a bufferless JET-based OBS network [43]. Then, we study the implementation of the
proposed approach over an OBS network that provides optical buffering and wavelengths
conversion capabilities [40, 41]. The proposed schemes are evaluated through analysis and
simulation, and it is shown that segments-priorities based contention resolution provides a
service differentiation and enables full class isolation between different traffic classes. It is
also shown that the proposed segments-priorities based contention resolution approach may
provide better performance than a previously proposed bursts-priorities based segmentation
scheme.
In addition to the new segments-priorities based contention resolution approach, we introduce
a novel OBS node architecture, which when complemented by a proper dimensioning
technique of the network resources may enable better support to most services [40, 41]. The
proposed architecture helps the provision of differentiated and optimized services to IP
packets through the use of a new contention resolution scheme that that is based on the
implementation of the Segments-priorities contention resolution approach in conjunction with
wavelength conversion and FDL buffering techniques. In the case of contention, a core node
compares the priorities of the contending data segments. The higher-priority segment is
transmitted to the appropriate output channel, while the lower priority one is routed to another
available wavelength. If no wavelength is available, a FDL buffer is used. If all FDL buffers
are busy, the lower-priority traffic unit is dropped. Because of the pervasive usage of the
Internet Protocol (IP), we address the extension of the proposed OBS node architecture to an
optical node architecture suitable for optical packet and burst switching (OBS/OPS) [40, 41].
The design of the proposed OBS/OPS node architecture requires the extension of the OBS
node architecture and the associated protocols. Mainly, we develop a novel signaling scheme
referred to as ATM-like signaling protocol for packets-based traffic switching. Besides, we
adjust the contention resolution scheme for contending packets handling. Simulation and
analytic models have been developed to evaluate the performances of the proposed
architecture and study its features. Numerical results shows that a service differentiation is
guarantee, a significant low loss and delay is ensured for high-priority traffic, and acceptable
performances are provided to the low-priorities traffic classes.
Using the proposed Segments-priorities based contention resolution scheme, the considered
OBS network architecture may provide an optimized service differentiation. However, it is
limited to the provision of a relative QoS differentiation, which is insufficient to support
applications that require absolute QoS guarantees. A set of mechanisms have been proposed to
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provide an absolute traffic loss guarantee, but no mechanism has been proposed to handle
absolute transmission delay in OBS networks. We introduce a novel scheme to provide an
absolute transmission delay guarantee over the novel OBS network architecture [45, 83].
Thus, the support of emerging multimedia applications with delay and bandwidth constraints.
We particularly address the development of a novel traffic engineering protocol to make the
proposed OBS network is able to provide an absolute transmission delay guarantee while
considering requirements in terms of traffic loss. The proposed protocol is mainly based on
the use of a new contention resolution method, which is based on dynamic parameters of the
observed traffic instead of static priorities. This fortunately allows better QoS provision and
more efficient resource utilization. The provision of an absolute transmission delay guarantee
over the considered OBS network architecture has required the adjustment of the JET-like
signaling protocol to carry control information related to delay constraints of transmitted data
bursts. It has also required the development of a novel signaling scheme to control the
blocking delay of each data segment through the network. A simulation model is developed to
validate the proposed schemes and evaluate its performances. Simulation results illustrate that,
using the proposed protocol, an absolute transmission delay guarantee may be provided over
the considered OBS network architecture [45, 83].
2. OBS Network Modeling: The second issue explored in this thesis is the development of an
analytic model to help an efficient mathematical analysis of the proposed schemes. First, we
address the analysis of the novel OBS node architecture and consider the development of an
analytic model for the analysis of the introduced OBS/OPS node architecture based on a
queueing network system and a new conservation law [76, 41]. For simplicity reasons,
different assumptions are considered. The main assumption is that each OBS/OPS network
node is assumed to have a large buffering capability, insuring a permanent availability of the
needed storage capacity required by any contention resolution. Two performance metrics are
considered to analyze the performances of an OBS/OBS network node: the packets-loss mean
rate and the packet-blocking mean delay. The proposed model is validated through
simulations. A good agreement is shown between the analysis and the simulation results. This
validates the accuracy of the developed model. The proposed model is then extended at a
network level in order to provide a theoretical tool allowing a mathematical analysis of an
OBS/OPS network architecture [77].
In addition to OBS node architecture modeling, we address the analysis of the introduced OBS
network architecture when it implements the introduced dynamic parameters based traffic
engineering protocol [46, 70, 79, 82, 83]. Different assumptions have been considered. We
mainly consider that the buffering capacity of an OBS network node is limited to d segments,
which constitutes a more realistic assumption. Thus, in the case of contention, a segment may
be dropped when all FDL buffers are used. First, we consider the modeling of an OBS
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network node. A queueing network system is developed and analyzed using a new
conservation law to allow a mathematical analysis of the considered OBS node architecture.
The following parameters are analyzed to evaluate the performances of the considered
architecture: The traffic loss mean rate, the average blocking delay. We also analyze the
blocking probabilities due resources (FDLs buffers, wavelengths) unavailability. The
proposed model is then generalized at a path level. An analytic model is developed for the
analysis of an OBS network path. We show that, based on the queueing network systems
developped for node and path modeling, an analytic model can be easily developped for a
tehoritical investigation of the considered OBS network architecture [79, 83].
In addition to network performances analysis, the proposed analytic model will be of a great
interest for the development of a set of mechanisms needed towards an optimized OBS
network architecture able to provide an efficient resources utilization while offering QoS
guarantee. Based on this analytic model, we mainly consider the development of a network
resources dimensioning and optimization scheme [70, 82], as well as a QoS-oriented approach
for burst admission control [46, 79].
3. Network resources dimensioning and optimization: As it is mentionned above, the
deployment of OBS technology needs to address the dimensioning and resources optimization
issues that constitute an essential task in the development of OBS services. We propose a
QoS-oriented approach to address these issues [70, 82]. The considered approach consists in
the determination of the optimal network configuration based on the network capability to
support input traffics with various QoS requirements in terms of traffic loss and blocking
delay. We develop an optimization work for the novel OBS network architecture when it
implements the proposed dynamic parameters based contention resolution approach. Based on
the developed analytic model, we propose a mathematical formulation of the network resource
dimensioning and optimization problem. We mainly consider the optimization of the buffering
and transmission units, which constitute the key components of the considered OBS network
architecture. A simulation model is developed for an experimental resolution of the considered
network dimensioning and optimization problems. We show how we can determine the
minimum number of wavelengths per link and the needed buffering capacity to support
different traffic types with various QoS requirements, based on simulation results, [70]. Also,
we study the impact of some input system parameters (e.g., burst length) on the resource
dimensioning of the considered OBS network architecture [82]. Once this study is set up, it
can be easily extended on others network parameters such as bandwidth, throughput, network
nodes number, etc.
4. Traffic admission control: An efficient admission control scheme is required for better QoS
provision and optimized resources utilization in OBS networks. We intrduce a QoS-oriented
approach to address the call admission control issue in OBS networks [46, 79]. A data burst
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admission control is done based on the availability of the needed resources to ensure the
required QoS. Based on the developed analytic model, we propose a mathematical
formulation of the burst admission control in the novel OBS network architecture. We
develop a distributed QoS-constraints based burst admission control protocol for the
considered OBS network architecture. Implemented at each core node, the proposed protocol
is mainly based on the estimation, during signaling phase, of the QoS that may be provided
for each data burst. A data burst transmission request is accepted at a core node only when the
estimated QoS may support the burst QoS constraints in terms of traffic loss and transfer
delay. The implementation of the proposed protocol requires the development of a novel
signaling protocol that is based on the extension of the previously proposed JET-like signaling
protocol to carry new control information needed for burst admission control [46]. Also, we
investigate the impact of the proposed approach on the efficiency of network resource
utilization [79]. Finally, a simulation model is developed to validate the proposed schemes.
Numerical results illustrate the capacity of the proposed schemes in terms of QoS
improvement [46, 79].
5. Network performances monitoring: Optical performance monitoring constitutes one of the
major issues in the development of OBS networks. In fact, it allows the detection and the
reaction to network behaviors or events that can have a significant impact on the network
performance, such as service unavailability, QoS degradation, congestion, inefficient
resources utilization, etc. In this work, we particularly address the development of a
performance monitoring scheme for the novel OBS network architecture [69]. The proposed
scheme mainly considers congestion control and QoS monitoring through a real-time
measurement of the following parameters: network resources utilization ratios, traffic loss
men rate, and average blocking delay. It also considers signal power and BER monitoring for
channel availability and signal quality supervision [69]. We detail the different components of
the developed performance monitoring scheme. For each component, we mainly present the
parameters to supervise, the measures to get and problem detection (alarms trigger) to solve
along with the set of feedback actions to undertake. We particularly address the development
of feedback mechanisms relative to congestion control and QoS supervision. The
implementation of the considered scheme requires significant signaling exchange. We present
a detailed specification of the signaling scheme. Moreover, a performance evaluation study,
based on simulation experiments, has been realized in order to validate the proposed scheme
and analyze its performances. Two performance parameters are considered for performances
evaluation: the traffic loss mean rate, and the average blocking delay. Numerical results show
the capacity of the proposed scheme to improve the network performances in terms of the
provided QoS [69].
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5. Thesis Structure
This thesis is structured as follows:
Chapter 2 provides a survey of the current literature on the major issues faced by optical
burst switched networks, such as network architecture, burst assembly, signaling, contention
resolution, QoS support, traffic admission control, performances monitoring, resources
dimensioning and network optimization. First, we present the OBS technology and show that,
actually, it constitutes the most promising solution for the next generation optical Internet.
Then, for each considered issue, we present the well-known existing schemes and we discuss
their advantages and shortcomings. Finally, we describe the novel approaches developed to
overcome the limits of existing schemes.
Chapter 3 presents a Segments-priorities based contention resolution approach developed for
a QoS differentiation over a JET-based OBS network. The proposed approach is mainly based
on a new burst assembly technique and requires the adjustment of the JET signaling protocol.
First, we describe a bursts-priorities based segmentation approach proposed in the literature
for a relative QoS differentiation over an OBS network. Then, we discuss its efficiency in
terms of QoS provision. After that, we present the novel burst assembly and segmentation
mechanism and show how it performs burst segmentation in addition to packets aggregation.
Then, we present the JET-like signaling protocol and detail the novel burst header packet
structure. In the next, we present the introduced contention resolution approach and discuss its
implementation. Finally, a simulation model is developed to evaluate the performances of the
proposed schemes.
Chapter 4 Introduces a novel optical node architecture suitable for OBS switching and QoS
provisioning. First, we present a detailed description of the developed OBS node architecture
and we discuss its synchronization. Then, we present a novel contention resolution scheme
developed for contention handling and QoS provisioning. After that, we address the extension
of the OBS node architecture to an OBS/OPS node architecture suitable for optical packet and
burst switching. Finally, we present a simulation model developed to evaluate the proposed
architecture and study its features.
Chapter 5 develops a solution to provide an absolute transmission delay guarantee over the
OBS network architecture introduced in Chapter 4. The proposed solution is mainly based on
the use of a novel traffic engineering protocol that is based on dynamic parameters of the
observed traffic instead of static priorities. First, we present a detailed description of the
proposed traffic engineering protocol and we discuss its features in terms of signaling and
QoS capabilities. After that, we develop a performance evaluation study to validate the
proposed schemes.
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Chapter 6 develops a set of theoretical models to help an efficient mathematical analysis of
the proposed schemes. First, we address the analysis of the novel OBS node architecture and
we mainly consider the development of an analytic model for the analysis of the introduced
OBS/OPS node architecture based on a queueing network system and a new conservation law.
Then, we develop a simulation model to validate the proposed analytic model and discuss its
accuracy. In addition to OBS node architecture modeling, we address the analysis of the
introduced OBS network architecture when it implements the dynamic parameters based
traffic engineering protocol introduced in Chapter 5. We start by modeling an OBS network
node based on the development and the analysis of a queueing network system. After that, we
generalize the developed model to the path level for the analysis of an OBS network path.
Finally, we show that the developed model can be easily generalized to the network level.
Chapter 7 develops a QoS-oriented method to address the network resources dimensioning
and optimization issues in the implementation of OBS networks. We mainly develop an
optimization work for the novel OBS network architecture when it implements the dynamic
parameters based traffic engineering protocol introduced in Chapter 5. First, we present a
mathematical formulation of the network resources dimensioning and optimization problems
based on the analytic model presented in Chapter 6. Mainly, we consider the optimization of
the buffering and transmission units, which ensure the main functions of the considered OBS
network architecture. A simulation model is then developed for an experimental resolution of
the considered network dimensioning and optimization problems.
Chapter 8 introduces a novel QoS-oriented approach to address the CAC issue in the
implementation of OBS networks. Based on the considered approach, we develop a burst
admission control study for the novel OBS network architecture when it implements the
dynamic parameters based traffic engineering protocol (Chapter 5). First, we propose a
mathematical formulation of the CAC problem. Then, we develop a QoS-oriented burst
admission control protocol for a better QoS provision over the considerd OBS network
architecture. After that, we present a novel signaling scheme needed for the implementation of
the proposed burst admission control protocol. Finally, a simulation model is developed to
validate the proposed schemes and study its features.
Chapter 9 develops a performance monitoring scheme for better QoS provision and more
efficient resources utilization in the considered OBS network architecture. The proposed
scheme mainly considers congestion control and QoS monitoring. It also considers signal
power and quality monitoring for channel presence and signal quality supervision. First, we
present the proposed monitoring scheme through a detailed description of its different
components. For each component, we present: the parameters to supervise, the measures to
get, problem detection and set of actions to undertake in case of problem. Then, we discuss the
implementation of the proposed monitoring system. The implementation of the considered
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system requires significant signaling traffic exchange. We present a detailed specification of
the signaling task. Finally, a simulation model is developed to validate the proposed scheme
and study its features. We mainly address the evaluation of the capacity of the proposed
scheme in terms of network performances improvement.
Chapter 10 concludes the thesis and provides a set of perspectives, which have been opened
up by the achieved results.
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Chapter 2:
Optical Burst Switching Technology: An Overview

1. Introduction
Optical burst switching technology has been proposed as a new switching paradigm for WDM optical
networks and has emerged as a promising candidate for the optical transport layer of the next
generation optical Internet. Optical burst switching combines the advantages of optical circuit
switching and optical packet switching, while overcoming the weaknesses of the circuit switching and
the complexity of packet switching. OBS is a fast circuit switching technique that provides granularity
between wavelengths and packets but neither mandates the use of optical header processing nor
optical buffering. OBS technology is mainly characterized by a hybrid approach, in which control
information is signaled out of band and processed electronically while data stay in the optical domain
all the time. This makes possible the implementation of the OBS technology based on the current state
of the art optical device technology.
The aim of this chapter is to provide a survey of the current literature on the critical issues faced by
optical burst switched networks, such as network architecture, burst assembly, signaling, contention
resolution, QoS support, traffic admission control, performances monitoring, resources dimensioning
and network planning. We start by presenting the OBS network architecture. Then, we provide an
overview of the existing schemes that are developed to analyze the considered OBS issues.
2. OBS Network Architecture
In an OBS network, data bursts that consist of multiple packets are switched through the network alloptically. Each burst is preceded by a control message (or BHP: Burst Header Packet) to configure the
switches along the burst’s path. The burst follows the header without waiting for an acknowledgment
that resources have been reserved and switches have been configured along the path.
Figure 2.1 shows an OBS network. It is composed of optical burst switches interconnected via WDM
fiber links. An optical burst switch transfers a data burst coming on an input port to its destination via
an output port. The fiber links carry multiple wavelengths; each wavelength can be seen as a channel.
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Control traffic may be transmitted in-band over the same channel as data traffic or on a separate
control channel.
An OBS network is composed of edge nodes and core nodes. The source edge node (or ingress node)
assembles the electronic input packets into data bursts. Generated bursts are transmitted all-optically
over the OBS core, without any storage at intermediate nodes. Upon receiving the burst, the
destination edge node (or egress node) disassembles the bursts into packets and forwards the packets
to the destination client terminals. Basic architectures for core and edge nodes in an OBS network
have been studied in [8, 9, 14, 22, 38-41]. In the sequel of this section, we will describe the edge and
core OBS node architectures.

Input traffic
Ingress node
Egress node

Output traffic

: WDM link

: OBS edge node

: Lightpath

: OBS core node

Figure 2. 1: OBS network architecture

2.1. Edge node architecture
Edge nodes carry out electrical/optical/electrical conversion and burst assembly/disassembly. Figure
2.2 shows a typical architecture of an OBS edge node. An OBS edge node includes a routing module
(RM) and a burst assembler (BA) for each output wavelength channel, [9, 81]. The RM selects the
appropriate output channel for each input packet and sends it to the corresponding BA module. The
BA assembles bursts from the received packets. Each BA module is composed of a classifier, a
separate packet queue for each traffic class, and a scheduler. The scheduler generates the bursts based
on the adopted burst assembly technique and sends the bursts to their output ports. At the egress node,
a burst disassembly module disassembles the bursts into packets. Different burst assembly policies,
such as the threshold policy or the timer mechanism, can be used to aggregate bursty data packets into
optical bursts and to send the bursts into the network.
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Figure 2. 2: Architecture of an OBS edge node

2.2. Core node architecture
Figure 2.3 presents a typical architecture of an OBS core node [9, 81]. An OBS core node is mainly
composed of a switching unit (SU) and a switching control unit (SCU). The SCU creates and
maintains a forwarding table and is responsible for configuring the SU. When the SCU receives a
control packet (BHP: Burst Header Packet), it identifies the intended destination and consults the
router signaling process to find the appropriate output port [85, 87]. If the output port is available
when the data burst arrives, the SCU configures the SU to let the data burst pass through. If the port is
not available, the SU is configured depending on the contention resolution mechanism implemented in
the network. Typically, the SCU is responsible for signaling, BHP interpretation, contention detection,
and resolution, forwarding table lookup, wavelength conversion control, BHP rewriting, and SU
control. Nowadays, the lack of fast, scalable, and robust optical bit-level processing technologies
means that the SCU can only be implemented electronically.
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Figure 2. 3: Architecture of an OBS core node

Different architectures are possible for an OBS core node. Depending on the position of FDL buffers,
OBS core node architectures can be classified into three categories: input buffering, output buffering,
and shared buffering. In input buffering, a set of FDL buffers is dedicated for each input port. In
output buffering, a set of buffers is dedicated for each output port. In shared buffering, a unique
buffering unit is shared by all switch ports. Compared to input and output buffering architecture,
shared buffering architecture offers a good tradeoff between the provided offered QoS and the
network node complexity. In fact, it can be used to reduce the total number of FDL buffers in a
network node while achieving the desired level of traffic loss [9]. In [40, 41], the authors propose an
OBS core node architecture based on the use of shared FDL buffers, input tunable wavelength
converters, and output fixed wavelength converters. In chapter 4, we introduce a novel OBS core
node architecture suitable for contention resolution and QoS provisioning. The proposed architecture
[40, 41] is mainly based on the use of output full range wavelength converters [19] and a shared feedbackward buffering [14, 20] unit.
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3. Burst Assembly
Burst assembly is the procedure of aggregating and assembling input packets from various sources
into data bursts at the ingress edge nodes of the OBS network. The trigger condition for a burst
creation is a key factor in an OBS network, as it permits the control of the burst arrival into the OBS
core node. Different types of burst assembly techniques are developed in the literature. The most
frequent burst assembly techniques are timer-based and threshold-based [9, 42, 81, 86].
In the timer-based approaches, a timer starts at the beginning of each new assembly cycle. After a
fixed time T, all the packets that arrived during period T are assembled into a burst. A timer-based
scheme is used to provide uniform separation between successive bursts from the same ingress node.
In the threshold-based approaches, a limit is placed on the number of packets in each burst. A burst is
generated when a new packet arrives making the total number of current buffered packets exceeding
the threshold. Hence, a threshold-based scheme will generate fixed-length bursts at non-periodic time
intervals. At a given constant rate, both timer and threshold approaches are similar. In fact, in that
case, a threshold value can be mapped to a timeout value and vice versa, resulting in bursts of similar
length for each case.
In the case where input packets have QoS restrictions, such as delay constraints, the obvious solution
is to implement a timer-based scheme using an appropriate timeout value. On the other hand, if there
is no delay constraint, a threshold-based scheme may be more appropriate, since having fixed-sized
bursts in the network may reduce burst contentions and improves the network performances [27, 86].
The main issue in burst assembly is how to choose the appropriate timer and threshold values for
creating a burst to improve the provided QoS while offering efficient network resources utilization.
The selection of such an optimal timer (or threshold) value is still an open issue. If the timer is too
large, the packet delay at the edge might be unacceptable. If it is very short, too many small bursts will
be created resulting in a higher control overhead, and so an inefficient network utilization. While
timer-based techniques may lead to undesirable burst lengths, threshold-based assembly schemes do
not grant any guarantee on the assembly delay that packets will experience. To address the deficiency
connected to each type of the aforementioned assembly approaches, mixed assembly schemes have
been proposed in [42], where a burst is sent out when either the timer expires or the burst length
exceeds the fixed threshold.
A few works have considered the selection of an optimal timer or an optimum burst length. In [9], the
author presents some results indicating the presence of an optimal burst length for a given network
load.
Others issues arise when packets arriving to an ingress node are of different classes. One particular
issue considers the way of organizing packets with different priorities in a burst. Both single and
composite burst assembly schemes have been investigated in the literature [9, 27]. The choice of a
single class burst assembly mechanism for all classes of traffic may be inappropriate. In fact, a timer-
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based scheme with a high timer value may lead to unacceptable delays for traffic classes with delay
constraints. Also, using a threshold-based single class burst assembly scheme with a non-optimal
threshold value may lead to higher loss for packets than the loss constraints. To overcome this, a
composite burst assembly mechanism was proposed in [9, 27], where packets of different classes can
be assembled into a single burst. It has been confirmed that the proposed scheme can provide different
levels of service for packets of different classes within the same burst, if suitable contention resolution
mechanisms are implemented within the optical core. In the proposed scheme, burst types are
classified based on packet QoS requirements. Each burst type is then assembled using an appropriate
assembly mechanism to ensure QoS requirements. In chapter 3, we investigate a new timer-based
composite burst assembly and segmentation scheme that assembles packets into data segments and
then assembles segments into burst [43]. A segment is a pure payload that is composed of a fixed
number of packets of the same traffic class. A priority level is associated to each data segment; it
corresponds to the traffic class of packets that it contains. The proposed scheme is evaluated through
simulation, and it is shown that, coupled with a segments-priorities based contention resolution
mechanism, the proposed schemes provide a better QoS differentiation over an OBS network [43].
The burst assembly approach adopted at the edge node has a great impact on the implemented
signaling protocol. Indeed, several signaling protocols, such as JET and TAG schemes, need to know
the burst length and the arrival time of the burst in order to efficiently reserve resources in the core.
One of the main shortcomings of the conventional timer-based or the threshold-based burst assembly
techniques is that the signaling for resources can only be initiated after the entire burst is assembled.
In [44], the authors proposed a prediction-based assembly technique, in which the length (or the
arrival time) of the next burst are predicted in advance based on the incoming traffic rate. Using the
predicted burst length (or arrival time), the BHP is generated and sent to the core network to reserve
the needed resources in the OBS core, before the concrete creation of the associated data burst. The
main advantage of the prediction-based assembly is that assembly and signaling can be done at the
same time; hence, saving the assembly delay and allowing more efficient network resources
utilization. The authors proposed a linear prediction method to predict the next burst length based on
traffic correlations.
4. Signaling
Signaling and reservation are important criteria upon which OBS can be differentiated from other
optical switching technologies. As it is shown in Figure 2.4, OBS adopts a signaling approach where
the burst header packet is sent ahead of the associated data burst using an offset time in order to
allocate resources and configure optical switches at each intermediate node [9]. Mainly, OBS
networks consider an out-of-band signaling approach where the burst header is transmitted on a
dedicated wavelength.
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In the following subsection, we look at different design parameters that affect the performance of an
OBS signaling technique and also describe the most important signaling protocols proposed for the
implementation of an OBS network.
4.1. Connection setup
The connection setup, over an OBS network, can be either one-way (e.g., tell and go) or two-way
(e.g., tell and wait) [9, 81]. In a one-way connection setup (figure 2.5 (a)), the source sends out a
control packet requesting the intermediate nodes to allocate the necessary resources for the burst. No
control message is sent back to inform the source about the success or failure of the resource
reservation. The main objective of the one-way based signaling techniques is to reduce the end-to-end
data transmission delay. However, this may lead to high data loss due to switching conflicts at the
intermediate nodes. Two-way based signaling schemes (figure 2.5(b)) are acknowledgment-based,
where a data burst is transmitted only after a connection is established successfully. Depending on the
availability of the requested resources, a burst transmission request may be accepted or blocked. In
case of acceptance, an acknowledgement message confirming a successful assignment of the
requested resources is sent back from destination to source. If any of the intermediate nodes in the
path is busy, then the request is blocked. That particular intermediate node takes suitable actions to
release all the previously reserved links, and transmits a failure message back to the source. The main
objective of the two-way signaling approach is to minimize packet loss; however, it may lead to high
data transfer delay due mainly to the round-trip delay during connection establishment.
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Figure 2. 5: OBS signaling: Connection setup

4.2. Resources Reservation/Release
Based on the adopted resources reservation mechanism, OBS signaling techniques can be classified as
immediate reservation or delayed reservation [9, 81]. With the immediate reservation approach, the
channel is reserved immediately from the instant where the burst header packet is processed. In the
delayed reservation, the required bandwidth is reserved from the time of the burst arrival at the node.
In this case, the BHP must carry the offset time between itself and its corresponding data burst. In
general, immediate reservation is simple and practical to implement, but it incurs higher blocking due
to inefficient bandwidth allocation. On the other hand, the implementation of delayed reservation is
more complex, but it leads to higher resources utilization and lower blocking probability [9, 81].
A reserved resource can be released in two ways, either implicitly or explicitly [9, 81]. In an explicit
release technique, an intermediate node releases the resources allocated to a burst upon receipt of an
explicit release message. With implicit release, the control packet has to carry additional control
information, such as the burst length. This permits an intermediate node to know when to release its
resources. Obviously, an implicit release technique leads to better resource utilization. Based on the
reservation and release mechanisms, the signaling techniques can be classified into four categories
(Figure 2.6): a) Immediate Reservation/Explicit Release, b) Immediate Reservation/Implicit Release,
c) Delayed Reservation Explicit Release, and d) Delayed Reservation/Implicit Release. We can easily

38

observe that techniques employing delayed reservation and implicit release result in higher bandwidth
utilization, and a lower bursts blocking.
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Figure 2. 6: OBS Signaling: Resources Reservation/Release

4.3. OBS signaling protocols
Different signaling protocols have been proposed for the implementation of the OBS technology. The
most important protocols are: Just-Enough-Time (JET), Just-In-Time (JIT), Tell-And-Go (TAG), and
Tell-And-Wait (TAW) [4, 6-9, 22, 81].
Just-Enough-Time (JET): Figure 2.7 (a) illustrates the work of JET signaling protocol [9, 81]. As
shown in the figure, a source node first sends a burst header packet to the destination node. The BHP
is processed at each intermediate node. If the reservation is successful, the switch will be configured
prior to the burst’s arrival. Meanwhile, the burst waits at the source in the electronic domain. After a
predetermined offset time, the burst is sent optically through the established data path. The offset time
is calculated based on the number of hops from source to destination and the switching time of a core
OBS node. Offset time (OT) is calculated as OT= h.δ+ST, where h is the number of hops between the
source and the destination, δ is the burst header processing time at a given node, and ST is the switch
reconfiguration time [4]. If at any intermediate node, the reservation is unsuccessful, the burst will be
dropped.
The implementation of JET requires maintaining information related to the starting and finishing times
of all scheduled bursts on each channel of each output port of every switch. This makes the system
relatively complex. On the other hand, JET is able to detect situations where no transmission conflict
occurs, although the start time of a new burst may be earlier than the finishing time of an already
accepted burst, i.e. a burst can be transmitted in between two already reserved bursts. Thus, bursts can
be accepted with a higher probability in JET.
Just-In-Time (JIT): JIT [81] is similar to JET except that JIT employs immediate reservation and
explicit release instead of delayed reservation and implicit release. Based on an immediate reservation
approach, the JIT signaling protocol is simpler to implement, but it is less efficient in terms of network
resources’ utilization.
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Tell-And-Go (TAG): Another one-way OBS signaling protocol is the Tell-And-Go (TAG) [9, 81]. In
the TAG approach, the data burst must be delayed at each intermediate OBS node in order to allow
time for the burst header to be processed and for the switch to be configured. This requires the use of
FDL buffers at each OBS node to delay data bursts, which may increase the complexity as well as the
cost of a switching node.
Tell-And-Wait (TAW): TAW [9, 81] is a two-way based signaling protocol proposed to provide a
connection setup over an OBS network. In TAW (Figure 2.7 (b)), a burst transmission request (i.e.,
BHP) is sent along the burst’s route to collect channel availability information at every node along the
path. At the destination, a channel assignment algorithm is executed, and the reservation period on
each link is determined based on the earliest available channel times of all intermediate nodes. An
acknowledgment message is sent in the reverse direction. It reserves the channel for the requested
duration at each intermediate node. At any node along the path, if the required channel is already
occupied, a release message is sent to the destination to release the previously reserved resources. If
the confirm packet reaches the source successfully, the burst is sent into the core network.

A

B

Control
packet

A
Setup

B

Control
packet
δ

phase

Setup phase
Confirm
phase

Time

Transmissio

Burst

Time

Burst

δ

δ
ST

n phase

Transmission and
release phase

Release
phase

: Processing time of control packet
: Processing time of control packet

(a): JET signaling

(b): TAW signaling

Figure 2. 7: OBS Signaling Protocols

TAW-based optical burst switched networks are different from wavelength routed WDM networks in
the sense that in TAW-based OBS networks, resources are reserved at any node only for the duration
of the burst. Also, if the duration of the burst is known during reservation, then an implicit release
scheme can be followed to maximize bandwidth utilization.
Except TAW, all discussed signaling protocols are one-way. The JET signaling protocol constitutes
the most appropriate one-way signaling technique for the implementation of the OBS technology. In
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fact, compared to JET scheme, TAG protocol requires the use of FDL buffers at each OBS node,
which is currently difficult to implement due to technological constraints (lack of optical memory).
Based on an explicit release, the JIT signaling protocol is less efficient in terms of network resources’
utilization compared to the JET protocol. If we compare TAW and JET, JET signaling protocol
provides lower end-to-end delay and more efficient bandwidth utilization. Therefore, JET-based
optical burst switching scheme constitutes the most promising approach for the deployment of optical
burst switched networks today. Different approaches have been investigated to improve the
performances of the JET signaling protocol. In [26], a prioritized JET (PJET) protocol has been
proposed to provide a relative QoS differentiation over a bufferless OBS network. In chapter 3, we
introduce a novel JET-like signaling protocol needed for the implementation of a new segmentspriorities based contention resolution scheme [43]. The development of a novel absolute transmission
delay protocol [45, 83] and a burst admission control scheme [46] has required the development of
new signaling protocols based on an extension of the considered JET-like signaling protocol.
5. Contention resolution
Using one-way reservation protocols, an ingress node sends out bursts without having reservation
acknowledgements or benefit from global coordination. Thus, it is possible that bursts contend with
one another at the intermediate nodes. Contention occurs if multiple data bursts from different input
ports are destined for the same wavelength at the same output port at the same time. Mainly, three
techniques have been investigated to address contention problems in optical burst switched networks:
optical buffering, wavelength conversion, and deflection routing. A combination of contention
resolution techniques may be used to provide high throughput, low delay, and low packet loss
probability [9, 41, 57, 81].
5.1. Optical Buffering
In electronic packet-switched networks, contention is typically handled using random-access memory
(RAM) buffers; however, due to technological constraints, optical RAM-like buffering is not yet
available today. In optical networks, Fiber Delay Lines (FDLs) can be utilized to delay packets for a
fixed amount of time [16, 17, 18, 22, 47]. Using multiple delay lines implemented in stages or in
parallel, an optical buffer that can hold a burst for a variable amount of time can be created. Also,
different approaches have been investigated in the literature towards larger FDL buffers without the
need of a large number of delay lines [47, 48]. In [47], the authors claim that the buffer size is
increased by cascading multiple stages of delay lines. In any optical buffer architecture, the size of the
buffers is severely limited, not only by signal quality concerns, but also by physical space limitations.
In fact, delaying a data burst for 1 ms needs over 200 km of fiber [9]. This makes an FDL buffer
unable to effectively handle bursty traffic or high load conditions. To overcome the size limitation
problem, wavelength controlled fiber loop buffers [49] and wavelength routing based photonic packet
buffers [50] have been investigated in the literature.
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Optical buffers are either single-stage or multistage [9, 19, 22, 81]. A single-stage buffer is composed
of one block of delay lines, whereas, a multistage buffer has several blocks of delay lines, where each
block contains a set of parallel delay lines. Optical buffers can be also classified into feed-forward,
feed-backward, and hybrid architectures [16, 51, 89]. In a feed-forward architecture, each delay line
connects an output port of a switching element at a given stage to an input port of another switching
element in the next stage. In a feed-backward architecture, each delay line connects an output port of a
switching element at a given stage to an input port of a switching element in the same stage or a
previous stage. In hybrid architecture, feed-forward and feedback buffers are combined in the same
optical buffer. According to the position of the FDL buffers in the switch, optical burst switches can
be classified into three categories: input buffering, output buffering, and shared buffering [9, 22, 19].
In input buffering, a set of FDL buffers is dedicated to each input port. In output buffering, a set of
buffers is dedicated to each output port. In shared buffering, a unique buffering unit is shared by all
switch ports. Compared to input and output buffering architecture, the shared buffering architecture
offers a good tradeoff between the provided offered QoS and the network node complexity. It fact, it
can be used to reduce the total number of FDL buffers in a network node while achieving a desired
level of traffic loss [9]. In the optical domain, shared buffering can be implemented with one-stage
feedback recirculation buffering [10, 16, 52, 89] or multistage feed-forward shared buffering [17, 18,
47, 89].
5.2. Wavelength Conversion
Based on the WDM technology, several wavelengths run on a fiber link that connects two OBS nodes.
The wavelengths can be operated to minimize contentions. Let us consider that two bursts are
destined, at the same time, to the same output port. Both bursts can still be transmitted, but on two
different wavelengths. Wavelength conversion is the process of converting the wavelength of an
incoming burst to another wavelength at the outgoing port, thus minimizing burst contentions. This
method constitutes a promising approach in minimizing burst contentions, especially since the number
of wavelengths that can be coupled together onto a single fiber continues to increase. For instance, it is
expected there will be as many as 320 wavelengths per fiber in the near future [9]. Wavelength
conversion approach is performed in the optical domain using wavelength converters. A wavelength
converter is an all-optical component that converts an incoming signal’s wavelength to a different
outgoing wavelength, thus increasing wavelength reuse; i.e., the same wavelength may be spatially
reused to carry different connections in different fiber links. In [53], the authors affirm that
wavelength conversion offers a 10%-40% increase in wavelength reuse when wavelength availability
is small. In order to provide better performances, wavelength conversion approach requires the use of
additional capacity in the form of multiple wavelengths per link [5, 26]. A contending burst may be
switched to any of the available wavelengths on the outgoing link.
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Wavelength conversion can be full, limited, fixed, or spare [9, 81, 84, 57]. In full wavelength
conversion, any incoming wavelength can be shifted to any outgoing wavelength; thus there is no
wavelength continuity constraint on the end-to-end connection requests. In limited wavelength
conversion, wavelength switching is restricted in the sense that an incoming signal’s wavelength
cannot be converted to any available outgoing wavelength. The restricting on the wavelength
conversion will reduce the cost of the switch at the expense of increased blocking. Fixed wavelength
conversion constitutes a restricted form of limited conversion, where each input signal’s wavelength
may be converted to one or more pre-determined output wavelengths. Finally, in sparse wavelength
conversion, a WDM network may be composed of a collection of nodes with different wavelength
conversion capabilities.
Different approaches have been investigated in the literature, towards a more efficient utilization of
wavelength converters [3, 54, 55, 84]. Finally, let us note that, even as all-optical wavelength
conversion has been demonstrated in laboratories, the technology is not yet mature, and the range of
possible conversions are somewhat limited [56].
5.3. Deflection Routing
Using deflection routing scheme, a contending burst is routed to an output port other than the intended
one, and consequently on a different route towards its destination. This can minimize burst
contentions [9, 22, 23]. Nevertheless, the deflected bursts may follow a longer path towards its
destination, and packets may also arrive at the destination out-of-order. Even as, deflection routing is
often not preferred in traditional packet-switched networks due to possible looping and out-ofsequence packets delivery, it may be significant to implement deflection in all-optical burst-switched
networks, where buffer capacity is very limited, in order to ensure an acceptable level of traffic loss.
However, the deployment of deflection routing approach over an all-optical burst-switched networks
needs to address a comprehensive study in order to identify potential methods for overcoming some of
the limitations of deflection such as end-to-end delay, burst looping, etc.
In deflection routing [9, 22, 81], a deflected burst typically takes a longer route to its destination,
leading to increased delay and a degradation of the signal quality. Furthermore, it is possible that the
burst may loop indefinitely within the network, adding to congestion. Mechanisms must be
implemented to prevent excessive path lengths. Such mechanisms may include a maximum-hop
counter or a constrained set of deflection alternatives [58, 59]. In JET-based optical burst-switched
networks, another concern should be addressed when implementing deflection; it is the offset time. As
the burst traverses each hop, the offset between the burst and its header decreases; thus, it is possible
that, if the burst traverses a large number of hops, the burst may overtake the header. Approaches for
ensuring the sufficient separation of the header and data at each node include setting a higher initial
offset value at the source node and using FDLs at each intermediate node to delay the burst.
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At the same time as deflection routing has been investigated for electronic and optical packet switched
networks [59, 60, 61], few research activities have considered the implementation of deflection
routing approaches over optical burst-switched networks [9, 22, 81].
While the above presented schemes appear to be sufficient to address contention problems in optical
burst switched networks, the design of an adequate scheme allowing a better support of QoS
constraints and offering more efficient resources utilization in optical burst switched networks is still
an open issue. In order to further reduce packet loss due to contention, another approach called burst
segmentation, has been also proposed [9, 62]. It aims at dropping only those segments that overlap
with other bursts. A bursts-priorities based segmentation scheme has been also investigated to provide
a service differentiation over an OBS network [9, 27]. In chapter 3, we will introduce a novel QoSoriented contention resolution approach referred to as segments-priorities based contention resolution.
The proposed approach has been investigated over two different OBS network configurations: a
bufferless OBS network architecture [43], an OBS network architecture allowing optical buffering and
wavelength conversion capabilities [40, 41]. In chapter 6, we will investigate another contention
resolution scheme that is based on dynamic parameters of the observed traffic instead of static
priorities [45, 83]. The developed scheme mainly considers the provision of an absolute transmission
delay while optimizing network resources utilization.
6. QoS Support
The emerging of multimedia applications with diverse QoS demands, such as voice-over-IP, video-ondemand, and video conferencing, urges the next generation networks to provide QoS guarantees. The
QoS support issue in OBS networks addresses how to provide differentiated service in order to
support the various QoS requirements of different applications. Different schemes have been proposed
for offering QoS differentiation in OBS networks and providing loss and/or delay differentiation.
Three QoS models have been considered: relative QoS, proportional QoS, and absolute QoS [24, 25,
88]. In the following, we first present the considered models, and then we investigate the main QoS
schemes in the OBS literature.
6.1. QoS models
Three models for QoS can be used: relative QoS, proportional QoS, and absolute QoS [24, 25]. In the
relative QoS model, the performance of each class is defined relatively in comparison to other classes.
For example, a high-priority class is guaranteed to experience lower loss probability than a lowpriority class. However, the loss probability of the high-priority class depends on the traffic load of the
low-priority class; hence, no upper bound on the loss probability is guaranteed for the high-priority
class. In the proportional differentiation model, the service differentiation of a particular QoS metric is
quantitatively adjusted to be proportional to the factors that a network service provider sets. If pi is a
QoS metric and si is the differentiation factor for Class i, using the proportional differentiation model,
we should have pi/pj=si/sj, for all traffic classes (i, j). The achievement of these models requires that
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each core node maintains traffic statistics. The absolute QoS model provides, for the guaranteed
traffic, an upper bound guarantee for any of the supported QoS metrics. This kind of strict QoS
guarantee is essential to support applications with delay and bandwidth constraints, such as video
conferencing, and voice-over-IP applications. Efficient admission control and resource provisioning
mechanisms are required for the realization of the absolute QoS model over an OBS network.
In addition to the above presented classification, QoS models can be also classified based on the
isolation degree between the different traffic classes [9]. In an isolated QoS model, the performance of
a given traffic class is independent of a lower-priority traffic class. Whereas, in a non-isolated model,
a low-priority traffic class may influence the performance of a higher-priority traffic. Different
techniques can be used to ensure a given degree of isolation between traffic classes. In [26, 63], a
prioritized JET scheme was proposed for isolating classes of bursts, such that high-priority bursts
experience less contention and loss than low-priority bursts.
6.2. Relative QoS differentiation
Several schemes have been proposed to provide a relative QoS differentiation over an optical burst
switched network. In [26, 63], an extra-offset-based scheme that provides relative loss differentiation
was proposed. Using this scheme, higher priority class bursts are given a larger offset time than the
lower priority class bursts. By providing a larger offset time, the probability of reserving the resources
for the higher priority class bursts is increased, and consequently the loss probability experienced by
higher priority class bursts is reduced. The considered scheme ensures an isolation level between
traffic classes.
Even though, it may provide a relative service differentiation over a bufferless OBS network, the
considered extra-offset-time based scheme suffers from a set of shortcomings [24]. The main
shortcoming of this approach is that high-priority bursts will experience higher delays; thus, the
approach may be capable of satisfying loss requirements, but is not capable of meeting delay
requirements. Also, it has been shown that the offset-time based scheme tends to select the small
bursts for low priority service classes. In [24], the authors refers this problem as the burst selection
problem, and claim that, as the traffic intensity increases, the selection becomes stricter, which leads
to less throughput of an OBS node. In addition, the considered approach provides an irregular QoS
differentiation, which may cause some difficulties to network management and pricing. While we can
vary the extra offset time’s difference to change the isolation level between traffic classes, a
quantitative solution is not provided in this approach [24].
Contention resolution schemes may be used to provide relative QoS differentiation in an OBS
network. Different prioritized contention resolution schemes have been developed in OBS literature.
In [9, 27], the authors propose a prioritized burst segmentation scheme that assigns a priority level to
each data burst and allows high-priority bursts to preempt low-priority bursts while, providing a full
isolation between bursts of different priorities. The considered scheme has been investigated
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considering different burst assembly approaches: single class burst assembly scheme, a new composite
burst assembly approach [27]. Using bursts-priorities based segmentation scheme, an efficient QoS
differentiation may be provided over an OBS network with single class bursts. Nevertheless, the
implementation of the considered contention resolution scheme with the proposed composite class
burst assembly approach, may lead to QoS problems, especially when the number of burst priorities
supported in the core is less than the number of input packets classes. In fact, using the considered
schemes, high-priority packets may be dropped due to low-priority packets. In chapter 3, we introduce
a Segments-priorities based contention resolution approach allowing a more efficient relative QoS
differentiation over an OBS network [43].
A relative QoS differentiation can be also provided based on the assembling scheme. For example, by
using a timer-based single burst assembly mechanism with a specific timeout for each traffic class, we
can provide a relative packet delay differentiation [43].
In [87], authors develop a set of routing management strategies for the provision of a relative QoS
differentiation in optical networks.
6.3. Proportional QoS over OBS network
Different schemes have been proposed to provide proportional QoS differentiation over an optical
burst switched network. In [24], an intentional burst dropping scheme has been introduced to provide
proportionally differentiated loss probability. Using this scheme, a low priority burst is intentionally
dropped when the proportionality equation is violated. This will give longer free time periods on the
output link capacity, which means more opportunity for a high priority burst to be admitted. A major
limitation of this scheme is that it can result in unnecessary dropping of low-priority bursts. In [64],
proportional loss probability differentiation is provided by maintaining the number of wavelengths
occupied by each class of burst. Every incoming burst is planned based on a usage profile maintained
at every node.
In order to provide a proportional packet delay differentiation over an OBS network, an appropriate
assembling scheme has been proposed in [24]. It expands the WTP (waited-time-priority) scheduler
proposed to provide a proportional packet delay over a packet-switched network [65]. Using this
scheme, a queue is kept for each class of packets. A burst will be assembled and transmitted into the
OBS backbone when a token is generated at time t. The token’s generation is assumed to be Poisson in
order to avoid possible synchronization among the burst generations from different sources. At time t,
a priority level, referred to as pi(t), is associated with each queue i. The priority of a queue i is given
by pi(t)= wi(t)/si, where wi(t) is the waiting time of the packet at the head of queue i at time t and si is
the proportional factor for Class i. The queue with the largest pi(t) will be chosen. Therefore a
proportional packet delay differentiation is provided.
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6.4. Absolute QoS over OBS network
Relative and proportional QoS differentiation schemes cannot provide an upper bound guarantee for
the supported QoS metrics; therefore, absolute QoS differentiation schemes are required to support
emerging multimedia applications, such as e-banking, videoconferencing and voice-over-IP, which
need a hard QoS guarantee. An intuitive approach to provide absolute QoS differentiation is to design
a hybrid optical backbone network consisting of wavelength-routed lightpaths to carry the guaranteed
traffic and a traditional OBS network for non-guaranteed traffic transmission. This approach leads to
inefficient bandwidth utilization over the wavelength-routed part of the network. In order to guarantee
efficient bandwidth use, efficient absolute QoS differentiation schemes, in which all wavelengths in
the network are available for statistical multiplexing and dynamic bandwidth allocation, are needed.
In [66], the authors have proposed QoS schemes based on the physical characteristics of the optical
signal, such as signal-to-noise ratio (SNR), and bit error rate (BER). In this scheme, the QoS
parameters are specified in the burst header packet and a connection is set up only if all the parameters
are satisfied. Thus, an absolute guarantee of the specified QoS is provided.
In [25], an absolute QoS model that provides an upper bound loss probability for guaranteed traffic
has been proposed. Two mechanisms have been introduced to provide an absolute loss guarantee over
an OBS network; early dropping and wavelength grouping. The early dropping mechanism
probabilistically drops the bursts of lower priority class in order to guarantee the loss probability of
higher priority class traffic. With this mechanism, an early dropping probability is computed for each
traffic class i based on the online loss probability and the maximum acceptable loss probability of the
immediately-higher priority traffic class. Two approaches have been investigated for the compute of
the early dropping probability; early dropping by threshold (EDT) and early dropping by span (EDS).
Authors claim that, EDS provides significantly better loss performance than EDT. In wavelength
grouping mechanism, traffic is classified into different groups, and a label is assigned to each group.
Each group is provisioned a minimum number of wavelengths. One approach to group the traffic is to
assign all traffic of the same service class to the same unique group. Two schemes for wavelength
grouping, namely, static wavelength grouping (SWG) and dynamic wavelength grouping (DWG) have
been investigated. In SWG, a fixed set of wavelengths is dedicated for traffic within a given group. In
DWG, a fixed number of wavelengths, but not necessarily a fixed set of wavelengths, is reserved for
the traffic within a given group. Comparing SWG and DWG, we note that SWG is less complex and
simpler to implement. However, DWG has the advantage of being able to dynamically schedule a
burst onto the best wavelength in terms the channel allocation status of each link, thereby improving
network performance.
Without the help of an early dropping mechanism, the wavelength grouping mechanism schedules the
bursts of a given class only on a limited number of wavelengths, even when the loss probabilities of
other traffic classes are under the maximum authorized loss probabilities. This restriction results in
inefficient wavelength utilization. Authors investigate the integration of the two mechanisms to
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achieve better performance. It is shown that the integrated scheme gives a successful solution for
providing absolute loss guarantee while significantly reducing the loss probability experienced by the
non-guaranteed traffic.
In [88], the authors address the problem of providing absolute QoS provision over an OBS network.
The authors introduce a set of dynamic wavelength sharing policies to provide absolute QoS
guarantees to multiple classes of users of an OBS network in terms of end-to-end loss.
While different approaches have been investigated to provide an absolute traffic loss guarantee over
an OBS network, few works have considered absolute transmission delay guarantee in OBS networks.
In chapter 6, we introduce a novel traffic engineering protocol allowing the provision of an absolute
delay guarantee over a novel OBS network architecture suitable for contention resolution and QoS
provisioning. The proposed approach is mainly based on the use of a new contention resolution
method, which is based on dynamic parameters of the observed traffic instead of static priorities [45,
83]. This fortunately allows a better QoS provision, and the optimization of resource utilization.
7. Traffic Admission Control
One of the main aspects in the design of optical burst-switched networks is the development of a burst
admission control protocol that can efficiently handle quality of service provision and network
resources utilization. The burst admission control in OBS networks aims at deciding whether to accept
or reject a new data burst based on a set of parameters like the burst length, QoS constraints, and
resources availability. The development of an optimal scheme for burst admission control in an OBS
network may improve the provision of QoS as well as the network resources efficiency. In fact, the
rejection of a data burst because the available network resources are insufficient to satisfy the required
QoS, may make these resources available for the transmission of the least constraining data burst. This
ensures that the network resources are usually used for a successful transmission; thus, a more
efficient resources utilization.
Few works have addressed the burst admission control issue in the development of OBS networks
[66].

In this work, authors develop a burst admission control scheme based on the physical

characteristics of the optical signal such as signal-to-noise ratio (SNR) and bit error rate (BER). Using
the proposed scheme, a data burst is accepted only if all requirements in terms of the signal parameters
are satisfied. Even though, it constitutes an important contribution in the development of OBS
networks, the proposed scheme is limited to physical parameters and do not consider network
resources availability and QoS parameters such as traffic loss, blocking delay, etc. Thus, research
activities need to be developed towards an efficient traffic admission control over an optical burst
switched network.
In [67, 68], the authors address the call admission control issue in optical networks and mainly
consider the development of mechanisms for connection admission control in wavelength routed
optical networks. In [68], the authors develop a novel connection admission control scheme. The
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proposed scheme mainly considers connection requests with known holding time. With knowledge of
call holding times, a switch can maintain a time-varying available capacity function for each outgoing
interface. This function reflects the scheduled start times of all the connections on that interface. When
a new call arrives, each switch provides a delayed start time. This allows for a call to be admitted at
multiple switches of an end-to-end path without impacting utilization. In [67], the authors investigate
two new connection admission control algorithms: the “F-scheme” and the “timeslots scheme”. The
proposed schemes have been evaluated through simulation and it was shown that indeed high
utilizations can be achieved while keeping call blocking probabilities low at the cost of call start time
delays. While, it may provide good performances over a wavelength routed WDM network, the
developed schemes cannot be extended for the context of an OBS network. In fact, the proposed
schemes consider an absolute QoS provision for each accepted connection that cannot be ensured over
an OBS network due to contention problems.
In chapter 8, we introduce an original QoS-oriented method to address the call admission control issue
in OBS networks [46]. We mainly consider the development of a burst admission control protocol for
a novel OBS network architecture suitable for contention resolution and QoS support (chapter 5). The
proposed scheme is mainly based on the use of an analytic model (chapter 6) allowing the estimation
of the QoS that will be offered to a data burst on a given lightpath [46]. Using the proposed scheme,
each data burst is preceded by a burst transmission request carrying burst related control information
such as burst-length, routing information and QoS constraints. A data burst transmission request is
accepted at a network node only when the estimated QoS comply with burst QoS constraints in terms
of traffic loss and transfer delay. A data burst is accepted to be transmitted through the network only
when it is accepted on a lightpath toward its destination.
8. Performances Monitoring
Optical performance monitoring (OPM) represents one of the major issues in the development of
optical burst switched networks. Indeed, it allows the detection and the reaction to network behaviors
or events that can have a significant impact on the network performance, such as service
unavailability, QoS degradation, congestion problem, inefficient resources utilization, etc. OPM can
be broken down into three layers [32]. The first level is the transport layer or WDM layer monitoring,
which considers transport and channel management at the WDM layer. Particularly, it considers real
time measurements of channel presence, OSNR (optical signal noise ratio), and power levels. The
second level is signal quality layer monitoring, which locks onto a single wavelength and performs
signal quality measurements. Examples of features that can be analyzed in such level are the eye
diagram and distortion that occurs within the eye due to dispersion and nonlinear effects. The third
level is protocol performance monitoring, which involves monitoring the performance of deployed
network and traffic engineering protocols. It mainly includes network resources utilization
supervision, congestion control, and QoS monitoring.
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Different schemes have been proposed for the optical performance monitoring in all-optical networks
[32, 33, 34, 35, 36, 37, 85]. The majority of these schemes consider WDM layer and signal quality
monitoring [32-36]. For the most, it address signal power monitoring, OSNR monitoring, polarizationmode dispersion, signal distortion, chromatic dispersion, etc. A few works have addressed protocols
performance monitoring (e.g., [37]). In this work, authors develop a QoS monitoring approach for alloptical WDM networks through a real-time supervision of the Bit Error Rate (BER) parameter at the
input and/or output ports on each network node. BER detection on each network node can be used for
evaluating the quality of the transmitted signals, partially along a point-to-point transmission link, but
also along the entire selected lightpath. As a result, this may essentially lead to rapid detection and
easy localization of QoS degradations and attacks in the network.
The developed approach consider the use of a detection device referred to as QoS Guard (QoSG) that
is connected on either the input or the output of an OBS network node (see Figure 2.8 (a)). This device
consists of an Optical Processing Unit (OPU) and a QoS Unit (QoSU) as shown in Figure 2.8 (b). A
QoSG component inserts a tap into input or output signal paths, and splits off a portion of the signal
for testing. The taped optical signal is then photo-detected in the OPU and the resulting electrical
signal is processed into the QoSU, which is responsible for detecting the BER degradation and
triggering any device alarms present. Such a trigger is entirely dependent on the measured BER, and
whether or not it falls above some specified threshold.
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Optical Node
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Figure 2. 8: OBS network: A QoS monitoring scheme
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Even though, it represents an important step towards optical performances monitoring, the above
presented approach is limited to performance monitoring of data link protocols through an electronic
supervision of the BER parameter. In chapter 9, we develop a performance monitoring scheme for the
novel OBS network architecture (chapter 5). The proposed scheme mainly considers congestion
control and QoS monitoring through a real-time measurement of the following parameters: network
resources utilization ratios, traffic loss mean rate, and average blocking delay [69]. It also considers
signal power and BER monitoring for channel availability and signal quality supervision.
9. Network Resources Dimensioning and Optimization
Network resources dimensioning and optimization is one of the most critical issues in networks
development. It aims at looking for how to determine the optimal network configuration to support a
given input traffic with specified QoS constraints. The deployment of WDM networks introduces an
acute need to consider the dimensioning and optimization aspects. New optimization problems arise in
connection with these networks for two main reasons [28]: First, the cost of optical networking
equipment is not still well controlled due mainly to the early stage of development of the relevant
technologies. Second, the development of the optical technology results to control new functional
constraints that must be taken into account during network design and dimensioning. Different
schemes have been proposed for WDM optical networks optimization. The majority of these schemes
consider the routing optimization problem in wavelength routed optical networks [28, 29, 30]. A few
works have addressed the dimensioning and optimization aspects in optical burst switched networks.
In [31], the authors develop a dimensioning study for FDL buffers in OBS networks. They mainly
investigate key design parameters of FDL buffers like FDL buffer architecture, FDL length and total
number of buffer ports.

Two FDL buffers architecture have been investigated: feed-forward

architecture and feedback architecture. The proposed study is mainly based on the development of a
set of simulation experiments evaluating the impact of the considered design parameters on the OBS
network performances.
While, the dimensioning study presented in [31] represents a significant step towards resources
dimensioning in optical burst switched networks, several issues have not been considered in this work.
Particularly, the use of wavelength conversion, burst segmentation, QoS management, and
transmission capacity optimization were not addressed. In chapter 7, we develop a QoS-oriented
method to address the network resources dimensioning and optimization issues in the implementation
of OBS networks [70]. Mainly, we develop an optimization work for the novel OBS network
architecture introduced in chapter 5.
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Chapter 3:
Segments-priorities Based Contention Resolution
Approach

1. Introduction
One of the major concerns in OBS services development is contention resolution. A contention
problem occurs when multiple data bursts contend for the same output channel at a given network
node. Contention in an optical burst-switched network is particularly aggravated by the variable burst
sizes and the long burst durations. In electronic networks, contention is typically handled using
random-access memory (RAM) buffers. However, due to technological constraints, optical RAM-like
buffering is not yet available today. As an alternative, optical buffering is achieved through the use of
Fiber Delay Lines (FDLs) that can delay an optical signal for a fixed amount of time. While, it
constitutes an important action in optical networking development, current optical buffer architectures
are severely limited in size, which makes an optical node unable to handle bursty traffic without
alternative contention resolution schemes. Wavelength conversion and deflection routing have been
investigated as alternative schemes for contention resolution in optical burst switched networks.
Wavelength conversion is the process of converting the wavelength of an incoming burst to another
wavelength at the outgoing port; thus minimizing the number of burst contentions. This method
constitutes a promising approach since the number of wavelengths that can be coupled together onto a
single fiber continues to increase. Using deflection routing [27], a contending data burst is routed to an
output port other than the intended one, and consequently on a different route towards its destination;
thus minimizing burst contentions. Compared to optical buffering and wavelength conversion
schemes, deflection routing does not require any additional component to be implemented. However,
in deflection routing, a deflected burst takes a longer route to its destination, leading to increased
delay and a degradation of the signal quality.
While the above presented schemes appear to be sufficient to address contention problems in optical
burst switched networks, additional schemes may still be necessary for better QoS provision and
higher network resources utilization. In [9, 62], the authors introduce a burst segmentation approach
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that aims at dropping, in case of contention, only those segments of a data burst which overlap with
other bursts; thus, reducing traffic loss. A bursts-priorities based segmentation scheme has been also
developed to provide a service differentiation over an OBS network [9, 27]. The proposed scheme has
been investigated considering single class and composite class bursts [9]. Using a bursts-priorities
based contention resolution scheme, an efficient QoS differentiation may be provided over an OBS
network with single class bursts. However, the implementation of the considered approach over an
OBS network with composite class bursts may lead to QoS problems, especially when the number of
burst priorities supported in the core is less than the number of input packets classes. In fact, as it will
be shown in the sequel, high-priority packets may be dropped due to low-priority packets.
In this chapter, we introduce a novel Segments-priorities based contention resolution approach to
provide a relative QoS differentiation over a JET-based OBS network [43]. The implementation of the
proposed approach has mainly required the development of a JET-like signaling protocol and a new
composite burst assembly and segmentation scheme [43]. Using the proposed approach, a burst is
composed of a set of fixed-length segments of different traffic classes. A segment is a pure payload
that is composed of a fixed number of packets of the same traffic class. In the case of output port
conflict, the higher-priority segment is transmitted, whereas the lower-priority one is dropped, delayed
or deflected depending on the implemented contention resolution scheme. The proposed approach has
been investigated over different OBS network architecture [43, 40, 41]. In this chapter, we mainly
consider the analysis, through simulation, of a segments-priorities based dropping scheme for QoS
support over a bufferless OBS network architecture.
The rest of this chapter is organized as follows. In Section 2, we describe a bursts-priorities based
segmentation approach proposed in the literature for a relative QoS differentiation over an OBS
network. Then, we discuss its efficiency in terms of QoS provision. Section 3 presents the proposed
burst assembly and segmentation mechanism. Section 4 presents the JET-like signaling protocol with
a new control packet structure. Section 5 describes the new Segments-priorities based contention
resolution scheme. Section 6 will focus on the performances evaluation of the introduced approach,
and section 7 concludes the chapter.
2. Burst-priorities based segmentation approach: description, QoS problems
In [9, 27], the authors introduce a bursts-priorities based segmentation approach for contention
resolution and QoS support over a JET-based optical burst switched network. Using the considered
approach, each data burst is divided into basic transport units called segments. Each of these segments
may consist of a single IP packet or multiple IP packets, with each segment defining the possible
partitioning points of a burst when the burst experiences contention in the optical network. A priority
level is associated to each data burst. In the case of contention, a prioritized tail-segmentation
approach is performed as follows: If the original data burst (the burst which arrives at node first) is of
lower-priority than the contending data burst, then the original burst is segmented. If the original burst
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is of higher priority than the contending burst, then the contending burst is dropped. If the two bursts
are of equal-priority and the contending burst is longer than the remaining tail of the original burst,
then the original burst is segmented; otherwise, the contending burst is dropped. Figure 3.1 illustrates
the possible contention scenarios.
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Dropped burst
Time

(a) : Contention of a low-priority burst with a high-priority burst (Po>Pc)
Dropped burst ta il
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(b) : Contention of a high-priority burst with a low-priority burst (Po<Pc)
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(c) : Contention of two equal-priority bursts (Po=Pc) with shorter contending burst
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burst priority: Pc
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(d) : Contention of two equal-priority bursts (Po=Pc) with longer contending burst

Figure 3. 1: Burst-priorities based segmentation approach: Possible contention scenarios
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The presented approach can be deployed using single or composite burst assembly. Using single burst
assembly, the considered segmentation scheme may lead to QoS problems; especially, when the
number of burst priorities is lower than the number of input packet classes. In fact, in that case,
packets of different traffic classes will be assembled into bursts of the same priority. Therefore, in the
case of contention, packets of a high-priority traffic class may be dropped due to packets of a lowerpriority traffic class; thus, an inefficient QoS support. Figure 3.2 illustrates the QoS problem of the
considered segmentation approach when a single burst assembly is used. In this figure, we consider an
OBS network with four input packets classes and two burst priorities. Packet classes are denoted class
0, class 1, class 2 and class 3 in a decreasing order of priority. Priority 0 and priority 1 denote the
highest and the lowest burst priority. Figure 3.2(a) shows the generated burst types. Figure 3.2(b)
shows a possible scenario when packets with high QoS constraints (class 0) are dropped due to
contention with packets with lower constraints (class 1).
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(a) : Single class burst assembly: Four input packets classes and two burst priorities
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(b) : QoS problem : class 0 packets are dropped due to lower-priority (class 1) packets
Figure 3. 2: Burst-priorities based segmentation approach: QoS problems with single class bursts
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To provide a better QoS support, the authors introduce a composite burst assembly technique. In this
technique, a composite burst is created by combining packets from different classes into the same
burst. The packets are placed from the head of the burst to the tail of the burst in order of decreasing
classes. This assembly approach is motivated by the observation that, with the burst tail-segmentation
approach, the packets toward the tail of a burst are more likely to be dropped than packets at the head
of a burst. The proposed approach is illustrated by the examples presented in Figure 3.3. Figure 3.3 (a)
shows the burst types generated by the considered burst assembly approach over an OBS network with
four input packet classes and four burst priorities. Class 0, class 1, class 2, and class 3 denote packet
classes with class 0 being the highest packet class and class 3 being the lowest one. Priority 0, priority
1, priority 2 and priority 3 denote burst priority in a decreasing order of priority. Figure 3.3(b) shows
the generated bursts when only two burst priorities (priority 0, priority 1) are considered.

Burst Priority
Class 0
Class 1

BA

1

0

2

1

3
Burst
Input packet
queues

S

2

Class 2
Class 3

0
1

2

3

Burst

3
Scheduler

Assembler

(a): Composite burst assembly scheme: four packet classes, four burst priorities
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(b): Composite burst assembly scheme: four packet classes, two burst priorities
Figure 3. 3: Composite burst assembly scheme: four packet classes, four/two burst priorities
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As it is illustrated in [9, 27], using the proposed composite burst assembly scheme, the burstspriorities based segmentation approach may provide a better QoS support; especially, when the
number of burst priorities is lower than the number of input packet classes. Unfortunately, using the
considered approach, contention scenarios, when high-priority packets are dropped due to lowerpriorities packets, are usually possible even when the number of burst priorities is equal to the number
of input packet classes. Figure 3.4 presents a set of contention scenarios that result into the dropping
of high-priorities packets due to contention with lower-priorities packets. For instance, Figure 3.4 (a)
illustrates that, using the proposed schemes, packets of class 0 may be dropped due to lower-priority
(class 1) packets even when the number of burst priorities is equal to the number of input packet
classes. This illustrates the inefficiency of the considered approach with respect to QoS support.
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(a) : class 0 packets are dropped due to lower-priority (class 1) packets
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(b) : class 1 packets are dropped due to lower-priority (class 2) packets
Figure 3. 4: Bursts-priorities based segmentation approach: QoS problems with composite class bursts

In addition to the above illustrated QoS problem, the bursts-priorities based contention resolution
approach may lead to an inefficient traffic handling that may lead to a high traffic loss for the majority
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of traffic classes. In fact, using the considered approach, a burst that contains a set of packets of class i
may be dropped due to a little number (one or two) of packets of the same class. Figure 3.5 presents a
set of contention scenarios that illustrate the mentioned problem. For instance, Figure 3.5 (a) shows a
contention scenario between a burst of priority 0 and a burst of priority 1 that results into the dropping
of the second burst which contains 5 packets of class 1 and 1 packet of class 2 due to the presence of
one packet of class 1 in the original data burst. This illustrates the inefficiency of the considered
prioritized segmentation approach and the associated composite burst assembly scheme.

Original burst
priority : Po=0

Contending burst
priority: Pc=1

1

2

1

1

1

1

0

0

1

Dropped burst
Time

(a) : five packets of class 1 are dropped due to only one packet of the same class
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(b) : four packets of class 2 and two packets of class 3 are dropped due to only one of
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Figure 3. 5: (Burst-priorities based segmentation, composite class bursts): A high traffic loss

The considered prioritized segmentation approach has been investigated using single burst and
composite burst assembly schemes. As it is shown above, using a single burst assembly, the
considered segmentation approach may lead to QoS problems when the number of burst priorities is
larger than the number of packet classes. Even though it may help the provision of an efficient service
differentiation when the number of burst priorities is larger than the number of packet classes, a single
burst assembly cannot support traffic types with delay constraints. A composite burst assembly
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scheme has been developed towards a better service differentiation. However, as it is illustrated above,
the considered schemes may lead to different QoS problems especially for traffic classes with strict
QoS constraints. This illustrates the inability of the previously proposed bursts-priorities based
contention resolution scheme to provide an efficient service differentiation over an optical burst
switched network.
In order to overcome the limits of the above presented burst-priorities based segmentation scheme, we
introduce in this chapter a novel prioritized segmentation approach that is based on Segmentspriorities instead of bursts-priorities.
3. Segments-priorities based contention resolution
The development of the considered Segments-priorities based contention resolution approach has
mainly required the development of a new JET-like signaling scheme and a novel burst assembly and
segmentation technique [43]. In the following sub-sections, we present the considered approach as
well as the associated burst assembly and signaling schemes.
3.1. Burst assembly and segmentation mechanism
Burst assembly is the process of assembling input packets into data bursts. In the presence of different
packet classes of QoS, a major problem to solve during the specification of a burst assembly
mechanism is: “Which class of packets and how many packets of each class to put into a single
burst?”. The major existing burst assembly schemes assemble bursts with packets of the same traffic
class (single class burst). The choice of a single burst assembly scheme for all traffic classes may be
inappropriate to support applications with delay constraints or to provide efficient bandwidth
utilization. In [9, 27], the authors propose a composite burst assembly scheme for a more efficient
implementation of the considered burst-priorities segmentation approach. Another issue in burst
assembly is: “When to create a burst?”. Typically, timer and threshold mechanisms [28, 29] are
utilized to solve this problem. In threshold-based burst assembly approaches, a limit is placed on the
maximum number of packets contained in each burst. In a timer-based mechanism, a timer is started
when a packet arrives. When the timer expires, a burst is created from the received packets. Timerbased approach seems to be more appropriate to support traffic classes with delay constraints.
In the rest of this section, we present a detailed description of a novel burst assembly and
segmentation scheme that we develop for the implementation of the proposed Segments-priorities
based contention resolution approach [43, 40, 41]. We consider the development of a timer-based
composite burst assembly scheme. It is implemented at every burst assembly module (BAM) of an
edge node (see Figure 2.2). A timer is started when a first packet arrives to the BAM. Until the timer
expires, the incoming packets will be stored in the appropriate priority queues of the BAM. Once the
burst creation criterion is satisfied (i.e., timer expires), packets of each class are assembled into
segments of same length, say Segl, according to increasing order of packets arrival date. A priority
level is associated with each data segment; it corresponds to the traffic class of packets that it contains.
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After segments creation, all created segments are assembled in burst according to a decreasing order
of priority, with the requirements that the higher priorities are served first. Here, we mainly note that,
unlike the previously prioritized segmentation approach, a priority level is associated with each
segment of a given data burst instead of an average priority level associated to the global burst. This
provides a more detailed specification of the QoS constraints of data packets transported into a data
burst, which allows a more reliable QoS-oriented contention resolution at the network core.
With fixed size segment, the following problem can be encountered during segments creation: if the
number of packets stored in a given packets queue during the timer expiration delay is not divisible by
the considered segment length (Segl), two approaches are foreseeable to process the remaining
packets:
• First approach: fill the remainder by empty packets.
• Second approach: let the remaining packets for the next burst.
In order to establish a best tradeoff between the provided QoS and network resources utilization, in the
proposed mechanism, we adopt the first approach only for packets classes with strong End-to-End
delay constraints, whereas, the second approach is adapted for packets classes which have higher Endto-End delay tolerance.
In order to illustrate the presented burst assembly and segmentation approach, let consider the
following example:
Example: we consider an OBS network with four input packet classes denoted by class 0, class 1,
class 2, and class 3 in a decreasing order of priority. Class 0 and class 1 packets are assumed to have
strong end-to-end delay constraints, whereas, class 2 and class 3 packets have a high end-to-end delay
tolerance. Thus, using the proposed burst assembly scheme, the first approach is adopted for class 0
and class 1 packets, but the second approach is adopted for class 2 and class 3 traffics. Also, we
consider an input packets flow composed of 18 packets of class 0, 24 packets of class 1, 27 packets of
class 2 and 32 packets of class 3. The considered flow is assumed to be received by an input edge
node during a given burst assembly period.
Using the proposed burst assembly and segmentation scheme with a segment length equal to 10
packets, the considered packets will be assembled as follows:
- Segments creation:
Class 0: Class 0 traffic has strong end-to-end delay constraints; thus, all received class 0 packets must
be transmitted on the current data burst. So, the considered class 0 packets will be assembled into 2
segments of class 0: the first segment is composed of 10 packets, whereas the second segment is
composed of 8 class 0 packets and 2 empty packets (second approach).
Class 1: Similarly to class 0, the considered class 1 packets will be assembled into 3 segments of class
1: the first and the second segment are composed of 10 packets, whereas the last one is composed of 4
class 1 packets and 6 empty packets.
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Class 2: As it is assumed in the considered example, class 2 traffic has low end-to-end delay
constraints; thus based on the second approach, the first twenty packets will be assembled into 2
segments of class 2, whereas, the seven (7) remaining packets will be let for the next burst assembly.
Class 3: In the same way that class 2, the first thirty packets will be assembled into 3 segments of
class 3, whereas, the two (2) remaining packets will be let for the next burst assembly.
- Segments assembly: Using the considered approach, the created data segments are assembled into a
single data burst according to a decreasing order of priority. Figure 3.6 shows the structure of the data
burst generated from the considered input traffic using the proposed burst assembly and segmentation
scheme.
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Figure 3. 6: Burst assembly and segmentation scheme: Burst structure

One of the main issues in the design of the proposed burst assembly and segmentation approach is the
determination of the appropriate values for the following parameters: burst assembly period (timeout:
timer expiration delay) and segment length (Segl). In fact, a too large burst assembly period may lead
to an intolerable end-to-end delay, especially for traffic classes with delay constraints. On the other
hand, with a short assembly period, too many small bursts will be created resulting in higher control
overhead and inefficient network utilization. Also, the choice of the segment length parameter may
have a great effect on the performances of the considered schemes. Indeed, with a short segment
length, a burst will be composed of many small segments, resulting in a high overhead and so a non
efficient resources utilization. Alternatively, a large segment length may increase the number of empty
packets in a data burst, and so an inefficient bandwidth utilization.
In order to reach the best possible performances with this new scheme, optimal values for its
parameters (timeout, Segl) must be found for specific network parameters (number of traffic classes,
delay and loss constraints of each class, network load, network capacity, etc.). A simulation model has
been developed to evaluate the effects of these parameters on the performances of the considered
schemes. Numerical results will be discussed in section 3.4.
3.2. JET-like signaling protocol
In addition to the above presented burst assembly and segmentation scheme, the implementation of the
considered Segments-priorities based contention resolution approach has required the development of
a JET-like signaling protocol that is based on the extension of the JET signaling protocol [43, 40, 41].
The main idea of this new protocol is that in addition to the burst related control information, the burst
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header packet carries control information associated to each segment of the burst such as segmentpriority, segment-length, etc. Segments priorities are used by the proposed Segments-priorities
contention resolution scheme to preferentially privilege segments when contention occurs in the
network core.
Using the proposed JET-like signaling protocol, a burst is a pure payload preceded by the transmission
of a control packet carrying the control information necessary for its transmission through the
network. In addition to the control information related to the burst, the control packet carries control
information related to each segments of the burst such as segment-priority and segment-length.
As it mentioned in the previous section, segments are organized in a burst according to a decreasing
order of priorities. Also, in order to alleviate the control overhead we have supposed that all segments
have the same length Segl. These suppositions allow an important reduction of the control traffic
carried by a control packet. In fact, in this case, only the following control information are necessary
for a complete burst specification:
- Offset time: indicates the difference between the arrival time of a control packet and the arrival
time of the corresponding data burst. This information allows a core node to determine a burst
arrival time, and the arrival time of the first segment of a burst.
- Routing information: includes necessary information for burst switching such as the destination
edge node address, wavelength identification, etc.
- Number of segments of each traffic class: these information let the network node know:
o The number of segments in the burst, and so the burst length.
o The priority and the arrival time of each segment in the burst.
- Empty packets number of each traffic class: these control information are not necessary for the
burst transmission through the core network, but are necessary at the destination Edge node for
eliminating the empty packet added by the burst assembly mechanism at the source edge node.
Let m be the number of traffic classes, which is supposed equal to the number of segment priorities
supported in the network core. The proposed burst header packet structure can be presented as shown
in figure 3.7.

Offset time Routing Information Nb-Seg 0 …. Nb-Seg m Nb-Empty-Packet 0 …. Nb-Empty-Packet m

Figure 3. 7: JET-like signaling protocol: BHP structure

As it carries more control information, a burst header packet with the proposed structure needs
additional processing time at a core node. Thus, a data burst must be blocked for longer offset time
before being transmitted, which may generate a QoS problem in terms of transmission delay. Yet,
with the proposed data burst and control packet structures, this issue can be easily alleviated. In fact,
at a core node we only need to know the higher-priority segments number before starting a burst
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transmission. Thus, a core switch needs to process only the first two control information (e.g., routing
information, number of higher-priority segments) in a control packet before the arrival of the
corresponding burst, while the remaining control information can be processed in parallel with the
burst transmission. With this way, the needed offset time can be significantly reduced, and the
transmission delay can be improved.
3.3. Segments-priorities based contention resolution
As it is mentioned above, the proposed Segments-priorities based contention resolution approach has
been investigated over different OBS network architecture [43, 40, 41]. In this section, we mainly
consider the implementation of the considered approach over a bufferless OBS network architecture
through the development of a Segments-priorities based dropping scheme.
The processing of a burst header packet containing the above presented control information lets an
OBS core node knows the arrival time, the priority, and the length of each data segment, which is
sufficient for the implementation of a segments-priorities based contention resolution scheme. In case
of contention, a core node compares the priorities of conflicting segments. The higher priority
segment is switched to the appropriate output channel, whereas the lower-priority one is dropped. In
case of contention between two segments of the same traffic type, the earlier segment is privileged.
Figure 3.8, illustrates the proposed Segments-priorities based dropping scheme. In this example, we
consider that the switching time of an OBS core node is negligible compared to a segment length;
thus, we ignore the amount of data that may be lost when the switch is being reconfigured.
Demonstrated in laboratory experiments [71, 9], optical switches based on semiconductor optical
amplifier (SOA) technology are capable of switching on the order of nanoseconds.
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Figure 3. 8: Segments-priorities based contention resolution scheme

Following a contention resolution at a core node, a trailing control massage is electronically created
and sent to all nodes on the remainder of the burst path. The purpose of this control packet is to correct
the control information carried by the burst header packet, otherwise, the dropped segment will
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virtually contend with other segments at a downstream node, which may result in unnecessary
segments losses. Upon receiving a trailing control message, a network core node attempts to release
resources reserved for dropped segment transmission and update the switch configuration.
In addition to trailing control messages handling, segment boundaries detection constitutes a critical
issue that arises when implementing burst segmentation. Segment boundaries are transparent to
intermediate nodes that switch the segmented burst. Synchronization to detect segment starting point
may, however, lead to uncontrolled errors if segments are not separated. A simple solution of this
problem is to consider that bursts are segmented using equal size segments, which contain a fixed
number of packets. Segments are organized within a burst following an increasing order of their
priorities.
4. Simulation and Numerical Results
In order to evaluate the performance of the Segments-priorities based on contention resolution, a
simulation model has been developed. In the sequel, we first present the simulation model and then
some of the most meaningful simulation results.
4.1. Simulation model
- Node configuration: The configuration of the simulated OBS node architecture supposes two input
and output optical channels with a transmission capacity equal to 400 Mbit/s. We also consider the
absence of any buffering or wavelength conversion capabilities at a core node. Simulation
experiments consider that an input traffic is generated at each input channel, and that an input traffic
is uniformly distributed between output channels.
- Traffic model: we consider an IP traffic with fixed packet-length equal to 1250 bytes. Packets arrive
to an input edge node is assumed to be Poisson process.
- Traffic classes: we have found it interesting to consider more than two priorities for the arriving
packets. Several priorities allow in fact the definition of various node behaviors for various traffic
requirements. In our case, we have considered four packets classes, denoted by class0, class1,
class2 and class3, where class0 has the lowest traffic loss tolerance. We suppose that class0 and
class1 packets have strong end-to-end delay constraints, whereas, class2 and class3 traffic have a
high end-to-end delay tolerance. Thus, during burst assembly, the first approach is applied for class
0 and class1 packets, while the second approach is adopted for class2 and class3 traffic.
- Performance metrics: two metrics have been considered for the evaluation of the provided QoS in
terms of traffic loss and blocking delay: traffic loss mean rate and average blocking delay. As it is
presented above, using a burst assembly and segmentation scheme with fixed-length segments,
empty packets may be transmitted within a data burst, which may affect the performance of the
developed approach in terms of bandwidth utilization efficiency. Therefore, the following metric
has been considered to evaluate the average empty-packets ratio; thus, evaluating the efficiency of
bandwidth utilization:

the emptiness mean ratio. The following input parameters have been
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considered for the performance evaluation: a segment length (Segl), the burst assembly period
(Timeout), and the mean packets inter-arrival time (Mpiat).
- Simulation model accuracy: we have found it of great interest to present a clear indication about
the accuracy of the developed simulation model before presenting simulation results. The validity of
the developed simulation model is ensured by the use of random generators based on the well
known pseudo-random numbers generator RAND. RAND belongs to a class of multiplicative linear
congruential pseudo-random numbers generators (LC-PRNGs), which are well proved [72]. In
addition to the use of suitable random generators, simulations experiments are conducted using
appropriate sample-sizes; thus improving the credibility of the developed simulation model.
4.2. Simulation Results
Simulation experiments have been conducted to evaluate the performances of the introduced
approach. We mainly address the impact of system input parameters (Segment-length, Timeout, Mean
packets inter-arrival time) on the considered performance metrics, which may be useful when
optimizing the system configuration. The following sub-sections, present some of the obtained
simulation results.
4.2.1. QoS Provision
Figure 3.9 plots the average packet blocking delay at an input edge node for traffic classes with low
(ex. class 0) and high (ex. class 3) end-to-end delay tolerance versus average packets inter-arrival time
when, a segment length is fixed to 10 packets and the assembly period is equal to 5.0 ms. The figure
shows that for different input traffic load, a lower blocking delay is ensured for class 0. This illustrates
the capacity of the proposed burst assembly scheme to provide a service differentiation and to support
traffic types with delay constraints. Also, we observe that class 3 packet blocking delay increases with
the increase of the mean packets inter-arrival time. On the other hand, we note the variation of the
input traffic load has insignificant effect on class 0 packets blocking delay. This may be explained as
follows: with a high packets inter-arrival time, class 3 segment creation criterion (class 3 packets
number = segment length) requires a lot of times to be satisfied, so class 3 packets must be blocked for
a long duration before being assembled into a burst. Traffic of class 0 has strong end-to-end delay
constraints, thus all received class 0 packets are transmitted into the current data burst, even though
the packets number is less than segment length (the first approach in the proposed burst assembly
scheme).
Figure 3.10 plots the average packet blocking delay at an edge node for traffic classes with low (e.g.
class0) and high (ex. class3) end-to-end delay tolerance versus the burst assembly period (timeout)
when, the mean packets inter-arrival time is fixed to 0.05 ms and the segment-length is equal to10
packets. We notice that, for both traffic classes, the average blocking delay increases with the increase
of the burst assembly period. This can be explained as follows: each received packet is blocked at the
input edge node until burst creation (when timer expires). Thus, a too large burst assembly leads
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obviously to a high packet blocking delay. The figure shows that a service differentiation is provided
and a lower blocking delay is guaranteed for traffic class with end-to-end delay constraints (class 0).

Figure 3. 9: Average packet-blocking delay vs. Average packets inter-arrival time

Figure 3. 10: Average packet-blocking delay vs. Segment length
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Figures 3.11 shows the impact of segment-length variation on the average packet blocking delay at an
edge node for traffic classes with low (ex. class 0) and high (ex. class 3) end-to-end delay tolerance
when, the mean packets inter-arrival time is fixed to 0.05ms and the burst assembly period is equal to
5ms. The figure shows that a service differentiation is guaranteed and a high performance (i.e. low
blocking delay) is ensured for high-priority traffic (class 0). We observe that the mean blocking delay
is fairly constant for class0 packets, but it increases with the increase of segment length, for class3.
This is because with a high segment length, class3 segments creation criterion requires a lot of times
to be satisfied, so class3 packets must be blocked for a long duration before being added to a burst.
However, all class0 packets received during a burst creation period are inserted in the burst, even
though the packets number is less than a segment length.

Figure 3. 11: Average packet-blocking delay vs. Timer expiration delay

Figure 3.12 plots the traffic loss mean rate versus the mean packets inter-arrival time for the
considered traffic classes when, segment length is equal to 10 packets and timer expiration delay is
fixed to 5.0 ms. The figure illustrates that a service differentiation is guaranteed by the developed
approach, and that a very low traffic loss mean (<1 %) may be ensured for the higher-priority traffic
class (class 0). We observe that the traffic loss mean rate decreases with the increase of the mean
packets inter-arrival time. This is because the increase of the packets inter-arrival time will decrease
the contention probability, and so decrease the traffic loss mean rate.
Figure 3.13 shows the effect of the burst assembly period variation on the traffic loss mean rate for the
considered traffic classes when, the segment length is fixed to 10 packets and the mean packets inter-
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arrival time is equal to 0.05 ms. Like Figure 3.12, this figure illustrates also that a service
differentiation is ensured and a very weak traffic loss is guaranteed for a high-priority traffic class
(class0). We observe that as the timer expiration delay (timeout) increases, the traffic loss mean rate
decreases and the improvement is gradually reduced (less than 5%) under longer burst assembly
period.

Figure 3. 12: Traffic loss mean rate vs. Average packets inter-arrival time

Figure 3.14 plots the loss mean rate versus segment-length for the considered traffic classes, when the
burst assembly period is fixed to 5.0 ms and the mean packets inter-arrival time is equal to 0.05 ms.
The figure shows that traffic losses increases with the increase in the segment length. This is because
the increase in the segment length may increase the number of contention, since it is more likely that a
long segment may be in conflicts with others segments. Also, the increase in segment length forces the
increase of the number of packets lost per contention. Like previous figures, Figure 3.14 illustrates
that a service differentiation may be provided by the proposed segments-priorities based contention
resolution approach. Moreover, the figure shows that a very low traffic loss is ensured for the higherpriority traffic class (ex. Class and acceptable performances may be provided to low-priorities traffic
classes (ex. class 3).
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Figure 3. 13: Traffic loss mean rate vs. Segment length

Figure 3. 14: Traffic loss mean rate vs. Timer expiration delay
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4.2.2. Resources utilization efficiency
As it is mentioned above, a performance metric, referred to as emptiness mean ratio, has been
considered to evaluate the effect of the developed approach on the efficiency of network resources
utilization. The following numerical results show the impacts of system input parameters on such
performance metric.
Figure 3.15 plots the emptiness mean ratio versus the mean packets inter-arrival time when, a
segment length is equal to 10 packets and the burst assembly period is fixed to 5.0 ms. We observe
that the emptiness mean ratio increases with the increase of the mean packets inter-arrival time. This
can be explained as follows: at low load, the number of packets received during a burst assembly
period may be more likely less than a segment length. Therefore, using the first approach in the burst
assembly scheme, more empty packets will present in class 0 and class 1 data segments; thus, the
increase of the emptiness mean ratio.
Figure 3.16 shows the relation between the emptiness mean rate in a data burst and the burst assembly
period when, the mean packet inter-arrival time is equal to 0.05 ms and the segment length is fixed to
10 packets. We observe that the emptiness mean rate decreases with the increase in the burst assembly
period (timeout: timer expiration delay). This is for the reason that with a long burst assembly period,
the number of empty packets transmitted within a data burst may be more likely insignificant to the
total number of burst packets.
Figure 3.17 shows the impact of segment-length variation on the emptiness mean ratio when, the mean
packets inter-arrival time is equal to 0.05ms and the burst assembly period is fixed to 5.0 ms. The
figure shows that the emptiness mean ratio in a data burst augments with the increase in segment
length. This is because with a high segment length, the number of class 0 or class 1 received packet
during a burst assembly period may be more likely less than a segment length. Therefore, class 0 and
class 1 segments will contain more empty packets; thus, the increase of the emptiness mean ratio in a
data burst.
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Figure 3. 15: Emptiness mean ratio vs. Average packets inter-arrival time

Figure 3. 16: Emptiness mean ratio vs. Segment length
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Figure 3. 17: Emptiness mean ratio vs. Timer expiration delay

4.2.3. Overall solution evaluation
Figures 3.11, 3.14 and 3.17 illustrate that the proposed solution performs better with reduced segment
length. In fact the segment length increasing has bad effects on the proposed solution performances.
Figures 3.13 and 3.16 show that, as the timer expiration delay rises, the traffic loss and the overhead
(emptiness rate) decreases. The improvement is gradually reduced under longer burst assembly period.
But Figure 3.10 demonstrates that the timer expiration delay augmentation has a dreadful effect on the
transmission delay. Thus, these figures prove that a timer expiration delay, which ensures a good
tradeoff between the considered performance criterions, must be found. For example, for the evaluated
network (an inter-arrival time equal to 0.05 ms and a segment length = 10 packets) a burst assembly
period equal to 5.0 ms guarantees good performances. In fact, with this configuration, the overhead is
less than 7% and the high-priority traffic loss and average blocking delay are respectively about 4%
and 2.5 ms.
Figures 3.9, 3.12 and 3.15 show that the load variation have an important effect on the performance of
the proposed solution. For example, at high load, it provides good performances in terms of
transmission delay and overhead, but not in terms of traffic loss. The load variation impact may be
improved by if we use appropriates values for the segment length and the burst assembly period.
5. Conclusion
Contention resolution and QoS support constitute major issues in the development of OBS networks.
Different schemes have developed in the OBS literature to address these issues. A burst-priorities
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based segmentation scheme, a recent attempt to reduce traffic loss and provide a service
differentiation over an OBS network, has been proposed. Several problems within this scheme have
been pointed out in this chapter.
In order to overcome the limits of the burst-priorities based segmentation scheme, we introduced a
novel prioritized segmentation approach that is based on Segments-priorities instead of burstpriorities. The development of the considered approach has required the development of a new burst
assembly and segmentation scheme as well as a new JET-like signaling protocol. The main idea of our
approach is that, in addition to the burst related control information, the burst header packet carries
control information associated to each segments of the burst such as segment-priority and segmentlength. In case of contention between two data segments, the higher-priority segment is transmitted,
whereas the lower-priority segment is dropped, delayed or deflected depending on the implemented
contention resolution scheme.
In this chapter we have mainly considered the design of the considered approach over a bufferless
OBS network through the development of a Segments-priorities based dropping scheme. A
performance evaluation study, based on simulations, has been conducted to evaluated the considered
scheme and study its features. Numerical results illustrate the capacity of the novel prioritized
segmentation approach to provide a service differentiation over a bufferless OBS network.
The developed approach provides better performances in conjunction with other contention resolution
techniques, such as optical buffering, wavelength conversion, and deflection routing. In Chapter 4, we
investigate the implementation of the proposed Segments-priorities based contention resolution
approach over a novel OBS network architecture allowing wavelength conversion and optical
buffering capabilities.
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Chapter 4:
An OBS Network Architecture Suitable for
Contention Resolution and QoS Provisioning

1. Introduction
Contention resolution and QoS support constitute critical issues in the development of OBS services.
In the previous chapter, we have introduced a segments-priorities based contention resolution scheme
for a better QoS provision over a JET-based OBS network architecture. The proposed approach has
been investigated over a bufferless OBS network architecture through the implementation of a
Segments-priorities based dropping scheme. Numerical results show that a service differentiation may
be provided, however, traffic loss remains relatively high especially for low-priority traffic classes. In
order to provide a better QoS support, the considered approach should be implemented in conjunction
with other contention resolution techniques, such as optical buffering, wavelength conversion and
deflection routing. In this chapter, we investigate the implementation of the Segments-priorities based
contention resolution approach over a novel OBS network architecture allowing wavelength
conversion and optical buffering capabilities.
The main idea that we propose in this chapter is a novel OBS node architecture, which when
complemented by a proper dimensioning technique of network resources may enable better support to
most services, and hence resolve the above mentioned shortcomings. The proposed architecture helps
the provision of differentiated and optimized services to IP packets through the use of a prioritized
contention resolution scheme that is based on the implementation of the Segments-priorities
contention resolution approach (Chapter 3) in conjunction with wavelength conversion and FDL
buffering techniques [40, 41]. The proposed architecture adopts a slotted (or synchronous) optical
burst switching, which is easier to operate and may provide better performances than unslotted
transmission [73].
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Once designed, the proposed OBS node architecture is extended for an optical node architecture
suitable for optical packet and burst switching (OBS/OPS) [40, 41]. The development of the
OBS/OPS node architecture constitutes an intermediate phase towards the implementation of the OPS
technology that promises, in the longer term, a most efficient support for next-generation optical
Internet (IP/WDM). The design of the considered architecture has required the extension of the OBS
node architecture and the associated protocols.
In order to evaluate the performances of the proposed architecture and study its features, simulation
experiments have been conducted. Numerical results show that a service differentiation is guaranteed,
a significant low loss and delay is ensured for high-priority traffic, and acceptable performances are
provided for low-priorities traffic classes.
The remaining part of this chapter is organized as follows. Section 2 presents the major components of
the proposed OBS node architecture. It also details the synchronization aspect and explains how the
node performs bursty switching. Section 3 presents the adopted QoS-oriented contention resolution
scheme and discusses its implementation. Section 4 focuses on the issue of providing differentiated
services over an OBS network. Section 5 discusses the extension of the OBS node architecture to an
OBS/OPS architecture suitable for optical packet and burst switching. Section 6 presents a simulation
model and discusses the performances of the proposed architecture. Section 7 concludes the chapter.
2. OBS Node Architecture
The proposed OBS node architecture is depicted in Figure 4.1 [40, 41]. An OBS node is composed of
N input ports and N output ports. Each channel can handle ω wavelengths using a set of multiplexers
and demultiplexers. Wavelengths are used either for signaling or traffic transport. The main
components of the node architecture are: (a) a switching unit, (b) a waiting unit, (c) a switch control
unit, (d) an input processing unit, and (e) an output processing unit. These components are useful for
performing an effective optical burst switching.
In the following subsections, we first present a detailed description of the different components of the
considered architecture, then we detail the synchronization aspect explain how the considered

node architecture performs bursty traffic switching.
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Figure 4. 1: Novel OBS node architecture

2.1. OBS Node Components
2.1.1. Switching Unit (SU)
The switching unit is responsible of the transfer of input data segments to the intended output
channels, or to an appropriate fiber delay line (FDL) in the case of output port contention. Two main
schemes of switch architectures can be proposed for optical burst switching: space switches [14], and
wavelength-routing switches [74]. The first scheme constitutes, in our opinion, a good choice for the
proposed OBS node architecture since it can support applications requiring traffic broadcasting or
multicasting such as video-on-demand and video/audio conferencing.
2.1.2. Waiting Unit (WU)
The waiting unit is used for output ports contention resolution. It is composed of a set of shared multiwavelengths FDL buffers. Fixed-length FDL buffers are used and a FDL buffer length is equal to a
segment transmission time (Segtt). A Feed-backward FDL buffering scheme [20, 14] is used to allow
a delayed data segment emerging from an FDL buffer to be (re)buffered, in case of successive
contentions. In a feed-backward buffering architecture, arriving data segments may preempt delayed
traffic units. This helps the provision of differentiated services in terms of traffic loss and blocking
delay. Also, the WU comprises a set of full range wavelength converters for FDL buffers conflicts
resolution [19].

77

2.1.3. Input Processing Unit (IPU)
An input processing unit is associated with each input channel. It is composed of the following
objects:
- A synchronization module that is used to synchronize the arriving data bursts and align them with
switching time slots boundaries. More details about an OBS node synchronization are presented in
the following subsection; and
- An Electrical/Optical (EO) converter that is used for burst header packet conversion for electronic
processing;
2.1.4. Output Processing Unit (OPU)
An output processing unit is associated with each output channel. It is composed of the following
components:
- A full range wavelength converter that is used for output port contention resolution; and
- An Electrical/Optical (EO) converter that is used to convert a burst header packet in the optical
domain after being treated by the SCU.
2.1.5. Switch Control Unit (SCU)
The switch control unit supervises the switching unit activity. It handles information related to the
availability of each wavelength on every output port and the availability of the buffering unit. This is
useful for the reservation of the needed resources (e.g., wavelengths, FDL buffers), as well as for
contention resolution needs. The SCU creates and maintains a forwarding table and is responsible for
configuring the SU to switch an arriving data burst on the pre-established lightpath. Currently, the lack
of fast, scalable, and robust optical bit-level processing technologies means that the SCU can only be
implemented electronically.
2.2. OBS node synchronization
OBS networks can be classified into two categories: synchronous (slotted) and asynchronous
(unslotted) networks [73]. In slotted OBS networks, control and data channels are divided into fixedsize time slots. Each control slot is further divided into several BHP (Burst Header Packet) slots with
fixed duration. The data burst can be as long as a single or a multiple number of data slot. Therefore,
in a slotted transmission mechanism, the offset time as well as the duration of the data burst and its
BHP will be expressed in terms of slots. Furthermore, the OBS core node must align all incoming
optical data bursts to the slot boundaries prior to allowing them to enter the switch fabric. A typical
synchronization stage that consists of a series of switches and delay lines is presented in [9, 17, 19].
In an unslotted OBS network, data bursts and their BHPs can be transmitted at any time and do not
have to be delayed until the next time slot boundary. However, in such networks, the start and the end
of a data burst must still be specified using some predefined time units. These units of time have a
much finer granularity compared to data time slots and are typically on the order of clock cycle.
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Obviously, in unslotted OBS networks, the chance for contention is larger due to unpredictable burst
arrival characteristics, [73]. Therefore, more buffering capacity is needed to provide reasonable
performance using an unslotted transmission scheme. Having more delay lines means increasing the
port count of the switching unit and can be a major concern in the network cost computation. For such
reasons, we have opted for a slotted optical burst switching technique during the design of the
proposed OBS node architecture.
3. QoS-oriented contention resolution scheme
A contention problem occurs when the resource to which the data unit is directed is not available. The
contention resolution scheme that we propose in this chapter combines optical buffering and
wavelength conversion techniques [40, 41]. It is performed by the SCU and uses WU and OPU
converters. It is based on a differentiated QoS provision in the sense that the choice of the data
segment to delay in case of contention is done according its priority.
3.1. Contention resolution characteristics
3.1.1. At the ingress node.
The sender node assigns a wavelength to a generated data burst. It estimates the time needed to build a
path, reserve resources locally, and allocate an offset time to the burst. It then attempts to construct a
wavelength path based on information collected from its neighbors about the availability of
wavelengths and the use of their resources to the right destination. The ingress node does not observe
contention. However, it contributes in offering better QoS to high-level priority burst and reducing
segment losses. This is done by observing a good approach to estimate the offset times and the
neighbor selection to which it forwards the control packets (for high-level priority bursts) or the
segments (for lower bursts).
3.1.2. At an OBS core node.
Using the burst assembly and segmentation mechanism introduced in Chapter 3, a data burst is
composed of a set of fixed-length data segments assembled in a decreasing order of priority. In case of
contention, the SCU compares the priorities of the contending data segments. The higher priority
segment is switched to the appropriate output port, whereas, the lower priority segment is routed to
another available wavelength. If no wavelength is available, a FDL buffer is used. If no FDL buffer is
available, the segment is dropped.
Using a Feed-backward FDL buffering scheme, a data segment emerging from the WU re-enters the
switch. Thus, a contention may occur between a delayed segment and a new arriving segment, or
between two delayed segments. In these cases the choice of the data segment to delay is done based on
the conflicting segments priority levels. If the contending segments are of the same priority, the choice
is done based on the WU-visits numbers, and the data segment with the smallest WU-visits number is
favored.
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3.1.3. At the egress node
Segment order is fixed at the egress nodes after receiving all segments. Dropped segments are
assumed to be reinserted in the traffic based on end-user application timeout, error control, or
emulated protocols. Finally, egress nodes are assumed to contribute to the segment loss reduction by
sending the appropriate information to the burst originator in order to help adapting offset time
allocation.
3.2. Wavelength conversion/ Buffering processing
In the case where the contention resolution is made using the wavelength conversion technique, the
SCU creates a control packet and sends it to all remainder nodes on the established path in order to
update information related to burst switching in all forwarding tables.
If the contention resolution is made by the optical buffering technique, the SCU chooses an
appropriate FDL buffer in the WU, and configures the SFU to transmit the lower priority data segment
to the selected FDL buffer. According to the feed-backward buffers utilization, a data segment
traverses the FDL, and re-enters the switch. If several contentions occur, a data segment may be
buffered more several times. To prevent an infinite FDL looping, a threshold corresponding to a
maximal FDL delay is imposed. If it is exceeded, the delayed data segment is dropped.
When a segment inside a burst is delayed or dropped, the SCU creates a control packet and sends it to
all remainder nodes in order to update information related to the associated burst composition.
Otherwise, downstream nodes activities will be based on false information, which may lead to false
decision, particularly with contention. In fact, it is possible that the truncated bursts are subject to new
contention, even though the contending segments have been previously dropped or delayed.
When it is accepted, a delayed data segment is transmitted to its egress node through the original
established lightpath. The transmission of a delayed segment is preceded by a control packet created
by the SCU, and sent to all downstream nodes for needed resources reservations.
4. QoS Provision
Using the traffic engineering protocols implemented at the edge and core nodes, a relative QoS
differentiation may be provided over the considered OBS network architecture. As it is illustrated in
the previous chapter, a blocking delay differentiation is provided at the input edge node through the
use of the novel burst assembly and segmentation scheme. In addition, a differentiated traffic loss and
blocking delay can be provided through the use of the proposed QoS-oriented contention resolution
scheme. In fact, in case of contention, the higher priority data segment is switched to the appropriate
output port, whereas the lower priority segment is delayed or dropped if no FDL buffer is available. In
addition, to service differentiation, full class isolation can be ensured over the considered OBS
network architecture through the use of a preemptive Segments-priorities based contention resolution
scheme.
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5. OBS Node Architecture Extension
Because of the pervasive usage of the Internet Protocol (IP), we have found it valuable to extend the
developed OBS node architecture to an OBS/OPS node architecture suitable for packets-based and
bursty traffic switching. The design of the OBS/OPS node architecture has required the extension of
the OBS node architecture and the associated protocols. Mainly, we consider the extension of waiting
unit as well as the input and the output processing units. In addition, we develop a novel signaling
scheme referred to as ATM-like signaling protocol for packets-based traffic switching. Besides, we
adapt the contention resolution scheme for contending packets handling.
We consider a slotted (synchronous) OBS/OPS node architecture allowing a synchronous optical
packet and burst switching. Control and data channels are divided into fixed-size time slots. All
optical packets have the same size that equal to time slot duration (plus appropriate guard band). A
data burst length is equal to some multiple time slot durations. The offset time, as well as the duration
of a burst header packet, is expressed in terms of time slots.
5.1. OBS/OPS Node Architecture
The architecture that we propose for an OBS/OPS node is depicted in Figure 4.2. Compared to the
OBS node architecture (Figure 4.1), we mainly note the extension of the input processing unit, the
waiting unit and the output processing unit.
Input processing unit (IPU): In addition to the optical synchronizer (OS) used for input
packets/bursts synchronization and the EO component used for packets/bursts headers conversion for
electronic processing, the IPU integrates the following components:
- An optical component, which is based on the optical label swapping (OLS) technology [20], is
used to extract the optical header of an incoming packet without payload optical/electrical/optical
conversion;
- An FDL buffer that is used for packet payload buffering during the packet header processing; and

- Two optical gates: an optical packet gate (OPG), and an optical burst gate (OBG) that are used to
treat the packet and the burst at the node entrance.
Waiting Unit (WU): In addition to the FDL buffers used for segments buffering, the WU integrates
FDL buffers for contending packets buffering. Packets FDL buffers have the same length that is equal
to a time slot duration (TS).
Output processing unit (OPU): In addition to wavelength converters used for output ports
contention resolution and the OE component used for packets/bursts headers conversion in the optical
domain after being treated by the SCU, the OPU integrates the following components:

- An OLS component linking a packet header with its associated packet payload; and
- Two optical gates (OPG, OBG) making the transmission of packets and bursts on the
same output channel possible.
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Figure 4. 2: OBS/OPS node architecture

5.2. Packet-based traffic signaling protocol
An ATM-like signaling protocol has proposed for packets-based traffic handling over the considered
OBS node architecture. The proposed protocol is inspired by one used by ATM considering the
efficiency of this technology in terms of network resources utilization and QoS support [75]. It
requires that the transmission of a packet is preceded by the set up of a virtual optical communication
circuit (VOC). Such VOC defines a route between the source and the destination composed by an
association of fiber links and wavelengths along the chosen route, and passing through FDLs. Similar
to an ATM cell [75], a packet is assumed to have a fixed-length payload and optical header.
The signaling protocol mainly considers the following control information:
- Routing information: an optical packet is switched based on the VOPI (Virtual optical path
identifier) and the VOCI (Virtual optical circuit Identifier) values found in the packet header.
VOPI is the identifier of the input optical channel, which is composed of an input port identifier
(IPI) and an input wavelength identifier (IWI). VOCI is the identifier of the optical virtual circuit
allocated in the input optical channel.
- Traffic priority: This specifies the packet priority. It is used during the signaling step for the
needed resources (e.g., wavelength, FDL buffer) reservation, as well as in case of contention
resolution.
- Complementary Information: This specifies several types of information that are useful as the type
of packet (normal/deviated packet) and conformance to traffic contract.
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Lost/erroneous optical packets are assumed to be reinserted in the traffic based on end-user
application timeout, error control, or emulated protocols.
5.3. Contention resolution scheme
In addition to signaling aspect, we have considered the extension of the developed contention
resolution scheme to make the OBS node architecture able to handle contending packets. The
contention resolution mechanism can be presented as follows:
- The contention occurs between two packets: the higher priority packet is directed to its original
output port, while the lower priority packet is routed to another available wavelength. If no
wavelength is available, the packet is stored in one of the available packet FDL buffers. This
packet may be converted into another wavelength if its original wavelength is not available. If no
FDL is available, the packet is dropped.
- The contention occurs between a packet and a burst: That means that the packet is in conflict with
one of the burst segments. In the case where the two units have not the same priority, the higher
priority unit is directed to the intended output port and the other is routed to another available
wavelength. If no wavelength is available, it will be switched to an appropriate FDL buffer if
available. In the case where the two units have the same priority, the segment is directed to its
original output port, while the packet is switched to an appropriate FDL if available or dropped.
6. Simulation and Numerical Results
We have found it useful to evaluate the performance of the proposed OBS node architecture in order
to appreciate its potential contribution. We have also chosen to make this evaluation using simulation
modeling. In the sequel, we will first present the simulated configuration (node configuration, traffic
model, etc.) and some of then most meaningful simulation results.
6.1. Simulation model
- Node configuration: We consider an OBS/OPS node composed of two input and output optical
channels with a transmission capacity equal to 2.5 Gbit/s. The node is assumed to be equipped with
a WU having a large buffering capacity insuring the availability of the needed storage capacity for
any contention resolution. Simulation experiments consider that an input traffic is generated at each
input channel. Moreover, we consider that a received traffic is uniformly distributed between the

output channels of the simulated network node.
- Traffic model: The traffic generated at an input channel is composed of two kinds of traffic units;
optical packets and optical data bursts. The type of a new traffic unit is arbitrary generated based on
a bursty traffic ratio (BTR) input system parameter. The inter-arrival time between two successive
units received on the same input channel is assumed to be exponentially distributed with a mean
value called MTSSU (mean time separating two successive units).
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- Input packets classes: We have found it interesting to consider more than classes for the arriving
packets. Several traffic classes allow in fact the definition of various node behaviors for different
traffic requirements. Without loss of generality, we consider in the simulated configuration four
packets classes, denoted by 0, 1, 2 and 3. Class 0 is the highest one; it has the lowest traffic loss and
transmission delay tolerance. Class 3 is the lowest one. We assume that the input traffic ratios of
individual packet classes are 10%, 20%, 30%, and 40% for class 0, 1, 2, and 3, respectively. It is
also assumed that all packets have the same length of (1250 bytes).
- Burst composition and generation: A burst is composed of an arbitrary number of segments. A
segment is composed of a fixed number (Segl: Segment length) of packets of the same traffic class.
The burst length (Burstl) is assumed to be a random variable that is uniformly generated in the
interval [Min_burstl, Max_Burstl], where Min_Burstl and Max_Burstl are two input system
parameters representing the minimum and the maximum burst length, respectively.
- Performance metrics: Two metrics have been chosen to evaluate the performances of the proposed
OBS node architecture:
 The packets-loss mean rate: The dropped packets ratio among all received packets at the input
of the network. A dropped segment leads to the drop of Segl packets.
 The average packet-blocking delay. The mean value of the blocking delays of all accepted
packets. The blocking of a data segment leads to the blocking of all packets in the segment.
The following input parameters have been considered for performances evaluation: the packet
length (T), a segment length (Segl), the mean time separating two successive units (MTSSU), the
packet maximum WU-visits number (m), the segment maximum WU-visits number (n), and the
bursty traffic ratio (BTR).
- Simulation model accuracy: The validity of the developed simulation model is ensured by the use
of random generators based on the well known generator of pseudo-random uniformly distributed
numbers RAND. Predefined in the programming language C libraries, this generator belongs to a
class of multiplicative linear congruential pseudo-random numbers generators (LC-PRNGs), which
are well proved [72]. In addition to the use of suitable random generators for the generation of the
input traffic units, simulations experiments are conducted using the appropriate sample-size,
calculated using a well used statistical method, which may improve the credibility of the developed
simulation model.
6.2. Numerical Results
Simulation experiments have considered the impact of the above presented system input parameters
on the considered performance metrics. This may be useful when determining the optimal system
configuration to reach a given performance level in terms of traffic loss and blocking delay. The
following sub-sections, present some of the obtained numerical results.
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6.2.1. Traffic loss
Figure 4.3 shows the impact of the mean time separating two successive units (MTSSU) on the
packets-loss mean rate for the four traffic priorities when, T=5.0 µs, Segl=10 packets, BTR = 25%,

m=20 visits, n=2 visits, and a burst length is uniformly distributed in the interval [1,10]. The figure
shows that a service differentiation is guaranteed and a high performance (i.e. low packets-loss) is
ensured for the high-priority traffic classes (class 0, class 1), and an acceptable performance is offered
to the low-priorities traffic classes (class 2, class 3). Moreover, we observe that the packets-loss mean
rate decreases with the increase of MTSSU. This is because the increase of the inter-arrival mean time
will decrease the traffic load, which may reduce the contention probability and so decrease the traffic
loss ratio. Also, the figure shows that the reduction of the traffic load has a significant effect (72%) on
the reduction of traffic loss for low-priority traffic classes (class 2), whereas, it has a minor impact on
the performances of the higher priority traffic class (class 0). This is mainly due to the considered
input traffic ratios of individual packet classes, and the full isolation between traffic classes ensured
by the used preemptive prioritized contention resolution scheme. In fact, a small proportion for
packets of the higher-priority traffic class; class 0 (10%) ensures a very low blocking probability to
such traffic class even though in the case of a high input traffic load; thus, the reduction of the traffic
load will have insignificant effect of the QoS provided to traffic of class 0. On the other hand, the
reduction of traffic load will significantly reduce the contention probability for the lower-priority
traffic class that suffers from a very high blocking probability at high load (preemptive scheme).
Figure 4.4 shows the impact of a packet length (T) on the packets-loss mean rate when,
MTSSU=0.5.T, Segl=10 packets, BTR=25%, m=20 visits, n=2 visits, and a burst length is uniformly
distributed in the interval [1, 10]. Like Figure 4.3, this figure illustrates that a service differentiation is
ensured and a very weak loss rate is guaranteed for a high-priority traffic class (class 0). Also, we
observe that the variation of the time slot duration doesn't have any effect on the packets-loss mean
rate for all traffic priorities. This is because the considered performance metric measures the number
of lost packets and not the quantity of lost information.
Figure 4.5, shows the impact of segment length (Segl) variation on the packets-loss mean rate when,
T=5.0 µs, MTSSU=0.5.T, BTR=10%, m=20 visits, n=2 visits, and a burst length is fixed to one
segment. We observe that, the packets-loss mean rate increases with the increase of Segl. This can be
explained as follows: the drop of a segment, due to a contention resolution, leads the drop of Segl
packets. Hence, the increase of Segl increases the number of dropped packets, and so increases the
packets-loss mean rate. Figure 4.5 illustrates also that a service differentiation may be provided over
the considered OBS network architecture, an insignificant traffic loss is ensured for high-priority
traffic classes (class 0, class 1) and an acceptable performance is offered to the low-priorities traffic;
priorities (2, 3).
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Figure 4. 3: Packets-loss mean rate vs. The mean time separating two successive units

Figure 4. 4: Packets-loss mean rate vs. The time slot duration
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Figure 4. 5: Packets-loss mean rate vs. Segment length

Figure 4.6 plots the packets-loss mean rate versus the bursty traffic ratio (BTR), when T=5.0 µs,
MTSSU=0.5.T, Segl=5 packets, m=20 visits, n=2 visits, and a burst length that is fixed at one
segment. We observe that for the various priorities, as the bursty traffic ratio raises, the packets-loss
mean rate increases. This is because the increase of bursty traffic ratio augments the number of
segments in the generated traffic, which increase the number of segments dropped due to contention
problems that increases the number of dropped packets; thus increases the traffic loss ratio for all
traffic classes. Like previous figures, Figure 4.6 illustrates the capacity of the proposed architecture
and the considered traffic engineering protocol to ensure a service differentiation in terms of traffic
loss. Also, we observe that a very high performance is ensured for the higher-priority traffic class,
which affirm the ability of the considered architecture to support emerging applications with high QoS
constraints in terms of traffic loss.
6.2.2. Blocking delay
Figure 4.7 plots the packet-blocking mean delay versus the mean time separating two successive units
(MTSSU) for the considered traffic priorities, when T=5.0 µs, Segl=10 packets, BTR=25%, m=20

visits, n=2 visits, and a burst length that is uniformly distributed in the interval [1,10]. We observe
that a service differentiation is guaranteed in terms of transmission delay and a high performance (low
packet-blocking delay) is ensured for the high-priority traffic priority (0) and tolerable performance is
provided for the low-priority traffic types (2, 3). The figure shows that the packet-blocking mean
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delay decreases with the increase of the duration of the period separating two successive units. This is
because the increase of the mean time decreases the traffic load on each input channel, which reduces
the contention probability, and so the packet-blocking mean delay.

Figure 4. 6: Packets-loss mean rate vs. Time slot duration

Figure 4.8 shows the impact of packet-length (T) variation on the packet blocking mean delay when,
MTSSU=0.5.T, Segl=10 packets, BTR=25%, m=20 visits, n=2 visits, and a burst length that is
uniformly distributed in the interval [1,10]. This figure illustrates also that a service differentiation is
ensured and a very weak packet-blocking delay is guaranteed for the high-priority traffic class (class
0). We notice that, for all traffic priorities, the increase of the time slot duration increases the packetblocking mean delay. This can be explained as follows. The increase of packet-length increases the
length of the FDL buffers used for contention resolution, and so increases the packet-blocking mean
delay.
Figure 4.9, shows the effect of the segment-length (Segl) variation on the packet-blocking mean delay,
when T=5.0 µs, MTSSU=0.5.TS, BTR=25%, m=20 visits, n=2 visits, and a burst length that is
uniformly distributed in the interval [1,10]. It shows that the packet-blocking mean delay increases
with the increase of segment-length. This is because the increase of the segment length increases the
length of the FDL buffers (Segl . T) used for segments buffering in case of contention, which increases
a segment blocking delay, and consequently the packet-blocking mean delay. Figure 4.9 illustrates
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also that a service differentiation is provided, and a very low blocking delay is ensured for highpriority traffic classes (class 0, class 1).

Figure 4. 7: Average packet-blocking delay vs. The mean time separating two successive units

Figure 4. 8: Average packet-blocking delay vs. Time slot duration
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Figure 4. 9: Average packet-blocking delay vs. Segment length

Figure 4.10 plots the packet-blocking mean delay versus the bursty traffic ratio (BTR), when T=5.0

µs, MTSSU=0.5 .T, Segl=5 packets, m=20 visits, n=2 visits, and a burst length that is fixed at one
segment. We observe that for all traffic priorities, the increase of the burst traffic ratio increases the
average packet-blocking delay. This is can be explained as follows. The storage of a segment
generates a blocking delay equals to (Segl .T) for each packet of the segment. The increase of the burst
traffic rate augments the number of segments in the generated traffic, and so does the number of
delayed segments due to the contention resolution. Therefore, the average packet-blocking delay
increases. Like the previous figures, Figure 4.9 shows that a service differentiation is provided, and a
low packet-blocking delay is ensured for high-priority traffic classes.
6.2.3. Performances analysis: conclusion
The analysis of the above presented numerical results illustrates the capacity of the proposed
OBS/OPS node architecture and the associated signaling and traffic engineering protocols to provide a
service differentiation in terms of traffic loss and blocking delay. This affirms the ability of the
considered architecture to support emerging multimedia applications with various QoS requirements.
Also, figures show that a very low traffic loss and blocking delay is provided to the higher-priority
traffic class (class 0); thus, the ability of the considered architecture to support traffic classes with high
QoS constraints.

90

Figure 4. 10: Average packet-blocking delay vs. Bursty traffic ratio

7. Conclusion
In this chapter, we have proposed a novel OBS node architecture suitable for contention resolution
and QoS provisioning. Based on wavelength conversion and optical buffering techniques, a specific
mechanism has been proposed for contention resolution in an OBS core node. QoS support is
provided using a preemptive Segments-priorities based contention resolution scheme. The proposed
OBS node architecture has been extended for an OBS/OPS node architecture suitable for optical
packet and burst switching. Simulation experiments have been conducted to evaluated the developed
architecture and study its features. Simulation results illustrate that a service differentiation is
guaranteed and a significant low loss and delay is ensured for high-priority traffic.
While it may provide differentiated and optimized services to IP packets, the considered OBS network
architecture is limited to the provision of a relative QoS differentiation. This may be insufficient to
support emerging multimedia applications that require hard QoS guarantees in terms of traffic loss and
blocking delay. In chapter 5, we address the provision of an absolute QoS over the proposed OBS
network architecture.
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Chapter 5:
Absolute Transmission Delay Guarantee in Optical
Burst Switched Networks

1. Introduction
One of the major issues in the development of OBS networks is QoS support that considers how to
provide differentiated service in order to support the various QoS requirements of different
applications [26, 63, 40, 41, 43, 88]. The majority of these schemes are based on a relative QoS model
[24, 25] in which the performance of a given traffic class is defined relatively in comparison to other
classes, which may be inefficient to support emerging multimedia applications with hard QoS
constraints. Thus, new mechanisms allowing an absolute QoS guarantee are needed for a better QoS
provision over an OBS network. In [88], the authors introduce a set of dynamic wavelength sharing
policies to provide absolute QoS guarantees to multiple classes of users of an OBS network in terms
of end-to-end loss. In [25], two mechanisms, referred to as early dropping and wavelength grouping
techniques, have been proposed to provide an absolute QoS guarantee over an OBS network. These
mechanisms are, however, limited to traffic loss handling, and don’t provide any guarantee in terms of
transmission delay. A few works have considered the absolute transmission delay guarantee in OBS
networks, [5]. However several aspects have not been considered in these works. Particularly the use
of fiber delay lines (FDLs), wavelength conversion, and the JET signaling protocol.
In this chapter, we develop a solution to provide an absolute transmission delay guarantee over the
OBS network architecture introduced in the preceding chapter. The proposed solution is mainly based
on the use of a new contention resolution method that is based on dynamic parameters of the observed
traffic instead of static priorities [45, 83]. This fortunately allows a better QoS provision, and the
optimization of resource utilization. The development of the proposed solution has required the
extension of the JET-like signaling protocol [43] to carry control information related to delay
constraints of transmitted data bursts as well as the development of a novel signaling scheme to
control the blocking delay of each traffic unit through the network [45, 83]. In order to validate the
proposed approach and study its features, a performance evaluation study, based on simulation
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experiments, has been realized [45, 83]. Simulation has also considered the impact of some system
parameters on the performance of the proposed architecture. Hence, it investigates some dimensioning
aspects of the proposed OBS network architecture.
The remaining part of this chapter is organized as follows. Section 2 details the developed solution to
provide an absolute transmission delay guarantee over the considered OBS network architecture. It
mainly presents the novel traffic engineering protocol and illustrates its features in terms of signaling
and QoS capabilities. Different simulation experiments have been realized in order to evaluate the
performance the proposed solution and study its features. The main results of these simulations are
presented in Section 3. Section 4 concludes the chapter.
2. Absolute Transmission Delay Guarantee
The provision of an absolute transmission delay guarantee over the OBS network architecture is
mainly based on the development of a novel traffic engineering protocol referred to as ADG (Absolute
Delay Guarantee) protocol [45, 83]. In the following subsections, we first present the basic of the
proposed ADG protocol, and then we detail its features in terms of signaling and QoS capabilities.
2.1. Absolute Transmission Delay Guarantee Protocol
Based on dynamic parameters of the observed traffic, the proposed absolute transmission delay
protocol [45, 83] works as follows:
For every data burst Bi, we first consider the following parameters:
- Bi_BL: the burst length in terms of segments number.
- Bi_MTD: Burst maximum network-wide transfer delay specified in the burst header packet. It
presents the burst QoS constraints in terms of transfer delay.
- Bi_TrD: Burst transmission delay.
- Bi_MBD: Burst maximum network-wide blocking. This parameter is given by the following
expression:

Bi_MBD = Bi_MTD - Bi_TrD

(1)

- Bi_BD: This is the burst network-wide blocking delay. Given that FDL buffers used for
contention resolution have same length, which is assumed to be equal to the segment transmission
time Segtt, this parameter is given as a multiple of Segments.
- Bi_TD: This is the burst network-wide transfer delay. It represents the period of time separating
the arrival of the data burst at the ingress node, and the reception of the last accepted segment of
the burst. It is given by the following expression:

Bi_TD = Bi_TrD + Bi_BD

(2)

Based on the couple of parameters (Bi_MBD, Bi_BL) of a given burst Bi, we can calculate the
maximum network-wide blocking delay of each one of its segments. Let us consider a burst Bi
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composed of N segments: S1, S2,…Si,…SN, where Si is the ith segment of the burst. The maximum
network-wide blocking delay, Si_MBD, of segment Si is given by the following expression:

Si_MBD = (N-i).Segtt + Bi_MBD

(3)

The measured online blocking delay of a given segment Si, Si_BD, is given by the following
expression:

Si_BD = Si_WUV.Segtt

(4)

Where, Si_WUV denotes the number of segment WU-visits through the crossed OBS core nodes.
In case of an output channel contention between two segments Si, and Sj, the SCU compares the
differences (Si_MBD-Si_BD), and (Sj_MBD-Sj_BD). The segment, which has the lower difference
between the maximum and the online blocking delay, is privileged. In case that they are equal, then
the segment of the least tolerant traffic type in terms of traffic loss is privileged.
As it presented in the previous chapter, the developed OBS node architecture combines wavelength
conversion and FDL buffering for contention resolution. When two segments contend for the same
output port and wavelength, the privileged segment is switched to the appropriate output channel,
whereas the other one is routed to another available wavelength. If no wavelength is available, a FDL
buffer is used. If no FDL buffer is available, it is then dropped.
Due to end-to-end transfer delay constraints, a data segment Si is dropped when the measured online
blocking delay, Si_BD, exceeds the maximum network-wide blocking delay.
2.2. ADG protocol: Features
In the following subsections, we discuss the main features of the proposed ADG protocol in terms the
required signaling and the provided performances.
2.2.1. Required signaling
The implementation of the proposed ADG protocol needs the extension of the JET-like signaling
scheme [43] to carry the required upper bound burst transfer delay as well as the burst sensibility level
to traffic loss. The first control information is needed to determine the maximum FDL buffering delay
for each segment of the burst (Si_MBD), which is needed for the implementation of the above
presented contention resolution scheme. Also, the second control information is used for contention
resolution when the conflicting segments have the same delay constraints. As it is shown above, the
implementation of proposed scheme needs that each core node on a burst lightpath must know the
maximum blocking delay and the traffic class each segments of the burst; thus, a lot of control
information to manage. Using a single burst assembly scheme, a data burst is composed of segments
of the same traffic class. This may considerably reduce the amount of control information to consider.
In addition to the extension of the JET-like signaling scheme, the implementation of the proposed
ADG protocol requires the development of a new signaling scheme to control the blocking delay of
each data segment through the network (Si_BD). Following a contention resolution leading to a
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segment buffering at a core node, a control message is created and sent to all remainder nodes to
update the online measured segment blocking delay. This control message is also used to update the
arrival time of the blocked data segment at the input of a downstream node, which is needed for data
traffic switching and network resources allocation management. In addition to blocking delay control,
we need to control segments dropping. Following a segment dropping at a given core node, a control
message is sent to all nodes on the remainder of the burst path. The purpose of this control message is
to avoid virtual contentions with other segments and update the network resources allocation at
downstream nodes; thus a better QoS and more efficient resources utilization. In fact, if a downstream
node is unaware of a segment dropping, the dropped segment will virtually contend with other
segments at a downstream node, which may result in unnecessary segments losses. Upon receiving a
trailing control message, a node attempts to release resources reserved for dropped segment
transmission and update the switch configuration.
2.2.2. Provided performances
In addition to absolute transmission delay guarantee, the proposed ADG protocol provides optimized
resources utilization and ensures a service differentiation in terms of traffic loss. In fact, using the
proposed contention resolution scheme, data segment with higher loss constraints is privileged when
the contending segments have the same delay constraints. This helps the provision of a service
differentiation in terms of traffic loss; thus, the support of different applications with various traffic
loss constraints.
On the other hand, based on the considered contention resolution approach, data segment with the less
difference between the online and the maximum blocking delays (Si_MBD-Si_BD) is privileged. This
may reduce the overall traffic loss and improve the network throughput; hence, the provision of a
more efficient resources utilization in the sense that network resources will be more likely used for
successful transmissions (transmission of accepted data segments).
3. Simulation and Numerical Results
In order to validate the proposed approach and study its effects, a performance evaluation study, based
on simulation experiments, has been realized. We particularly address the evaluation of the capacity of
the developed approach in terms of QoS provision. Also, we consider the impact of some input system
parameters on the performances of the proposed OBS network architecture. Hence, study some
dimensioning aspects of the novel network architecture.
In the sequel, we will first present the simulated configuartion and then we present and analyze some
of the most meaningful simulation results.
3.1. Simulation Model
- OBS network configuration: Figure 5.1 shows the topology of the OBS network on which
simulation is conducted. This network is composed of N core nodes (C1,..,CN) and a set of edge
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nodes (E1,..,E8). The configuration of the network supposes that each core node has two input and
output optical channels with a transmission capacity equal to 10.0 Gbit/s and is equipped of a WU
with a large buffering capability insuring the availability of the needed storage capacity for a
contention resolution. Simulation experiments consider that an input traffic is generated at each
input channel of the nodes C1 and C2. The traffic generated at an input channel of a core node is
supposed to be uniformly distributed between its two output channels. As it is shown in Figure 5.2,
each traffic unit must cross at least two core nodes to reach destination.

Figure 5. 1 : Simulated OBS network configuration

- Traffic model: An input traffic is composed of bursts of different traffic classes. A burst is
composed of a set of fixed-length segments of the same traffic class. A segment is composed of a
fixed number (Segl) of packets of the same traffic class. Packets are assumed to be of the same
length (e.g., 1250 bytes).The inter arrival time between two successive bursts is assumed to be
exponentially distributed with a mean value called MTSSB (mean time separating two successive
bursts).
- Traffic classes: Each traffic class is characterized by some of QoS requirements in terms of traffic
loss and transmission delay. In our case, we have considered three traffic classes, denoted by 0, 1,
and 2. Class 0 is the most coercive traffic class. We assumed that the input traffic ratios for traffic
classes 0, 1, and 2 are fixed to 40%, 20%, and 40%, respectively.
- Performance metrics: Two metrics have been chosen to evaluate the performances of the
considered OBS network architecture: the average network burst transmission delay and the traffic
loss mean rate. The following input parameters have been considered for the performance
evaluation: the mean time separating two successive bursts, a burst length, the segment length, the
number of traffic classes, and the number of the network core nodes (N).
- Simulation model accuracy: As it is mentioned above, the validity of the developed simulation
models is ensured by the use of random generators based on the well-known pseudo-random
numbers generator RAND. RAND belongs to a class of multiplicative linear congruential pseudorandom numbers generators (LC-PRNGs), which are well proved [72]. In addition to the use of
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suitable random generators, simulations experiments are conducted using appropriate sample-sizes;
thus improving the credibility of the developed simulation model.
3.2. Numerical Results
In this subsection, we present some of the collected simulation results to illustrate the ability of ADG
protocol. We also show how key input parameters affect the performance of the OBS network
architecture. Hence, study some dimensioning aspects of the novel network architecture. Moreover,
we compare the performances of the novel traffic engineering protocol to those provided by a classic
priorities-based QoS provisioning scheme. This is why we kept talking in this chapter about classes.
In order to reduce the simulation configuration, we have considered experimental values for different
system input parameters. Our choice in reducing the complexity of the simulation configuration was
only commanded by the limitation of computing resources we have on hand. For all simulation
experiments, we have considered the following configuration: a packet length (T) is equal to 1µs, and
the maximum network-wide blocking delays for traffic types 0, 1, and 2 (MBD_T0, MBD_T1,
MBD_T2) are fixed to (10µs, 30µs, and 50µs).
3.2.1. Absolute transmission delay guarantee
Figure 5.2 shows the impact of the mean time separating two successive bursts (MTSSB) on the
average end-to-end burst transmission delay when, the number of network core nodes is fixed to 4
nodes, a segment legth (Segl) is fixed to 5 packets, and a burst length (Burstl) is equal to 10 segments.
The figure shows that for different values of the MTSSB parameter, and for the different traffic
classes, the end-to-end burst transmission delay is lower than the required maximum network-wide
transmission delay. This figure illustrates the capacity of the proposed OBS network architecture to
provide an absolute network burst transmission delay guarantee. The figure shows also that, for the
different traffic classes, the end-to-end burst transmission delay, decreases with the increase of the
duration of the period separating two successive bursts. This is because the increase of the mean inter
arrival time decreases the traffic load on each input channel, which reduces the contention probability,
and so the burst blocking delay.
Figure 5.3 plots the average end-to-end burst transmission delay versus a segment length (Segl) when,
N=4 nodes, MTSSB=10.Segl.T, and Burstl=10 segments. This figure confirmes also that and absolute
network burst transmission delay guarantee can be ensured through the proposed OBS network
architecture. The figure shows also that the end-to-end burst transmission delay increases with the
increase of Segl. This is because the increase of the segment length increases the length of the FDL
buffers (Segl . T) used for segments buffering in case of contention, which enhances segment blocking
delay, and burst transmission delay.
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Figure 5. 2 : Average end-to-end transmission delay vs. Mean time separating two successive bursts

Figure 5. 3 : Average end-to-end delay vs. Segment length

Figure 5.4 presents the effect Burstl variation on the average network burst transmission delay when,
N=4 nodes, Segl=5 packets, and MTSSB=50µs. It shows that the end-to-end burst transmission delay
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increases with the increase of Burstl. This is because the increase of the burst length increases the
burst propagation delay, and so the end-to-end transmission delay.

Figure 5. 4 : Average end-to-end delay vs. Burst length

3.2.2. Traffic loss differentiation
Figure 5.5 shows the impact of MTSSB on the traffic loss mean rate for three traffic classes when,
N=4 nodes, Segl=5 packets, and Burstl=10 segments. We observe that the traffic loss mean rate
decreases with the increase of MTSSB. This corresponds to the traffic charge decrease, and so to the
decrease of the contention probability. The figure illustrates that in addition to the absolute delay
guarantee, a relative traffic loss differentiation may be provided by the proposed OBS network. It also
shows that the lower traffic loss is offered to the traffic class with the higher end-to-end delay
tolerance.
Figure 5.6 shows the impact of Segl on the end-to-end burst transmission delay when, N=4 nodes,
MTSSB=10.Segl.T, and Burstl=10 segments. This figure confirmes also that a relative QoS
differentiation in terms of traffic loss may be provided by ADG protcol. The figure shows that a vey
low traffic loss may be offered to traffic classes with high end-to-end delay tolerance (class 2), and an
acceptable performance is offered to a traffic class with lower delay tolerance (class 0). We observe
that, for all traffic classes, the variation of Segl does not have any effect on the traffic loss mean rate.
This is because the considered metric measures the number of lost segments and not the amount of
lost information.
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Figure 5. 5 : Traffic loss mean rate vs. Mean time separating two successive bursts

Figure 5. 6 : Traffic loss mean rate vs. Segment length

Figure 5.7 plots the traffic loss mean rate versus Burstl when, N=4 nodes, Segl=5 packets, and
MTSSB=50µs. We observe that for all traffic classes, as Burstl arises, the traffic loss mean rate
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increases. This is because the increase of Burstl increases the contention probability, and so the traffic
loss ratio. In addition to previous figures, Figure 8 illustrates that a traffic loss differentiation may be
provided and the lower traffic loss is usually provided to traffic class with the higher end-to-end delay
tolerance.

Figure 5. 7 : Traffic loss mean rate vs. Burst length

3.2.3. ADG Protocol vs. Priorities-based Scheme
For the sake of a better study of the developed ADG protocol, we have found it useful to compare its
performances to those provided by a classic priorities-based QoS provisioning scheme, in which
decisions in case of contentions are made based on the contending traffic units (or segments) priorities
and the priority is usually given to the traffic unit with the high priority level.
Figure 5.8 compares the performances of the proposed tarffic enginneering protocol in terms of endto-end burst transmission delay to those provided by the priorities-based scheme when, N=4 nodes,
Segl=5 packets, and Burstl=10 segments. The figure shows that the average end-to-end burst
transmission delay provided by the priorities-based scheme is lower than the average network
transmission offered by ADG protocol. This can be explained as follows. In order to reduce the traffic
loss, ADG protocol favors, in case of contention, the traffic unit that has the lower difference between
the online and the maximum blocking delay. This increases the average segment-blocking delay, and
thus increases the average network-wide burst transmission delay.
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Figure 5. 8 : Transmission delay: ADG protocol vs. Priorities-based scheme transmission delay

Figure 5.9 compares the performances of the proposed ADG protcol in terms of traffic loss to those
provided by the priorities-based scheme when, N=4 nodes, Segl=5 packets, and Burstl=10 segments.
The figure shows that, the proposed traffic engineering protocol provide a better QoS for the lowerpriority traffic class (class 2). This can be explain as follows. Using the proposed traffic engineering
protocol, a segment of class 2 can be previledged in case of contention with higher-priority segment
(segment of class 0 or class 1). However with the priorities-based scheme, a segment of lower priority
doesn't have any privilege. We also observe that, the priorities-based scheme provide a better QoS for
the higher-priority class. This is because unlike the ADG protocol, the priorities-based scheme, ensure
a full privilege for the higher-priority traffic durant contention resolution, and resources reservation
conflicts.
3.2.4. Network dimensioning
In addition to the above presented simulation results, we addressed the impact of the number of traffic
classes, and the number of network nodes on the performance of the proposed architecture. Hence,
study some dimensioning aspects of the proposed OBS network architecture. Figures 11 and 12 study
the effect of the network nodes number.
Figure 5.10 illustrates the average end-to-end burst transmission delay versus the number of crossed
nodes (N÷2) when, MTSSB=10µs, and Burstl=10 segments. The figure shows that the end-to-end
burst transmission delay increases with the increase of the number of crossed network nodes. This is
because the growth of the number of crossed nodes increases the probability that a contention problem
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will be encountered, which increases the end-to-end blocking delay, and thus forces the network burst
transmission delay to go up. Despite this increase, the figure shows that a burst transmission delay is
usually lower than the required maximum end-to-end transmission delay, which illustrates the
capacity of ADG protocol to guarantee of an absolute transmission delays.

Figure 5. 9 : Traffic loss: ADG protocol vs. Priorities-based scheme

Figure 5.11 shows the impact of the number of crossed network nodes on the traffic loss mean rate for
three traffic classes when, Segl=5 packets, and Burstl=10 segments. We observe that the traffic loss
mean rate increases with the growth of the number of crossed network nodes. This is because the
increase of the number of crossed nodes increases the probability that a contention problem will be
met.
In order to study the impact of the number of traffic classes, simulation experiments have been
conducted considering different numbers of traffic classes. In our case, we have considered ten traffic
classes denoted by Class-I, I=0,…,9. Class 0 is the most constraining traffic class. We assumed that
the required maximum end-to-end blocking delay for Class-i is fixed to (10.i)µs, for i<9. For all
experiments, we have assumed that an input traffic is uniformly distributed between the considered
traffic classes. In the sequel, we present a part of the numerical results.
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Figure 5. 10 : Impact of the number of network node on the end-to-end transmission delay

Figure 5. 11 : Impact of the number of nodes on traffic loss

Figures 5.12-5.14 show the impact of MTSSB on the traffic loss mean rate when two (0, 9), three (0, 1,
9), and five (0, 1, 2, 3, 9) traffic classes are considered, N=4 nodes,T=1µs, Segl=5 packets, and
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Burstl=10 segments. The analysis of the numerical results shows that the insertion of new traffic
classes causes the increase of the traffic loss mean rate for Class-0 and Class-9. This can be explained
as follows. The insertion of Class-1, and then Class-2 and Class-3, forces the increase of the ratio of
input traffic with low end-to-end delay tolerance, and so decrease the ratio of the traffic class with the
higher delay tolerance (class 9). This may increase the probability of contention between traffic units
with low end-to-end delay tolerance (Class-0 and Class-1), and the probability of contention between
a traffic unit of Class-9 and a traffic unit, which require a low end-to-end delay transmission. Hence,
increase the blocking probability.
Figures 5.15-5.17 presnt the effect of MTSSB variation on the end-to-end burst transmission delay
when two (0, 9), three (0, 1, 9), and five (0, 1, 2, 3, 9) traffic classes are considered, such that N=4
nodes,T=1µs, Segl=5 packets, Burstl=10 segments. The observation of these figures shows that the
insertion of new traffic classes increases the end-to-end burst transmission for Class-0 and Class-9.
This is because the progressive insertion will increase the ratio of input traffic with low end-to-end
delay tolerance, and so decreases the ratio of the traffic class with the higher delay tolerance. This will
increase the probability of contention between two traffic units with a low end-to-end delay tolerance
(class-0, class-1), and the probability of contention between a traffic unit of class 9 and a traffic unit
witch require a low end-to-end delay transmission.

Figure 5. 12 : Impact of traffic class number on the traffic loss: Two traffic classes
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Figure 5. 13 : Impact of traffic class number on the traffic loss: Three traffic classes

Figure 5. 14 : Impact of traffic class number on the traffic loss: Five traffic classes
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Figure 5. 15 : Impact of traffic class number on the end-to-end transfer delay: Two traffic classes

Figure 5. 16 : Impact of traffic class number on the end-to-end transfer delay: Three traffic classes
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Figure 5. 17 : Impact of traffic class number on the end-to-end transfer delay: Five traffic classes

Other simulation experiments have been conducted to study the impact of the insertion of the other
considered traffic classes on the QoS provided. However, the associated results are note presented in
this chapter. They all confirm the results obtained with the aforementioned figures.
4. Conclusion
In this chapter, we have developed a novel approach to provide an absolute transmission delay
guarantee over the OBS network architecture introduced in Chapter 4. A simulation model has been
developed to evaluate the performance of the novel network architecture and study its features.
Simulation results illustrate that an absolute transmission delay guarantee may be provide over the
proposed OBS network architecture. Simulation experiments have been also conducted to show the
impact of some system parameters on the performance of the proposed architecture. Hence, study
some dimensioning aspects of the proposed OBS network architecture.
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Chapter 6:
Optical Burst Switched Networks: Modeling and
Theoretical Analysis

1. Introduction
In this chapter we focus on the development of analytic models to help an efficient theoretical analysis
of the introduced schemes. First, we propose an analytic model developed to analyze the performances
of the OBS node architecture introduced in Chapter 4. Mainly, we address the analysis of the
developed OBS/OPS node architecture based on a queuing network system and a new conservation
law [76, 77, 41]. Two performances metrics are considered: the packets-loss mean rate and the
packet-blocking mean delay as discussed in Chapter 4. The proposed model is validated through
simulations. A good agreement is shown between the analysis and the simulation results, which
validates the accuracy of the developed model.
In addition to the OBS node architecture modeling, we address the analysis of the developed OBS
network architecture when it implments the dynamic parameters based traffic engineering scheme
(Chapter 5). First, we consider the modeling of an OBS network node. A queuing network system is
developed and then analyzed using a new conservation law [78]. In addition to performance analysis,
we also analyze the blocking probabilities due to resources

(FDLs buffers, wavelengths)

unavailability [70, 46, 83]. The proposed model is then generalized at a path level. An analytic model
is developed for an OBS network path analysis. Besides, we make clear that based on the queueing
network systems developped for node and path modeling, an analytic model can be easily developped
for a theoretical analysis of the considered OBS network architecture.
The remaining part of this chapter is organized as follows. Section 2 presents a queuing network
system developed for the analysis of the OBS/OPS node architecture. Section 3 focuses on the
analysis of the OBS network architecture introduced in chapter 5 at a node, path and network levels.
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2. OBS/OPS node modeling
Before presenting the developed analytic model, we present in the following subsection the notations
and modeling notations.
2.1. Modeling assumptions
We consider a system with N traffic classes labeled 0,1,..,N-1, in a decreasing priority order. The
traffic of each class is composed of two varieties of fixed-length traffic units; packets and segments. A
segment is composed of a fixed number of optical packets of the same traffic class. Let T, Segl and
STR denote a packet length, a segment length and the segments-traffic ratio, respectively. Let m and n
denote respectively a packet and a segment maximal WU-visits number. Let PCi,j, 0≤j≤m, represents
the traffic sub-class consisting of packets of class i which have been switched j times to the WU , and
let SCi,j,0≤j≤n, be the segments of class i, that has visited WU for j times. PCi,0 and SCi,0 represent the
new arriving packets and segments of class i.
Moreover, we assume that arriving packets and segments of class i that are addressed to a specific
output port of a node follow Poissonian processes with respectively rate λi and rate γi. Let k be the
number of wavelengths available at each output port, and let us assume that each OBS/OPS node is
equipped with a WU with a large buffering capability, insuring a permanent availability of the needed
storage capacity required by any contention resolution. Optical units addressed to a given output port
are transmitted with their priorities and integrate the adequate traffic sub-classes. Finally, we denote
by pi,j be the blocking probability of a packet of the PCi,j traffic sub-class, and qi,j the blocking
probabilities of a segment of the traffic sub-class SCi,j.
2.2. Analytic model
Once the above assumptions are made, it becomes easy to model an output port at an OBS/OPS node.
This model, which is depicted by Figure 6.1, is an open queuing network system composed of two
stations. Station 1, which represents the output port transmission unit, has an M/D/k/k preemptive
priority type. Station 2, which represents the waiting unit, has a M/D/∞ type. The whole system is
assumed to handle N.[(m+1)+(n+1)] customers classes corresponding to the N.(m+1) packet subclasses and the N.(n+1) segment sub-classes.

112

Figure 6. 1: OBS/OPS node modeling

Let us consider the path followed by a customer (i.e., packet, segment) through the queuing network.
Let suppose that the arriving customer is a packet of class i (i.e. an element of sub-class PCi,0. This
customer can be serviced immediately or be blocked. In the first case, a transmission server at station
1 is allocated to this customer during a fixed service time T (equal to the packet length). Then the
customer leaves then the system. In the second case, the customer is sent to station 2 where it will be
served during a deterministic service time T (packet length). Once its service at station 2 is completed,
it moves to node 1 as a customer of the traffic sub-class PCi,1. It tries again to get a transmission server
at station 1; and so on, until it succeeds to get hold of a transmission server at station 1 or it is
dropped.
Let note that each time that the customer returns to station 1, its traffic sub-class is updated according
to the previous definition PCi,1 PCi,2,… PCi,n. . Because upper bound is fixed in terms of packet and
segment WU-visits number, a customer of the traffic sub-classes: PCi,m and SCi,n which cannot seize
one transmission server at the transmission unit will be dropped.
2.3. Model analysis
Two metrics have been chosen to evaluate the OBS/OPS node performances: the packets-loss mean
rate (PLMR) and the packet-blocking mean delay (PBMD). In the following subsection, we present the
analysis of these performance metrics.
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2.3.1. Performances metrics analysis
Let PLMRi and PBMDi denote the packet loss mean rate and the packet-blocking mean delay for the
traffic class i, 0≤i≤N. Based on the proposed queuing network model, we could establish the following
expressions for evaluating the considered performance metrics for the traffic class i.
Proposition 1:

PLMR

PBMD

i

i

=

m

n

j=0

j=0

( 1 − STR) .∏ p i,j + STR .Segl .∏ q i,j
(1)

( 1 − STR) + STR * Segl

j −1
m
m

p
p
 (1 − STR ) .(1 − ∏ i,j ) ∑ j.T. (1 − i,j ) .∏ p i,k
k =0

j =1
j=0
= 
((1 − STR ) + STR.Segl ).( 1 − PLMR i )



j −1
STR.Segl .(1 − ∏ q i,j ) ∑ j.T.Segl .( 1 − q i,j ) . ∏ q i,k
j =1
j=0
k =0
+
((1 − STR ) + STR.Segl ).( 1 − PLMR i )
n

n









(2)

The above expressions can be established as follows: We consider a sample of C traffic units of class i
destined to the same output port of an OBS/OPS node. This set of traffic units is composed by
(C.STR) segment-units and ((1-STR).C) packet-units. Let PLPi and SLPi denote respectively the loss
probability of a packet-unit and a segment-unit of class i. Based on the above presented analytical
model, PLPi and SLPi can be expressed as follows:
m

PLP i = ∏ p i,j
j=0

n

;

SLP i = ∏ q i,j
j =0

(3)

The aforementioned expressions can be explained as follows: a traffic unit (packet, segment) is
dropped if it exceeds the FDL delay threshold (i.e., the maximal WU-visits number). We notice that
these expressions are insensitive to the traffic model. Here, we assume that the traffic model is
Poissonian, justly to make the analysis of the developed model easier.
Let TPNi be the total number of packets transported by the considered flow of class i. We have:

TPN i = ( 1-STR) .C + Segl .C .STR
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(4)

Let TLPNi be the total number of lost packets among the total arrived packets of class i. TLPNi is
given by the following expression:

TLPN i = C .( 1 − STR) . PLP i + C .STR .Segl . SLP i

(5)

Substituting PLPi and SLPi by their expressions in (3), we can rewrite expression (5) as follows:
m

n

j =0

j =0

TLPN i = C .( 1 − STR) .∏ p i , j + C .STR .Segl .∏ q i , j

(6)

By definition, we have:

TLPN i
TPN i

PLMR i =

(7)

Substituting TPNi and PLPNi by their expressions in (4) and (6), we obtain the expression of the
PLMRi as it is presented in (1). Let now PUBMDi and SUBMDi denote the blocking mean delay of an
accepted packet-unit and an accepted segment-unit of the traffic class i. PUBMDi and SUBMDi are
given by the following expressions:

PUBMD i =

j −1

m

j.T.( 1 − p i,j ).∏ p i,k

∑

SUBMD i =

n

∑

j =1

(8)

k =0

j =1

j −1

j.T.Segl .( 1 − q i,j ).∏ q i,k

(9)

k =0

Expression (8) can be explained as follows: a packet of class i can be delayed j times, where 0≤j≤m.
The probability, Bi,j, that a packet of class i is delayed j times, is given by the following expression:
j −1

B i,j

=∏

k =0

p i,k

(10)

Expression 9 can be explained in a similar manner.
Let SPBDi be the sum over all accepted packets among all packets transported by the considered flow
of the packet blocking delay. SPBDi is given by the following expression:

SPBD i = C.( 1 − STR).PUBMD

i

+ Segl.C.ST R.SUBMD
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i

(11)

Substituting PUBMDi and SUBMDi by their expressions in equation (8), we can rewrite the expression
of equation (9) as follows:
j −1
m

SPBD i = C .(1 − STR ).∑ j.T.( 1 − p i,j ).∏ p i,k
k =0
j =1

j −1


+ Segl .C .STR .∑ j.T.Segl .( 1 − q i,j ).∏ q i,k 
k =0

j =1
n

(12)

Let TAPNi denotes the total number of accepted packets among all packets transported by the
considered flow of class i. TAPNi is given by the following expression:

TAPN i = TPN i . ( 1 − PLMR i )

(13)

Substituting TPNi by its expression in equation (4), we obtain:

TAPN i = ((1-STR ).C + Segl .C .STR ) . ( 1 − PLMR i )

(14)

By definition, we also have:

PBMD i =

SPBD
TAPN

i

(15)

i

Substituting SPBDi and TAPNi by their expressions in (11) and (13), we obtain the expression of the
PBMDi as it is presented in expression (2).
As it is shown in the established expressions of the considered performances metrics, we notice that
the evaluation of these performance metrics requires the analysis of the blocking probabilities for the
considered traffic sub-classes (pi,j, 0≤j≤m, qi,j, 0≤j≤n).
2.3.2. Blocking probabilities analysis
The analysis of the considered blocking probabilities has been conducted based on the use of a new
conservation law [78], which was initially proposed for the evaluation of burst blocking probabilities
in an OBS network with multiple priority classes, unequal mean burst lengths, and in the presence of
pre-emption scheme. A brief presentation of such new conservation law is presented in the following
subsection.
a) New conservation law
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The new conservation law [78] was proposed to evaluate the burst blocking probabilities in an OBS
network with multiple priority classes, unequal mean burst lengths, and in the presence of the preemption scheme. It constitutes an extension of the original conservation law [78], which was intended
for multiple priority classes with equal mean burst length. It considers a single OBS node of an OBS
network with n classes of bursts labeled as 1,2,…,n, in a decreasing order of priority. It assumes that
for a given output port of the OBS switch, the burst arrival process of class i is a Poisson process with
rate λi, and the burst length of class i (Li) is an exponential random variable of rate µi=1/E (Li), where
E (Li) denotes the expected values of Li.
The bursts are served in order of priority and for each class in the order of their arrivals. When all the
channels at a given output port are busy, a new arriving burst of any class will preempt one of the
lowest class, if any, or will be blocked otherwise. Sine the burst lengths are exponentially distributed
the results for preemptive resume and preemptive non-resume [12] will be identical.
This new conservation law provides an exact model for burst blocking probabilities by taking into
account the effects of blocking and preemption on the mean overall service time, and can be presented
as follows:
Let us first define the following variables:
- k: the number of channels used at each output port;
- ρi=λi/µi : the offered load of class I;
- ai: the overall offered load of classes 1,…, i;
- Bi: the blocking probability of class i due to lack of wavelengths;
- Fi: the preemption probability of class i by classes 1,…,(i-1);
- Pi: the blocking probability of class i;
Under the above preemptive service discipline, the probability that a burst of class 1 (i.e., the highest
priority class) is blocked is given by the well-known Erlang-B formula.

P1 = B1 = E ( ρ 1 , k ) =

ρ 1k k !

i=k

∑

i=0

ρ 1i

(16)

i!

The probability of a burst of class i, i≥2, is given by the following [78]:
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P i = Bi + F

i

i −1

∑
B i = E ( a i ,k) ;

a i = 


i

∑

j =1

F

i

=


 i

∑
 k =1




λ j 


λ

j

j =1

( B i − B i − 1 ) , where

λi

λk ( 1 − B k )
i

∑

j =1

λ

j

(1− B

j

)



1 
µk 




(17)

b) Blocking probabilities analysis
In order to analyze the blocking probabilities of the different traffic sub-classes of our analytical
model, we follow the analysis based on the above presented new conservation law. We recall that we
consider N.(m+1)+N.(n+1) traffic sub-classes labelled and ordered in a decreasing order of priority as
follows:
SC0,0, ..…, SC0,j,.….., SC0,n, PC0,0, ….., PC0,j,….., PC0,m,
…………………………………………………………………..,
SCi,0, ..…, SCk,j,…..., SCk,n, PCk,0, ..…, PCk,j,..…, PCk,m,
…………………………………………………….…………….,
SCN-1,0,…, SCN-1,j,….,SCN-1,n, PCN-1,0,…,PCN-1,j,…,PCN-1,m,
Let λi,j and ρi,j denote the arrival rate and the traffic intensity of the traffic sub-classes PCi,j, 0≤i≤N-1,
0≤j≤m. λi,j and ρi,j are given by the following expressions:
j −1

λ i,j = λ i, 0 .∏

k =0

p i,k , 1 ≤ j ≤ m ;
(18)

λ i, 0 = λ i
j −1

ρ i,j = T. λ i,j = ρ i, 0 .∏ p i,k ,1 ≤ j ≤ m ;
k =0

ρ i, 0 = T. λ i, 0 = T. λ i

(19)

Let γi,j and ϕi,j denote the arrival rate and the traffic intensity of the traffic sub-classes SCi,j,0≤i≤N-1,
0≤j≤n. γi,j and ϕi,j are given by the following expressions:
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γ

i,j

j −1

= γ

i, 0

γ

.∏ q
k =0

i, 0

= γ

, j ≥ 1 ;

i,k

(20)

i
j −1

ϕ i,j = Segl .T. γ i,j = ϕ i,0 .∏ q i,k , for j ≥ 1 ;
k =0

ϕ i,0 = Segl .T. γ i,0

(21)

Let BPi,j and FPi,j, 0≤i≤N-1, 0≤j≤m, denote the blocking probability due to lack of transmission servers
(wavelengths) and the preemption probability of the traffic sub-class PCi,j by higher priorities traffic
sub-classes. Let BSi,j and FSi,j, 0≤i≤N-1, 0≤j≤n, denote the

blocking probability due to lack of

wavelengths and the preemption probability of the traffic sub-class SCi,j by the traffic sub-classes of
higher priorities.
Given that a preemptive priority service discipline is assumed for traffic units transmission, and SC0,0,
is supposed to be the highest priority traffic sub-class, the blocking probability of the traffic sub-class
SC0,0, q0,0, is given by the following expression:

q 0 , 0 = E (ϕ 0 , 0 , k ) =

ϕ 0k , 0 k !
i=k

∑ϕ
i=0

i
0 ,0

(22)

i!

Based on the above presented new conservation law, equation (7), we could establish the following
expression for the analysis of q0,j, the blocking probability of the traffic sub-class SC0,j, 1≤j≤n:

q 0 ,j = B 0s ,j + F 0s ,j
j −1

j

∑ γ 0 ,i

i=0

γ 0 ,j

B 0s ,j = E ( ∑ ϕ 0 ,i ,k ) , F 0s ,j =

i=0

. ( B 0s ,j − B 0s ,j −1)

(23)

Similarly, we can establish the expression of p0,0, the blocking probability of the traffic sub-class
PC0,0, which represents the highest priority packets sub-class.
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p 0 ,0 = B 0P,0 + F 0P,0
n

∑

k =0

P
P
B 0 ,0 = E( a 0P,0 ,k) , F 0 ,0 =

γ 0 ,k

λ 0 ,0

( B 0P,0 − B 0S ,n )

(24)

Where,
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(25)

Following the same way, we can analyze the blocking probability of the traffic sub-class PC0,j, 1≤j≤m.
p0,j is given by the following expression:
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j
p 
s
γ0, l .(1 − B 0 ,l ) + ∑ i =0 λ0 ,i . (1 − B 0 ,i ) 

In the above, we have presented the expressions established for the analysis of the blocking
probabilities of the different traffic sub-classes of the traffic class 0. Following the same way, we can
analyze the blocking probabilities of the different traffic sub-classes of each traffic class i, 1≤i≤N-1.
Proposition 2:
Let qi,j, (1≤i≤N-1, 0≤j≤n), denotes the blocking probability of the traffic sub-class SCi,j.
• qi,j, (1 ≤ j): given by the following expression:
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• qi,0: given by the flowing expression:
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Let pi,j, (1≤i≤N-1, 0≤j≤m) denotes the blocking probability of the traffic sub-class PCi,j.
• pi,j, (1 ≤ j≤m): given by the following expression:
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• pi,0 is given by the next expression:
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2.4. Model Accuracy
In order to validate the developed analytic model, we have considered the comparison of the oabtained
analytic results to numerical results obtained from the simulation model developed in chapter 4. A
good agreement between the analytic and simulation results across a wide range of system parameters
has been seen [76, 41]. In the following, we present a part of the obtained numerical results and we
conclude concerning the accuracy of the developed analytical model.
Figures 6.2 compares the analytic and simulation results for the impact of mean time separating two
successive units (MTSSU) on the packets-loss mean rate when, we fix the bursty traffic ratio (BTR) to
100%, a packet-length (T ) to 5 µs, a segment-length (Segl) to10 packets, and the segment maximum
WU-visits number (n) to 2 visits. We observe that, for all traffic classes, the packet-loss mean rate
obtained through the developed analytic model match with the simulation results. This illustrates the
accuracy of the developed analytic model.

Figure 6. 2: Packets-loss mean rate vs. Mean time separating two successive units

Figure 6.3 compares the obtained analytic results to simulation results for the effect of MTSSU on the
packet blocking mean delay, when BTR=0%, T = 5 µs, and the packet maximum WU-visits number
(m) is fixed to 20 visits. The figure shows that for all traffic classes, the average packet-blocking
delay obtained throughout the analytic model match with the simulation results; thus the accuracy of
the developed theoretical model.
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Figure 6. 3: Average packet-blocking delay vs. Mean time separating two successive units

The observation of figures 6.2 and 6.3 shows a good agreement between the analysis and simulation
results in the case when a single traffic-units type is present (BTR=100%, BTR=0%). This validates
the accuracy of the developed analytical model in this particular case of traffic composition.
In order to verify the accuracy of our model in the general cases (i.e., presence of packets and bursts),
a low complex configuration (m=n=1) has been analyzed, where the two considered traffic-units types
are present. Our choice in reducing the complexity of the simulation configuration was only
commanded by the limitation of computing resources we have on hand.
Figures 6.4 and 6.5 present the numerical results obtained for the above mentioned configuration,
where we fix BTR=25% (meaning the presence of packets and bursts), T=5.0µs, Segl=5, and
Burstl=5. The figures show that the analytic results are close to the results obtained from simulation.
This validates the accuracy of the developed analytic model for a general configuration of the OBS
node architecture.
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Figure 6. 4: Packets-loss mean rate vs. Mean time separating two successive units where
N=4, m=n=1, and BTR=25%

Figure 6. 5: Average packet-blocking delay vs. Mean time separating two successive units where
N=4, m=n=1, and BTR=25%
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3. OBS Network Modeling
In the following of this chapter, we address the modeling of the OBS network architecture when it
implements the dynamic parameters based traffic engineering scheme. We start modeling an OBS
network node. Then, we try to generalize the developed model at a path and network level.
3.1. Modeling at a node level
3.1.1. Assumptions and notations
We consider a network system with N traffic types labeled 0,1,…, N-1. A traffic type is characterized
by a set of QoS constraints in terms of traffic loss and transfer delay. Traffic type 0 is assumed to be
the most constraining. A data burst of a given traffic type is composed of a set of fixed-length
segments of the same traffic type. The arrival of segments of type i that are addressed to a specific
output port of an OBS node is assumed to be Poissonian with rate λi. Let k be the number of
wavelengths available at each output port, and d the buffering capacity of the waiting unit. As it is
mentioned in the previous chapter, due to transfer delay constraints, a threshold corresponding to a
maximum network-wide blocking delay is imposed for each segment of a data burst.
For the sake of simplicity, we assume that the same blocking delay threshold is considered for all
segments of a data burst. Therefore, the same threshold (declared in terms of WU-visits number) is
considered for all segments of a given traffic type. Let mi, 0≤i≤N-1, denotes the WU-visits number
threshold for type i segments. Let STi,j, 0≤i≤N-1, 0≤j≤mi, represents the traffic sub-type consisting of
segments of type i which have been switched j times to the WU. STi,0 represents the new arriving
segments of type i. Let λi,j, 0≤i≤N-1, 0≤j≤mi, denotes the arrival rate of STi,j data segments. Let Bi,j be
the blocking probability due to the lack of wavelengths of a STi,j data segment, and Fi,j the blocking
probability due to the unavailability of a buffering unit. Finally, we denote by γi,j, 0≤i≤N-1, 0≤j≤mi,the
departure rate of STi,j data segments.
3.1.2. OBS node modeling

Once the aforementioned assumptions are made, it becomes easy to model an output port of the
considered OBS node architecture. The model, which is depicted by Figure 6.6, is an open queuing
network system composed of two stations. Station 1, which represents the output port transmission
unit has a M/D/k/k preemptive priority type. Station 2, which represents the waiting unit, has a
M/D/d/d type. The whole system is assumed to handle a different customers classes. Each customers
class correspond to one of the considered traffic sub-types STi,j.
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Figure 6. 6: OBS node architecture modeling

Let us consider the path followed by a customer through the proposed queuing network model. Let
suppose that the arriving customer is a segment of type i, i.e., a customer of class STi,0. This customer
can be serviced immediately or be blocked. In the first case, a transmission server is allocated to this
customer during a fixed service time Segtt ( a sgment transmission time), the customer leaves the
system. In the second case, the customer is sent to station 2, where it can be serviced immediately or
be dropped (a queueing station without a waiting room). In the first case, a buffering unit is allocated
to this customer during a service time Segtt. Then, the customer moves to station 1 as a customer of
class STi,1. It tries again to get a transmission server at station 1; and so on, until it succeeds to get
hold of a transmission server at station 1 or it is dropped.
Let note that each time the customer returns to station 1, its class is updated according to the previous
definition STi,1 STi,2,…STi,mi. Because upper bounds are fixed in terms of WU-visits numbers, a
customer of the class STi,mi, 0≤i≤N-1, which cannot seize one transmission server at station 1 will be
dropped.
3.2. Modeling at a path level
We consider a network path of length L from an ingress OBS node N1 to an egress OBS node NL: (N1,
N2,…, NL). Arriving segments of type i at the input of the considered path (node N1) is assumed to be
Poissonian with rate λi. A data segment can be successfully transmitted through the considered path,
or be dropped before reaching its destination due to contention problems. As it is mentioned above, a
threshold corresponding to a maximum network-wide blocking delay is imposed for each data
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segment. Let mi, 0≤i≤N-1, denotes the maximum network-wide WU-visits number for a type i data
segment. STi,j, 0≤j≤mi, represents segments of class i which have been delayed j times through the
considered path. Let λi,j n, and γi,j n, 0≤j≤mi, 1≤n≤L, denote the arrival and the departure rate of STi,j data
segments at node n. Let Bi,j n, denotes the blocking probability of a STi,j data segment, at node n, due to
the lack wavelengths, and Fi,j n denotes the blocking probability due to the unavailability of the waiting
unit.
Once the above assumptions are made, it becomes easy to model a network path by cascading the
queueing network systems associated to the different path nodes. As it is shown in figure figure 6.7, a
network path can be modeled by an open queuing network system composed of 2.L stations: L
M/D/k/k preemptive priority queuing stations representing the transmission units of the different
nodes of the path, and L M/D/d/d stations representing the buffering units. The whole system is
assumed to handle different customers classes; a customers class correspond to one of the considered
traffic sub-types.

Figure 6. 7: OBS network architecture: Network Path Modeling

A received customer of class STi,j, 0≤i≤N-1, 0≤j≤mi, at a node n, 1≤n≤L, can be:
- Directly transmitted to the next node as a customer of the same class,
- Transmitted to the next node as a customer of a class STi,k, j<k≤mi, after being delyed (k-j) times at
node n,
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- Dropped when the total WU-visits number threshold is reached, and it cannot seize a server at the
transmission station to be transmitted to the next node, or when it is swhitched to the waiting station,
and all servers are busy.
3.3. Model generalization: OBS network modeling
As it is shown in Figure 6.8(a), the queuing network system developed in the previous sub-section
considers only the traffic generated at the input of the considered path. Thus, the input traffic at a given
node n corresponds exactly to the output traffic of its predecessor node in the considered path, which
constitutes a particular case for a network modeling. To generalize the proposed model to an OBS
network, a general case where a network node considers all the traffics it receives on different paths is
discussed.
Figure 6.8(b) shows an exemple of a general case where a node n receives traffics on two differents
paths. In the considered example, αi,j, and βi,j denote the arriving rate of STi,j segments to node n,
respectively on the first, and the second considered path. αi,j can be can be estimated based on the
analysis of the queuing network system developed for the first path. βi,j can also be estimated based on
the analysis of a analytic model developed for the second path. As a result, we can easily etimate λi,j,
the total arrival rate of STi,j segments at the input of node n; λi,j is equal to the sum (αi,j+βi,j). Thus, we
can calculate the total arrival rate of any traffic sub-type at the input of each network node.
Based on this example, we can say that, using the above presented models, an analytic model can be
easily developed for the analysis of the considered OBS network architecture.

Figure 6. 8: Analytic model generalization at network level
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3.4. Model analysis
Two performance metrics have been considered for the analysis of the considered OBS network
architecture: the traffic loss probability, and the average blocking delay. In the following subsections,
we will present the analysis of these metrics for an OBS network node and an OBS network path.
3.4.1. Node performances analysis
Let TLPi and ABDi denote, respectively, the traffic loss probability and the average blocking mean
delay, for traffic-type i, 0≤i≤N-1. Based on the proposed node model, we could establish the following
expressions for evaluating the considered performance metrics.
m i −1

t

t −1

j=0

j=0

TLP i = B i,0 .F i, 0 + ∑ ( ∏ B i,j ). ( ∏ ( 1 − F i,j )). F i,t +
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( ∏ B i,j ).(
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∏

(28)

( 1 − F i,j ))

j −1

j.Segtt.( 1 − B i,j ).∏ ( ( 1 − F i,t ).B i,t )

(29)

t=0

Expression (28) can be set up as follows: a data segment of a traffic type i may be directly dropped
(first term), dropped after being delayed j times, 1≤j≤mi-1 (second term), or dropped due to the
expiration of the associated WU-visits number threshold ( third term). In the first two cases, a
segment is dropped due to the unavailability of the transmission and the waiting units. Expression
(29) can be explained as follows: a segment of type i may be directly transmitted over the appropriate
output port, or after being delayed blocked j times, 1≤j≤mi (blocking delay threshold).
As it is shown in the established expressions of the considered performances metrics, we notice that
the evaluation of these metrics require the analysis of the blocking probabilities: Bi,j, and Fi,j, 0≤i≤N-1,
0≤j≤mi of the different considered traffic sub-types.
Based on the novel traffic engineering scheme, and considering the forementioned assumptions, data
segments are serviced (transmitted, buffered) according to a premptive priority based scheme,
considerng the following order of priorities:

ST 0, m 0, ST 1, m 1, … , ST (N

- 1), m (N

- 1)

, ST 0, (m 0 - 1) , ST 1, (m 1 - 1) … , ST (N

- 1), m (N

- 1)

,

.......... .......... ..., ST 0,1 , ST 1,1 , … , ST (N - 1) ,1, ST 0,0 , ST 1,0 … , ST (N - 1),0
Let λi,j and ρi,j denote the arrival rate and the traffic intensity of the traffic sub-types STi,j, 0≤i≤N-1,
0≤j≤mi. λi,j and ρi,j are given by the following expressions:
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λi,j = λi,0

j −1

∏
t =0

B i,t .( 1- F i,t ), 1 ≤ j ≤ mi
(30)

λi,0 = λi

j −1

ρi,j = ρi,0 .∏ B i,t .( 1- F i,t ), 1≤ j ≤ mi
t =0

(31)

ρi,0 = ρi

Let βi,j, and ϕi,j denote the arrival rate and the traffic intensity of the traffic sub-type STi,j, 0≤i≤N-1,
0≤j≤mi estimated for the WU queuing station.

βi,j, and ϕi,j are given by the following expressions:

β i , j = (1 - B i , j ). λ i , j , ϕ i , j = (1 - B i , j ). ρ i , j

(32)

ST0,m0, is supposed to be the highest priority traffic sub-type, then the corresponding blocking
probabilities can be easily established using the Erlang-B formula as follows:

B 0 ,m 0 = E ( l 0 ,m 0 , k ) =

k
l 0 ,m 0 k !
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(33)
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i
0 ,m 0

i!

The blocking probabilities of the other traffic sub-types can be easily analyzed based on of the new
conservation law as it was shown above (subsection 2.3.2). Using the new conservation law, the
blocking probabilities of the ST1m1 traffic sub-class can be eastablished as follows:

B1,m1 = p1,m1 + q1,m1
p1,m1 = E ( ( l0,m0 + l1,m1), k) , q1,m1 =
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λ 0, m 0
. ( p1,m − p0,m )
λ1,m1
1

0

(35)

F 1,m1 = p'1,m1 + q'1,m1
p'1,m1 = E ( ( ϕ 0 ,m 0 + ϕ 1,m1), d) , q'1,m1 =

β 0 ,m 0
β1,m1

. ( p'1,m1 − p' 0 ,m 0 )

(36)

Considering the adopted preemption priority based transmission scheme, a ST1,m1 data segement may
be blocking due to lack of wavelengths (P1,m1) or due to preemption by a ST0,m0 ( a higher priority)
segment (q1,m1). Identically, a ST1,m1 segement can be blocking at the waiting unit due to lack of
buffering units (P’1,m1) or due to preemption by a ST0,m0 segment (q’1,m1).
Following the same way, we can analyze the blocking probabilities of the different traffic sub-types of
each traffic type i, 1≤i≤N-1.
3.4.2. Path performances analysis
Considering the above assumptions, we could establish the following expressions for the analysis of a
network path of length L; (N1, N2, …, NL):
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(37)

λi
mi

∑
ABD i =

j =1

L

j.Segtt. γ i,j
mi

, 0 ≤ i ≤ N-1
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j =0

As it is shown in the established expressions the analysis of the considered performances metrics is
mainly based on the analysis of the departure rate of each traffic sub-type at every node of the
considered path. As it is mentioned above γi,j n, 0≤i≤N-1, 0≤j≤mi, 1≤n≤L, denotes the departure rates of
STi,j data segments at node n. Based on the developed model, we can establish the following
expressions for the analysis of the departure rate of the different traffic sub-types.

γ 1i,0 = λ i .(1- B1i,0 ), 0 ≤ i ≤ N − 1
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(40)

As it is shown in these expressions, we notice that the analysis of the departure rates of the considered
traffic sub-types requires the analysis of the blocking probabilities of the different traffic sub-types at
every node of the considered path: (Bi,j n, Fi,j n), 0≤i≤N-1, 0≤j≤mi, 1≤n≤L. These probabilities can be
analyzed using the new conservation law, as it mentioned in the previous section. The new
conservation law considers the arrival rates of the different traffic sub-types to analysis the associated
blocking probabilities. λi,j n, 0≤i≤N-1, 0≤j≤mi, 1≤n≤L can be given by the following expression:

n
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λ i,j

n
γ i,j

(1 - B

n
i,j

)

(41)

3.4.3. Network performances analysis
Let remember that, based on the queueing network systems developped for node and path modeling,
an analytic model can be easily developped for an OBS network. Thus, the above estalished analytic
expressions can be simply extended for the analysis of the performances of the considered OBS
network architecture.
4. Conclusion
In this chapter we have developed a set of theoretical models to help an efficient mathematical
analysis of the proposed schemes.

A queuing network system has been developed to allow a

theoretical analysis of the novel OBS node architecture introduced in chapter 4. The proposed model
has been analyzed using a new conservation law, and it was validate through simulations. Moreover,
we have addressed the analysis of the considered OBS network architecture when it implements the
dynamic parameters based traffic engineering protocol introduced in chapter 5. An analytic model has
been developed for the analysis of an OBS network node. The proposed model has been then
generalized at a path level. Also, it was shown that the developed model can be easily generalized at a
network level; thus, the provision of a mathematical tool for a theoretical analysis of the considered
OBS network architecture.
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Chapter 7:

OBS Network Resource Dimensioning and
Optimization: A QoS-based Approach
1. Introduction
Network resources dimensioning and optimization is one of the most critical issues in network
development. It consists on how to determine the optimal network configuration to support a given
input traffic with specified QoS constraints. As it is shown in Chapter 2, the deployment of WDM
networks introduces an acute need to consider the dimensioning and optimization aspects. Different
schemes have been developed for WDM optical networks optimization. Yet, the majority of the
proposed schemes address the routing optimization problem in wavelength routing WDM networks
[28, 29, 30]. A few works have addressed the dimensioning and optimization aspects in optical burst
switched networks, [31]. However, several issues have not been considered in this work. Particularly,
the use of wavelength conversion, burst segmentation, QoS management, and transmission capacity
optimization were not addressed.
In this chapter, we develop a QoS-oriented method to address the network resources dimensioning and
optimization issues in the implementation of OBS networks [70]. We mainly develop an optimization
work for the introduced OBS network architecture when it implements the dynamic parameters based
traffic engineering scheme (Chapter 5) [45, 83]. Particularly, we consider the optimization of the
buffering and transmission units, which constitute the main components of the considered OBS
network architecture. We present a mathematical formulation of the buffering and the transmission
capacities dimensioning and optimization problems based on the analytic model developed in Chapter
6 for the analysis of the considered OBS network architecture [70, 46]. A simulation model is then
developed for an experimental resolution of the considered network resources dimensioning and
optimization problems. We show how based on experimental results, we can determine the minimum
number of wavelengths per link and the needed buffering capacity to support different traffic types
with various QoS requirements [70]. Also, we show how key input system parameters affect the
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performances of the considered OBS network architecture, and

thus influence its resources

dimensioning.
The remaining part of this chapter is organized as follows. Section 2 details a QoS-oriented approach
proposed to address resources dimensioning and optimization issues in the development of OBS
networks. Section 3 addresses the optimization of the considered OBS network architecture, and
mainly considers the dimensioning of the buffering and transmission units, which constitute the main
components of such architecture. It presents a mathematical formulation of the buffering (i.e., delay
lines) and transmission capacities’ (i.e., wavelengths) dimensioning and optimization problems.
Simulations experiments have been conducted to validate the developed approach and pick up the
optimal network configuration. Section 4 presents a part of the most meaningful numerical results.
Section 5 concludes the chapter.
2. QoS-oriented network optimization approach
The emerging of multimedia applications with various QoS requirements urges OBS networks to
provide QoS support. On the other hand, network resources dimensioning and optimization constitute
one of the most important issues in the development of OBS networks as it allows the reduction of the
network design and operation cost, which may be high due to the complexity and innovative character
of the current optical technology. In this context, we propose a QoS-oriented approach to address OBS
network resources dimensioning and optimization issues. The proposed approach allows the
optimization of the needed network resources (bandwidth, buffering capacity, etc.) to support a given
input traffic with specific QoS constraints; thus, considering both issues: network optimization and
QoS provision. This helps the provision of efficient resource utilization while offering QoS support
and allows, thus, the development of a cost-effective deployment of the OBS technology.
In the sequel of this chapter, we consider the optimization of the considered OBS network architecture
using the proposed QoS-oriented optimization method.
3. OBS network architecture optimization
In this section, we basically focus on the dimensioning and the optimization of the buffering and the
transmission units that constitute the most important elements of the proposed architecture. In the
following, we first present a mathematical formulation of the transmission and the buffering capacities
dimensioning and optimization problems based on the analytic model developed for a theoritical
analysis of the considered architecture (Chapter 6). Then, we disccuss the resolution of the considered
optimization problems.
3.1. OBS network architecture optimization problems
In Chapter 6, we have developed an analytic model to help an efficient mathematical analysis of the
OBS network architecture as it is presented in Chapter 5. The considered architecture has the ability to
support different traffic types with various QoS requirements. A traffic type is basically defined by its
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QoS requirements in terms of traffic loss and transfer delay. Two performance metrics have been
considered for the analysis of the proposed architecture: the traffic loss probability, and the average
blocking delay. Based on the developed analytic model, we could establish analytic expressions for
the analysis of a type i traffic loss probability (TLPi) and average blocking delay (ABDi). The
considered performance metrics have been analyzed at node and path levels (chapter 6: expressions:
28, 29, 37 and 38).
The analysis of the formal expressions presented in Chapter 6 shows that the considered performance
metrics can be expressed based on the following system input parameters: the input arrival rates (λi),
segment maximum blocking delays (mi), a segment length (Segl), the number of wavelengths per link
(k), and the buffering capacity of an OBS core node (d). Therefore, one can consider two functions f
and g as, for all traffic type i we have:

TLP i = f( λi, mi, Segl, k, d)

(1)

ABD i = g( λi, mi, Segl, k, d)

(2)

In expressions (1-2), parameters k and d represent respectively the transmission and the buffering
capacities of an OBS core node. Thus, the buffering and transmission capacities’ optimization
problems consist on the minimization of parameters k and d for given values of the others system
input parameters (λi, mi, Segl, etc.).
Let MBDi and MTLPi denote respectively the maximum blocking delay and the maximum traffic loss
probability for traffic type i. These parameters specify type i QoS constraints in terms of blocking
delay and traffic loss. Based on the introduce QoS-oriented network resources optimization approach,
the transmission and buffering optimization problems can be presented as follows:
Buffering capacity optimization problem:

Minimize (d)
Subject to:
- TLPi = f(d, k, λi, mi, Segl ) < MTLPi, for fixed (k, λi, mi, Segl).
- ABDi = g (d, k, λi, mi, Segl) < MBDi , for fixed (k, λi, mi, Segl).
Transmission capacity optimization problem:

Minimize (k)
Subject to:
- TLPi = f(k, d, λi, mi, Segl ) < MTLPi, for fixed (d, λi, mi, Segl).
- ABDi = g ( k, d, λi, mi, Segl) < MBDi , for fixed (d, λi, mi, Segl).
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Once this study is developed for buffering and transmission capacities dimensioning and optimization,
it can be easily extended on other network parameters such as segment length, network nodes number,
jitter, etc. leading to a complete dimensioning and optimization study for the considered OBS network
architecture.
3.2. Optimization problems resolution
The resolution of the above presented optimization problems can be addressed analytically or through
simulation. The analytic resolution needs the establishment of exact expressions for the considered
functions (f, g) that is too hard to realize and which we consider secondary in the context of the
developed work. For that reasons, we have adopted an experimental resolution of the considered
optimization problems through simulation. In the following section, we present the developed
simulation model and we show how based on simulation results, we can easily pick up the optimale
network configuration to support different input traffic types with various QoS requirements; thus the
resolution of the above presented optimization problems
4. Simulation model and numerical results
In order to validate the introduced QoS-oriented network optimization approach and allow an
experimental resolution of the above presented optimization problems, a simulation model has been
developed [70]. Particularly, we consider the dimensioning and the optimization of the buffering and
the transmission capacities of the novel OBS node architecture. We show how based on numerical
results, we can determine the maximum transmission and buffering capacities needed to support QoS
constaints of the considered traffic types. Also, we show how key input system parameters may

affect the performances of the considered OBS network architecture, and thus influence its
resources dimensioning.
In the following subsections, we first present the simulation model and then some of the most
meaningful numerical results.
4.1. Simulation Model
- OBS network configuration: We consider an OBS network with the same topology as it is
presented in figure 5.1. The configuration of the simulated network supposes that each core node is
composed of two input/output ports. Each port is assumed to handle k optical channels
(wavelengths) with a transmission capacity equal to 10.0 Gbit/s. A core node is also equipped of a
WU with a buffering capacity limited to d segments. Simulation experiments consider that, an input
traffic is generated at each input port of the core nodes C1 and C2 of the evaluated network. The
traffic generated at an input port of a core node is supposed to be uniformly distributed between its
two output ports. In addition, all data segments must cross the same network nodes number before
reaching destination (E5, E6, E7, E8).
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- Traffic model: An input traffic is composed of bursts of different traffic types. A burst is composed
of a set of fixed-length segments of the same traffic type. A segment is composed of a fixed number
(Segl) of packets of a given traffic type. Packets are assumed to be of the same length (i.e., 1250
bytes). The inter arrival time between two successive bursts is assumed to be exponentially
distributed.
- Traffic types: Each traffic type is characterized by some of QoS requirements in terms of traffic loss
and transfer delay. In our case, we have considered three traffic types, denoted by 0, 1, and 2. Type
0 is the most coercive traffic type. We assumed that the input traffic ratios for traffic types 0, 1, and
2 are fixed to 40%, 20%, and 40%, respectively.
- Performance metrics: Two performance metrics have been considered by the developed simulation
model: The average network-wide burst transfer delay and the traffic loss mean rate. The following
input parameters have been considered: the number of wavelength (k), the buffering capacity (d),
the mean time separating two successive bursts (MTSSB), a burst length (Burstl), a segment length
(Segl), and the number of network core nodes (N).
- Simulation model accuracy: The accuracy of the developed simulation model is ensured by the
use of random generators based on the well known pseudo-random numbers generator RAND.
RAND belongs to a class of multiplicative linear congruential pseudo-random numbers generators
(LC-PRNGs), which are well proved [72]. In addition to the use of suitable random generators,
simulations experiments are conducted using appropriate sample-sizes; thus improving the
credibility of the developed simulation model.
4.2. Simulations Results
Simulation experiments have been conducted for the dimensioning and the optimization of the
buffering and the transmission capacities of the considered OBS network architecture. Basically, we
show how based on numerical results, we can determine the needed resources in terms of buffering
and transmission capacities to support QoS requirements of the different traffic types; hence, an
experimental resolution of the above presented resources optimization problems. Moreover, we show

how key input system parameters may affect the dimensioning of the developed OBS network
architecture. Mainly, we address the impacts of: the mean time separating two successive bursts
(MTSSB), the number of network core nodes (N), and a burst length (Burstl), which have, as it is
shown in chapter 5, significant impacts on the perfomances of the considered network architecture.
In the following subsections, we first address the dimensioning of the buffering and the transmission
capacities for a given configuration of the considered input system parameters (MTSSB, N, Burstl).
Then, we study the impacts of these parameters on the resources dimensioning of the developed OBS
network architecture.
In order to reduce the simulation configuration, we have considered experimental values for different
system input parameters. Our choice in reducing the complexity of the simulation configuration was
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only restricted by the limitation of the computing resources we have on hand. The following
configuration has been considered for all simulation experiments: a packet length is equal to 1.0 µs, a
segment legth (Segl) is fixed to 5 packets, and the maximum network-wide blocking delays for traffic
types 0, 1, and 2 (MBD_T0, MBD_T1, MBD_T2) are fixed to 15µs, 30µs, and 50µs, respectively.
4.2.1.

Network resources dimensioning and optimization

For all simulation experiments presented in this subsection, we have considered the following values
of the addressed key input system parameters: N = 4 nodes, MTSSB = 2.5 µs and Burstl = 20
segments.
a) Transmission capacity dimensioning
Figures 7.1 and 7.2 show, for the three considered traffic types, the impact of the wavelengths number
(transmission capacity) variation on the traffic loss mean rate, and the average burst transfer delay
when, a node buffering capacity (d) is equal to 50 segments. We observe that, for all traffic types,
performance is improved with the increase of the transmission capacity. This corresponds to the
decrease of the traffic load on each output port; and thus, the decrease of contention and blocking
probabilities.
Figures 7.1 and 7.2 present an experimental resolution of the above presented transmission capacity
dimensioning and optimisation problem when the buffering capacity of a network node is fixed to 50
segments. In fact, it allows picking up the optimal transmission capacity, i.e., the required wavelength
number per link, to support the different QoS constraints of the considered traffic types. Based on
these simulation results, we can say for example that, a minimum of two wavelengths per link are
required to support the considered traffic types with the following QoS constraints: (TLP0≤0.1,
ABD0≤110µs), (TLP1≤0.2, ABD1≤115µs), and (TLP2≤0.25, ABD2≤120µs).
b) Buffering capacity dimensioning
Figures 7.3 and 7.4 present the impact of the buffering capacity variation on the traffic loss mean rate,
and the average burst transfer delay, respectively when the number of wavelengths per link (k) is fixed
to 2 wavelengths. We observe that, for all traffic types, the traffic loss mean rate decreases with the
increase of the buffering capacity. This corresponds to the decrease of the loss probability due to the
lack of buffering units; and thus the decrease of the loss probability. Figure 4 shows that, for all traffic
types, the average transfer delay increases with the increase of the buffering capacity. This is because
the increase of the buffering capacity decreases the blocking probability at the input of the waiting
unit, and so increases the network-wide blocking delay of an accepted data segments.
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Figure 7. 1: Impact of wavelength number variation on the traffic loss mean rate

Figure 7. 2: Impact of wavelengths number variation on the average burst transfer delay

Figures 7.3 and 7.4 constitute an experimental resolution of the above presented buffering capacity (d)
dimensioning and optimisation problem when the number of wavelength per link is fixed to 2
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wavelengths. In fact, it allows picking up the optimal buffering capacity to support QoS constraints of
the considered traffic types. Based on these simulation results, we can say for example that, without a
waiting unit, we can support traffic type 0 with a traffic loss constraint (TLP0≤0.1), but we cannot
support the other traffic types with the following constraints: (TLP1≤0.2,TLP2≤0.35). We can also note
that a buffering capacity d=80 is needed to support the considered traffic types with the following QoS
constraints: (TLP0≤0.05, ABD0≤107µs), (TLP1≤0.15, ABD1≤115µs), and (TLP2≤0.2, ABD2≤120µs).

Figure 7. 3: Impact of buffering capacity variation on the traffic loss mean rate

c) Transmission and buffering capacities dimensioning
Let us note that, the above presented simulation experiments are limited to the provision of a relative
dimensioning of the network transmission and buffering capacities. In fact, the minimum number of
wavelengths (kmin) obtained through simulation is relative a node buffering capacity; d=50 segments;
see Figures 7.1 and 7.2. Also, the minimum number of ODLs (dmin) required to support a given traffic
type, that can be determined based on Figures 7.3 and 7.4 is relative to the considered network
transmission capacity; k=2 wavelengths.
The resolution of a global network dimensioning problem can be achieved as follows. We start by
determining kmin for a given buffering capacity d using the above presented approach. Then, we repeat
the same simulation experiment with lower values of d until we obtain dmin; thus, we obtain the
optimum values, (kmin, dmin), of the considered parameters.
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Figure 7. 4: Impact of buffering capacity variation on the average burst transfer delay

4.2.2.

Network resources dimensioning: key input system parameters impacts

In addition to the above presented simulation results, we have found it useful to consider the impacts
of some input systems parameters on the resources dimensioning of the considered OBS network
architecture. As it is mentioned above, we have mainly addressed the impacts of: the mean time
separating two successive bursts (MTSSB), the number of network core nodes (N), and a burst length
(Burstl), which have significant impacts on the perfomances of the considered OBS network
architecture; and thus, may have important effects on its resources dimensioning.
In the following subsections, we discuss the influences of the considered key input system parameters
on the dimensioning of the developed OBS network architecture.
a) Network nodes number impact
In order to study the impacts of the network nodes number on the dimensioning of the buffering and
the transmission capacities of the considered OBS network architecture, similar simulation
experiments have been conducted over an OBS network with eight nodes (N=8). The obtained
numerical results are presented in Figures 7.5-7.8. Results show the same performance metrics
variations. However, we note that more resources in terms of wavelengths number and buffering
capacity are needed to support an input traffic with a given QoS constraints over an OBS network with
more nodes. For instance, Figures 7.5 and 7.6 show that, three wavelengths per link are required to
support the considered traffic types with the following QoS constraints: (TLP0≤0.1, ABD0≤110µs),
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(TLP1≤0.2, ABD1≤115µs), and (TLP2≤0.25, ABD2≤120µ) over an OBS network with eight nodes. On
the other hand, Figures 1and2 illustrate that, two wavelengths per link is sufficient to support the same
input traffic over an OBS network with four core nodes. Moreover, Figures 7.3 and 7.4 show that a
buffering capacity d=80 is sufficient to support the considered traffic types with the following QoS
constraints: (TLP0≤0.05, ABD0≤107µs), (TLP1≤0.15, ABD1≤115µs), and (TLP2≤0.2, ABD2≤120µs)
over an OBS network with four nodes and a transmission capacity k=2. However, Figures 7.7 and 7.8
prove that the considered input traffic cannot be supported over an OBS network with eight nodes and
with the same buffering and transmission capacities.

Figure 7. 5: Impact of wavelength number variation on the traffic loss mean rate when,
the number of network nodes (N) is fixed to eight

The increase of the needed network resources with the increase of the network nodes to support the an
input traffic with a given QoS constraints is mainly due to the degradation of the network
performances in terms of QoS provision with the increase of the average crossed OBS core nodes that
is mainly due to two main reasons. First, the addition of a crossed node increases the risk of
contention due to more possibilities of contention with new traffic; and so increases the traffic loss
ratio. Second, the blocking delay threshold associated with each traffic unit can be reached rapidly
with a larger number of network nodes. Figures 7.9 and 7.10 illustrate the effect of the increase of the
network nodes number on the provided QoS in terms of traffic loss and blocking delay. The associated
numerical results are relative to the following configuration: MTSSB = 50 µs, Burstl=20 packets,
k=2, d=1000 segments.
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Figure 7. 6: Impact of wavelength number variation on the average burst transfer delay when,
the number of network nodes (N) is fixed to eight

Figure 7. 7: Impact of buffering capacity variation on the traffic loss mean rate when,
the number of network nodes (N) is fixed to eight
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Figure 7. 8: Impact of wavelength number variation on the average burst transfer delay when,
the number of network nodes (N) is fixed to eight

Figure 7. 9: Traffic loss mean rate vs. network nodes number
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Figure 7. 10: Average burst transfer delay vs. network nodes number

b) Mean time separating two successive bursts impact
In order to study the impacts of the input traffic load on the dimensioning of the buffering and the
transmission capacities of the developed OBS network architecture, similar simulation experiments
have been conducted considering different values of the key input system parameter MTSSB (mean
time separating two successive bursts). Figures 7.11-7.12 and 7.13-7.14 consider the dimensioning of
the transmission capacity of an OBS network with eight nodes when the buffering capacity d=50
segments, Burstl=20 segments, and MTSSB is fixed to 50 µs and 100 µs, respectively. Figures show
the same performance metrics variations as Figures 7.1 and 7.2 show. Yet, we observe that a larger
transmission capacity (i.e., wavelengths number) is needed to support a higher input traffic load over
the considered OBS network architecture. For example, Figures 7.5 and 7.6 show that, four
wavelengths per link are required to support the considered traffic types with the following QoS
constraints: (TLP0≤0.05, ABD0≤105µs), (TLP1≤0.15, ABD1≤110µs), and (TLP2≤0.2, ABD2≤15µ) over
the considered OBS network architecture when the MTSSB is fixed to 2,5 µs. On the other hand,
Figures 7.11-7.12 and 7.13-7.14 prove that, three respectively two wavelengths per link is sufficient to
support the same QoS constraints over the considered OBS network configuration when lower input
traffic loads are considered; MTSSB is fixed to 50 µs and 100 µs, respectively.
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Figure 7. 11: Impact of wavelength number on the traffic loss mean rate when, the MTSSB=50 µs

Figure 7. 12: Impact of wavelength number on the average transfer delay when, the MTSSB=50 µs
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Figure 7. 13: Impact of wavelength number on the traffic loss mean rate when, the MTSSB=100 µs

Figure 7. 14: Impact of wavelength number on the average burst transfer delay
when, the MTSSB=100 µs
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The decrease of the needed transmission capacity with the increase of the MTSSB parameter is mainly
due to the improvement of the network performance in terms of the provided QoS with the increase of
the considered parameter. This is because the increase of the inter-arrival mean time decreases the
traffic load on each input channel, which reduces the contention probability; and so decreases the
average blocking delay and the traffic loss ratio for the different traffic types. Figures 7.15 and 7.16
illustrate the effect of the inter-arrival time variation on the provided QoS in terms of traffic loss and
blocking delay. The associated numerical results are relative to the following configuration: N = 8
nodes, Burstl=20 packets, k=2, d=1000 segments.

Figure 7. 15: Traffic loss mean rate vs. Mean time separating two successive bursts

Additional simulation experiments have been conducted to address the impact of the inter-arrival
mean time variation on the dimensioning of the buffering capacity of the considered OBS network
architecture. Results show the same performance metrics variations as Figures 7.3 and 7.4 show. We
observe that the input traffic load variation has an important impact on the dimensioning of the needed
buffering capacity at an OBS core node. Numerical results illustrate that a less buffering capacity is
required to support a lower input traffic load over the considered OBS network architecture.
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Figure 7. 16: Average blocking delay vs. Mean time separating two successive bursts

c) Burst length impact
Similar experiments have been conducted to address the impacts of the burst length (Burstl) variation
on the dimensioning of the buffering and the transmission capacities of the developed OBS network
architecture. Figures 7.17-7.18 and 7.19-7.20 consider the dimensioning of the transmission capacity
of an OBS network with eight nodes when the buffering capacity d=50 segments, MTSSB=2,5µs, and
Burstl is fixed to 5 segments and 50 segments, respectively. Figures show the same performance
metrics variations as Figures 7.1 and 7.2 show. However, we note that a larger transmission capacity
is needed to support, over the considered OBS network architecture, an input bursty traffic with a
higher burst-length. For instance, Figures 7.19 and 7.20 show that, four wavelengths per link are
required to support the considered traffic types with the following QoS constraints: (TLP0≤0.05,
TLP1≤0.15,TLP2≤0.2) over the considered OBS network architecture when a burst-length is equal to
50 segments. On the other hand, Figures 7.5-7.6 and 7.17-7.18 prove that, three respectively two
wavelengths per link is sufficient to support the same QoS constraints over the considered OBS
network configuration when lower burst-lengths are used during burst assembly; Burstl is fixed to 20
segments and 5 segments, respectively.
The increase of the needed transmission capacity with the increase of the Burstl parameter is mainly
due to the increase of the traffic loss ratio with the increase of the considered parameter. This can be
explained as follows. The increase of Burstl increases the contention probability between data
segments; thus, increases the traffic loss ratio. Figures 7.21 and 7.22 present the impact of the burst-
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length variation on the provided QoS in terms of traffic loss. The associated numerical results are
relative to the following configuration: N = 8 nodes, MTSSB=2.5µs, k=2, d=1000 segments.

Figure 7. 17: Impact of wavelength number on the traffic loss mean rate when,
the burst-length is fixed to 5 segments

Figure 7. 18: Impact of wavelength number on the average burst transfer delay when,
the burst-length is fixed to 5 segments

150

Figure 7. 19: Impact of wavelength number on the traffic loss mean rate when,
the burst-length is fixed to 50 segments

Figure 7. 20: Impact of wavelength number on the average burst transfer delay when,
the burst-length is fixed to 50 segments
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Figure 7. 21:Traffic loss mean rate vs. Burst length

Figure 7. 22: Average burst transfer delay vs. Burst length
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5. Conclusion
Resource optimization and QoS support constitute major issues in networks design and services
development. Moreover, because these issues are particularly important in optical networks
deployment, we have introduced a QoS-oriented approach to address the network resources
dimensioning and optimization aspects in the development of OBS networks. The proposed
optimization approach mainly considers the ability of the network to support input traffics’ QoS
constraints; thus, considers both issues: network optimization and QoS provision. This helps the
provision of an efficient network resources utilization while providing QoS support; hence, the
development of a cost-effective deployment of the OBS technology.
Based on the introduced QoS-oriented optimization method, we have addressed the development of an
optimisation study for the introduced OBS network architecture when it implements the dynamic
parameters based traffic engineering protocol (Chapter 5). Particularly, we have considered the
dimensioning and the optimization of the buffering and transmission units, which constitute the main
components of the considered architecture. A mathematical formulation of the buffering and the
transmission capacities’ optimization problems hase been established based on the analytic model
developed in Chapter 6 for the analysis of the considered architecture. A simulation model has beeen
developed for an experimental resolution of the considered network resources dimensioning and
optimization problems. It has been shown that based on experimental results, we can easily pick up
the optimale network configuration to support different input traffic types with various QoS
requirements; thus the resolution of the considered optimization problems. Also, simulation
experiments have been conducted to show how key input system parameters may affect the
performances of the considered OBS network architecture, and

thus influence its resources

dimensioning.
In this chapter, we have addressed the development of an optimization work towards a cost-effective
deployment of the introduced OBS network architecture. In the following chapters, we will consider
the development of a set of network and traffic engineering schemes needed for a more performante
OBS network architecture.
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Chapter 8:

Burst Admission Control in OBS Networks: A
QoS-Oriented Approach
1. Introduction
Optical burst switching technology is a promising all-optical data transport technique that can
potentially provide efficient network resources utilization. However, the current state of this
technology does not offer a burst admission control scheme that can efficiently handle QoS provision
and network resource utilization, which may constitute a major challenge in service offerings over
WDM. Burst admission control in OBS networks aims at deciding whether to accept or reject a new
data burst based on a set of parameters like the burst length, the network resources availability, QoS
constraints, etc.
A few works have addressed burst admission control issue in the development of OBS networks, [66].
In this work, authors develop a burst admission control scheme based on the physical quality of the
optical signal such as signal-to-noise ratio (SNR) and bit error rate (BER). Using the proposed scheme,
a data burst is accepted only if all the signal parameters (SNR, BER) are satisfied. Even though it
constitutes an important contribution in the development of OBS networks, the proposed scheme is
limited to physical parameters handling and don’t consider network resources (i.e., wavelengths, FDL
buffers) availability and high level QoS parameters such as traffic loss, jitter, blocking delay, etc.
Moreover, several issues have not been considered in this work such as, the use of FDL buffers,
wavelength conversion and burst segmentation.
In this chapter, we introduce a QoS-oriented approach to address the call admission control (CAC)
issue in the implementation of OBS networks [46]. The introduced approach is mainly based on the
estimation of the QoS that may be provided for each data burst, during signaling phase. A data burst
transmission request is accepted at a network core node only when the estimated QoS may support
burst QoS-constraints. This fortunately allows a better QoS provision, and more efficient resources
utilization.
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Based on the considered approach, we develop a burst admission control study for the OBS network
architecture when it implements the dynamic parameters based traffic engineering protocol (Chapter
5) as it is presented in Chapter 5 [46]. First, we propose a mathematical formulation of the burst
admission control problem based on the analytic model developed in Chapter 6 (Section 3). Then, we
develop a distributed QoS-constraints based burst admission control protocol for a better QoS
provision over the considerd OBS network architecture. The proposed burst admisssion control
protocol is mainly based on the use of a novel signaling scheme that we develop based on the
extension of the previously proposed JET-like signaling protocol [43, 41] to carry new control
information needed for burst admission control [46, 79]. Finally, a simulation model is developed to
validate the proposed schemes. Numerical results illustrate the capacity of the proposed schemes in
terms of QoS improvement. For the sake of a complete study of the proposed protocol, we also discuss
its impacts on the effciency of network resources utlization [79].
The remaining part of this chapter is organized as follows. Section 2 details a QoS-oriented approach
proposed to address resources dimensioning and optimization issues in the development of OBS
networks. Section 3 addresses the optimization of the considered OBS network architecture, and
mainly considers the dimensioning of the buffering and transmission units, which constitute the main
components of such architecture. It presents a mathematical formulation of the buffering (i.e., delay
lines) and transmission capacities’ (i.e., wavelengths) dimensioning and optimization problems.
Simulations experiments have been conducted to validate the developed approach and pick up the
optimal network configuration. Section 4 presents a part of the most meaningful numerical results.
Section 5 concludes the chapter.
2. Burst admission control: a QoS-oriented approach
In optical burst switched networks, a control packet is generated and associated at each data burst after
being assembled at the input of the network. The control packet is sent through the network as a
request for the transmission of the associated data burst. The burst admission control problem in OBS
networks consists in the decision, at a network core node, to accept or reject a new data burst based on
a set of decision parameters such as the network resources availability, the requested resources, the
network performances, etc. Different approaches can be used to address the burst admission control
issue in OBS networks. For instance, this problem can be addressed using multi-criteria scheme when
a burst acceptance decision is based on the definition of different thresholds in terms of network
resources availability, request rejection ratio, average blocking delay, etc.
The main issue in the development of a burst admission control scheme is the choice of the
appropriate decision parameters and burst acceptance condition in a manner that may allow a better
QoS support and a more efficient resources utilization. In this context, we introduce a QoS-oriented
approach for burst admission control in OBS networks. The introduced approach is mainly based on
the estimation, during signaling phase, of the QoS that may be provided to a data burst. A data burst
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transmission request is accepted at a network core node only when the estimated QoS may support
burst QoS-constraints in terms of traffic loss and blocking delay. This may help a better QoS provision
while offering more efficient resources utilization over an OBS network. In fact, the rejection of a data
burst because the available network resources are insufficient to ensure the required QoS makes these
resources available for the transmission of a least constraining data burst. This ensures that the
network resources are usually used for a successful data transmission; thus, a more efficient resources
utilization. Moreover, ensuring the required QoS for all accepted data bursts, an admission control
scheme may improve the reliability of network operator towards its customers and provide for the
effectiveness of network deployment.
The most important difficulty in the implementation of the proposed QoS-oriented burst admission
control approach is the estimation of the QoS that may be provided to a given data burst at an OBS
core node. Fortunately, this is feasible through an analytic modeling of the considered OBS network
architecture that allows, as it was illustrated in Chapter 6, the analysis of the QoS that may be
provided to a data burst of a given traffic type.
In the following of this chapter, we consider the development of a CAC study for the considered OBS
network architecture based on the adopted QoS-oriented burst admission control approach. First, we
address the implementation of the introduced approach over the considered network architecture.
Then, we present a novel QoS-constraints based burst admission control protocol for the introduced
OBS network architecture.
3. Burst admission control proposal
In this section, we address the implementation of the adopted QoS-oriented burst admission control
approach over the OBS network architecture presented in Chapter 5. The implementation of the
considered approach is mainly based on the use of the analytic model developed in Chapter 6. Mainly,
it is used for the estimation of the QoS that may be provided to a given data burst based on the
estimation of the availability of the network resources required for its transmission.
Based on the implementation of the proposed QoS-oriented approach, a burst admission control
scheme has been developed for the novel OBS network architecture. Before presenting the proposed
scheme, let us consider the following notations:


PAni,j: the probability that a type i traffic unit arrives at node n of a given lightpath after being
delayed j times in previous nodes of the considered path (STi,j).



PTUAni,j: the probability of transmission unit availability for a STi,j traffic unit.



PWUAni,j: the Probability of waiting unit availability for a STi,j traffic unit.

Based on the analytic model presented in Chapter 6, we can establish the following expressions for the
analysis of these parameters:

157

PA

=

n
i,j

γ

n −1
i,j

λi

(1)

n
n
PTUA i,j = ( 1− B i,j)

PWUA

n
i,j

(2)

= ( 1− F i,jn )

(3)

Given these parameters, an OBS core node n can estimate the QoS that may be provided to a type i
n

n

data burst in terms of traffic loss and blocking delay. Let ETL i, and EBD i denote the estimated traffic
n

n

loss and blocking delay for a type i data burst up to node n of the crossed lightpath. ETL i, and EBD

i

can be established as follows:

ETL

n
i




= 1 −



m

∑
EBD

n
i

=

m

∑

γ

j =1

n
i, j

λi

j . Segtt .γ

j =1
m

∑

j=0







 = 1 −






m

∑

n
i, j

=

γ

j =1

n
i, j

m

∑

j =1

λ in, j PTUA
λi

j . Segtt .λ in, j . PTUA
m

∑

j=0

n
i, j

λ in, j . PTUA

n
i, j









(4)

n
i, j

(5)

Once the QoS that may be provided for a given data burst is estimated, a network node compares the
required QoS to the established estimation for decision. Using the proposed burst admission scheme, a
type i data burst is accepted at an OBS core node n of a given lightpath, only when the following
condition is matched.

 ETL in ≤ MTL i


 EBD in ≤ MBD i


(6)

where, MTLi, and MBDi denote the maximum traffic loss and transfer delay for a type i data burst.
MTLi, and MBDi specify burst’ QoS-constraints, and are transmitted, during signaling phase, in the
burst control packet (i.e., burst burst transmission request).
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The deployment of the proposed burst admission control scheme over the considered OBS network
architecture has required the development of a distributed QoS-constraints burst admission control
protocol. Section 4 proposes a detailed presentation of the considered protocol.
4. Burst Admission control protocol
The present section presents a detailed description of the proposed burst admission control protocol
[46, 79]. The developed protocol is mainly based on the use of a new signaling scheme to carry
control information needed for burst admission control [46]. The following subsections present the
proposed burst admission control protocol as well as and the associated signaling scheme.
4.1. CAC-oriented Signaling Protocol
The Implementation of the proposed burst admission control protocol has required the development of
a new signaling scheme based on the extension of the JET-like signaling protocol presented in Chapter
5, [45, 83]. New control information has been added to the burst header packet to carry control
information needed for burst admission control protocol implementation. Figure 8.1 presents the new
burst header packet structure. Mainly, we notice the addition of two control information noted
(Si_EBD, Si_E-State) for each data segment of the burst. Updated at each crossed node during
signaling step, these parameters indicate:


Si_EBD: Updated at an OBS core node n, Si_EBD represents the sum of the blocking delays
estimated at all previous nodes, and the estimated blocking delay at node n. It is estimated based
on the estimation of the blocking delay of the other data segments, the estimation of the network
node resources availability.



Si_E-State: Boolean control information, which may be updated at each, crossed core node n. If it
is “True”, node n sets it at the value “False” if it estimates that, if the burst will be accepted, the
segment Si will be dropped due to buffering unit unavailability. Si_E-State is also switched to the
state “False” when the blocking delay is estimated to exceed the authorized maximum blocking
delay. If it is “False”, it justly indicates that the corresponding segment is estimated to be dropped
in one of the previous nodes.

As it is presented in Chapter 5, the other control information is considered by the JET-like signaling
protocol for a data burst specification. It indicates:


Offset time: the period of time separating the control packet and the associated burst transmission
start.



Burst-Length: Number of segments in the burst.



Routing information: Burst destination edge node. It is used during signaling step to establish a
lightpath for burst transmission.



Delay constraint: The maximum network-wide blocking delay for a data segment of the burst.



Loss constraint: Burst sensibility level to the traffic loss. It is used during contention resolution as
a decision criterion when the contending segments have the same delay constraints.
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Figure 8. 1: CAC-oriented Signaling Protocol: BHP Structure

4.2. Burst Admission Control Protocol
As it is mentioned above, the proposed burst admission control scheme is mainly based on the
exchange, during signaling phase, of control information needed for the estimation of the QoS that
may be provided to a data burst at a given network node on a given lightpath. A data burst
transmission request is accepted at a network node only when the estimated QoS may support the
specified QoS constraintes in terms of transmission delay and traffic loss. In case of acceptance, the
considered network node reserves the resources required for burst transmission. In case of rejection, a
reject message is sent back to all previous nodes to release reserved resources.
Implemented at each OBS node, the proposed burst admission control protocol can be presented as
follows:
• Input edge node (node 1):


Generate the burst header packet (BHP).



Do (Si_EBD, Si_E-State):=(0, True) for all burst segments.



Choose the appropriate output channel.



Send BHP to the next node of the choosed path.

• Intermediate or last (output) OBS node: node n (n≥2) :


Receive BHP.



Choose the appropriate output channel



Read (Si_EBD, Si_E-State) control informations



Update (Si_EBD, Si_E-State) parameters:
For (i:=1  Burst_Length) do
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{
if (Si-E-State=True)
{
o Estimate, Si_EBDn: the blocking delay that will undergo segment Si at node n.
o Update Si_EBD:
- Si_EBD:=Si_EBD+ Si_EBDn ;
o Update Si_E-State:
- If (Si_EBD>MBD) then Si_State:=False;
- If the the segment Si is estimated

to be dropped at node n due to the

unavailability of the buffering unit, then Si_E-State:=False;
} // end if
} // end for
Estimate the QoS that will be provided to the considered data burst up to node n; estimate



(ETLRn , EBDn), where:
- ETLn: traffic loss rate estimated at node n.
- EBDn: estimation of the blocking delay that will undergo the considered data burst up to
node n.
o ETLn:=(number of burst segments with Si_E-State=False)/Burst-Length;
o EBDn:=(Σ(Si_EBD), when Si_E-Sate=True)/(number of segments with Si_E-State=1);
Burst admission decision:



If ((ETLRn≤MLR)&(EBDn≤MBD)) // burst is accepted
{
o Reserve the needed resources in terms of wavelenghs and buffering units.
o If (node=output edge node)
- Send back confirmation message on the established lightpath;
Else
- Send BHP to the next OBS node on the chosen output channel;
} // end if (burst is accepted)
Else // burst is rejected
o Send reject message to the previous node (n-1)
• Rejection/confirmation message treatment at node n:


Receive message.



If (message= confirmation message)
o Send message to the previous node on the established path.
Else
{
o Realease resources reservation;
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o Send reject message to the previous node;
}
4.3. Resources reservation impacts
Using the above presented signaling and burst admission control schemes, a network node reserves,
when it accepts a burst transmission request, the needed resources (wavelengths, ODLs) for the
transmission of the corresponding data burst. Once reserved, these resources cannot be considered for
the transmission of an other contending data burst, which may be rejected if other resources are not
available. As it is presented above, reserved resources can be released due to the rejection of the
considered data burst at a downstream node. Therefore, these resources will not be used, although one
can find several contending bursts that have been rejected due to resources unavailability. This may
lead to an inefficient network resources utilization , as well as an important request rejection.
5. Simulation and numerical results
In order to validate the proposed QoS-oriented burst admission control approach, a simulation model
has been developed. In the sequel, we first present the simulation model and then some of the most
meaningful numerical results.
5.1. Simulation Model
- OBS network configuration: We consider an OBS network with the same topology as it is
presented in figure 5.1. The configuration of the simulated network supposes that each core node is
composed of two input/output ports. Each port is assumed to handle k optical channels with a
transmission capacity equal to 40.0 Gbit/s. A core node is also equipped of a WU with a buffering
capacity limited to d segments. Simulation experiments consider that, each edge node is connected
to the network core via a WDM link with two wavelengths. An input traffic is assumed to be
generated at each input channel of core nodes (C1, C2) of the evaluated network. The traffic
generated at an input channel of a core node is supposed to be uniformly distributed between its
output channels. Moreover, all traffic units must cross the same network nodes number before
reaching destination (E5, E6, E7, E8).
- Traffic model: An input traffic is composed of bursts of different traffic types. A burst is composed
of a set of fixed-length segments of the same traffic type. The inter arrival time between two
successive bursts is assumed to be exponentially distributed with a mean value called MTSSB (mean
time separating two successive bursts).
- Traffic types: Each traffic type is characterized by some QoS requirements in terms of traffic loss
and transfer delay. In our case, we have considered three traffic types, denoted by 0, 1, and 2. Type
0 is the most coercive traffic type. We assumed that the input traffic ratios for traffic types 0, 1, and
2 are fixed to 40%, 30%, and 30%, respectively. Other ratios have been considered to study the
impact of the input traffic repartition on the performances of the proposed scheme.
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- Performance metrics: The following performance metrics have been chosen to validate the
developed burst admission control scheme: The average burst rejection ratio, the average failed
resources reservation ratio, and the average failed reservation relative duration. A set of input
system parameters have been considered for the performance evaluation: the number of wavelengths
per network core link (k), the buffering capacity of a network node (d), the mean time separating
two successive bursts of an input traffic, and a burst length.
- Simulation model accuracy: The accuracy of the developed simulation model is ensured by the use
of random generators based on the well known pseudo-random numbers generator RAND. RAND
belongs to a class of multiplicative linear congruential pseudo-random numbers generators (LCPRNGs), which are well proved [72]. In addition to the use of suitable random generators,
simulations experiments are conducted using appropriate sample-sizes; thus improving the
credibility of the developed simulation model.
5.2. Simulations Results
Simulation experiments have mainly considered the impact of the above mentioned system input
parameters on the considered performance metrics. For all simulation experiments, we have
considered the following configuration: the network nodes number (N) is fixed to 8, a segment legth in
terms of transmission time (Segtt) is fixed to 5.0 µs, the maximum network-wide blocking delays for
(type 0, type 1, type 2) are fixed to (25µs, 50µs, 75µs), and the thresholds in terms of traffic loss are
fixed to (0.05, 0.15, 0.25).
5.2.1. Traffic admission control
Figure 8.2 shows the impact of the mean time separating two successive bursts (MTSSB) on the
average burst rejection ratio, Burstl= 20 segments, d=1000 segments, and k=3 wavelengths. The
figure shows that, for the different traffic types, the average burst rejection ratio decreases with the
increase of the duration of the period separating two successive bursts. This is because the increase of
the mean inter arrival time decreases the traffic load on each input channel, which reduces the
contention probability. This will reduce the estimated traffic loss ratio and the estimated network-wide
blocking delay for each data burst at each OBS core node n (ETLRn, EBDn), which will increase the
burst admission probability, and so decrease the rejection ratio.
In order to study the impact of the input traffic partition on the performances of the proposed scheme,
similar simulation experiments have been conducted with different traffic ratios. Figures 8.3 and 8.4
show the impact of the MTSSB on the average burst rejection ratio when the input traffic ratios for
traffic types (0, 1, 2) are respectively fixed to ( 20%, 40%, 40%) and (80%, 10%, 10%). Figures show
the same performance variations. Moreover, one can note, for the different traffic types, the increase
of the average burst rejection ratio with the increase of type 0 traffic ratio. This is because the increase
of type 0 traffic ratio increases the ratio of the most coercive traffic type, and thus increases the
contention probability with a very coercive type traffic unit. This will increase the estimated traffic
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loss and blocking delay for each data bursts, which increases the number of rejected request, and so
increases the average burst rejection ratio. In addition, simulation results show that, type 1 and type 2
average burst rejection ratios come closer with the increase of type 0 traffic ratio. This can be
explained as follows. The increase of type 0 traffic ratio increases the contention probability between
a type1/type2 traffic unit and a type 0 traffic unit, which reduces the contention probability between
type 1 and type 2 traffic units. This makes type1 and type 2 average burst rejection ratios more close.

Figure 8. 2: Average burst rejection ratio vs. Mean time separating two successive bursts

Figures 8.5 and 8.6 present the impact of the network transmission and buffering capacities variation
on the average burst rejection ratio respectively when, d=1000 segments, and k=4 wavelengths.
MTSSB is fixed to 50.0µs. Figures 8.5 and 8.6 show that the increase of the network buffering or
transmission capacity decreases the average burst rejection ratio, and so improves the performances of
the proposed scheme in terms of traffic admission capacity. This can be explained as follows. The
increase of the number of wavelengths per network link decreases the traffic load on each output
channel, which decreases the contention probability. This will decrease the estimated traffic loss ratio
and the network-wide blocking delay, for each data burst. Therefore the decrease of the rejection ratio
is observed. Moreover, the increase of the buffering capacity may decrease the loss probability due to
the lack of buffering units, which decreases the burst estimated traffic loss ratio, and thus decreases
the rejection ratio.
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Figure 8. 3: Average burst rejection ratio vs. Mean time separating two successive bursts when, the input
traffic ratios are fixed to ( 20%, 40%, 40%)

Figure 8. 4: Average burst rejection ratio vs. Mean time separating two successive bursts when, the input
traffic ratios are fixed to ( 80%, 10%, 10%)

165

Figure 8. 5: Average burst rejection ratio versus wavelengths number

Figure 8. 6: Average burst rejection ratio versus the buffering capacity
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Figures 8.7 plots the average burst rejection ratio versus Burstl when, MTSSB=50.0µs, d=1000
segments, and k=4 wavelengths. We observe that, for all traffic types, as the average burst rejection
ratio increases, Burstl rises. This is because the increase of Burstl increases the contention probability
at each output channel, and so increases the estimated traffic loss ratio and blocking delay for each
data burst. This will increase the number of rejected bursts, and thus increases the bursts rejection
ratio.

Figure 8. 7: Average burst rejection ratio versus burst length

5.2.2. Resource reservation impacts
As presented above, the proposed signaling and burst admission control protocols may lead to an
inefficient network resources utilization. This is particularly due to the fact that the rejection of a data
burst transmission request at a network node n will lead to the release of the reserved resources in all
upstream nodes. Thus, some network resources will be unused, eventhough one can find contending
data bursts that have been rejected due to resources unavailability.
For the sake of a complete study of the proposed burst admission control protocol, we have found it
useful to evaluate the following performances metrics: the average failed resources reservation ratio,
and the failed reservation mean duration [79]. A reservation is considered as failed when the
corresponding data burst transmission request is rejected at a downstream node. The duration of a
failed reservation at a network node n corresponds to the period of time separating the resources
reservation and the reception of the request rejection message. This parameter is given as a multiple of
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a delay, denoted by BFRD (or Basic Failed Reservation Delay), that sums the propagation delay of
the transmission request between two successive core nodes, the request treatment delay at a network
node, and the propagation delay of the reject message between two successive nodes.
a) Average failed resources reservation ratio
Figures 8.8, 8.9 and 8.10 present the impact of the mean time separating two successive bursts
(MTSSB), wavelengths number (k), and the buffering capacity (d) on the average failed resources
reservation ratio respectively when (k=3 wavelengths, d=1000 segments), (MTSSB=50.0µs, d=1000
segments), and (MTSSB=50.0µs, k=4 wavelengths). The figures show that the average failed
resources reservation ratio decreases with the increase of each one of the three considered parameters.
This is can be explained as follows. The increase of one of the considered parameters (MTSSB, k, d)
decreases the contention probability, which decreases the estimated traffic loss ratio blocking delay
for each data burst. This will reduce the number of rejected requests, and thus decrease the average
failed resources reservation ratio.

Figure 8. 8: Average failed resources reservation ratio vs. The mean time
separating two successive bursts
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Figure 8. 9: Average failed resources reservation ratio vs. Wavelengths number

Figure 8. 10: Average failed resources reservation ratio vs. The buffering capacity
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Figures 8.11 plots the average failed resources reservation ratio versus Burstl when, MTSSB=50.0µs,
k=3 wavelengths, and d=1000 segments. The figure shows that the average failed resources
reservation ratio increases with the increase of the burst length. This is because the increase of Burstl
increases the contention probability at each output channel, and so increases the estimated traffic loss
ratio and blocking delay for each data burst. This will augment the number of rejected bursts, and so
increase the average failed resources reservation ratio.

Figure 8. 11: Average failed resources reservation ratio vs. Burst length

b) Failed reservation mean duration
Figures 8.12-8.14present the impact of MTSSB, k, and d on the failed reservation relative mean
duration respectively when (k=3 wavelengths, d=1000 segments), (MTSSB=50.0µs, d=1000
segments), and (MTSSB=50.0µs, k=4 wavelengths). The figures show that the failed reservation
relative mean duration increases with the increase of each one of the three considered parameters. This
is because the increase of one of the considered parameters (MTSSB, k, d) decreases the contention
and blocking probabilities, which increases, for a given transmission request, the number of crossed
core nodes before being rejected. This will increase the duration of a failed reservation, and thus
increases the failed reservation relative mean duration.
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Figure 8. 12: Failed reservation relative mean delay vs. The mean time
separating two successive bursts

Figure 8. 13: Failed reservation relative mean delay vs. Wavelengths number
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Figure 8. 14: Failed reservation relative mean delay versus the buffering capacity

Figures 8.15 shows the impact of burst length variation on the failed reservation relative mean
duration when, MTSSB=50.0µs, k=3 wavelengths, and d=1000 segments. We observe that the failed
reservation relative mean duration decreases with the increase of the burst length. This is because the
increase of Burstl increases the contention and blocking probabilities, which increases the burst
rejection probability. This may decrease, for a given transmission request, the number of crossed core
nodes before being rejected. This will decrease the duration of a failed reservation, and thus decreases
the failed reservation relative mean duration.
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Figure 8. 15: Failed reservation relative mean delay versus burst length

6. Conclusion
One of the main issues in the deployment of the OBS technology is the development of a burst
admission control scheme that can efficiently handle QoS provision and network resource utilization.
In this chapter, we introduced a QoS-oriented approach to address the call admission control issue in
OBS networks. The developed approach is mainly based on the estimation of the QoS that may be
provided to a data burst. A new data burst is accepted at a network core node only when the estimated
QoS may support burst QoS-constraints in terms of traffic loss and blocking delay; hence, the
provision of a better QoS support and a more efficient resources utilization.
Particularly, we have addressed the development of a CAC study for the novel OBS network
architecture (chapter 5) based on the introduced QoS-oriented traffic admission control approach.
First, we have considered the implementation of the introduced approach based on the analytic model
developed in Chapter 6. Then, we have proposed a burst admission control and a novel signaling
scheme for the implementation of the proposed burst admission control approach over the considered
OBS network architecture. Finally, a simulation model has been developed to validate the proposed
schemes and evaluate its performances. Numerical results illustrate the capacity of the proposed
protocol in terms of QoS provision. For the sake of a complete study of the proposed protocol, we
have considered the evaluation of its impacts of on the efficiency of network resources utlization
through the evaluation of the two performances metrics: the average failed resources reservation ratio,
and the failed reservation mean duration.
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In this chapter, we have addressed the development a QoS-oriented burst admission control protocol
for a better QoS provision and more efficient resources over the OBS network architecture. Chapter 9,
will address the development of a performances monitoring scheme allowing congestion control and
QoS supervision over the considered OBS network architecture; hence, a more performante
deployment of the OBS technology.
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Chapter 9:
Performances Monitoring in OBS Networks
1. Introduction
Optical performance monitoring is one of the major issues in the deployment of OBS services. Optical
performance monitoring (OPM) in WDM all-optical networks aims to detect and respond to network
behaviors or events that can have a significant impact on the network performances, such as service
unavailability, QoS degradation, congestion problem, inefficient resources utilization, etc. Optical
performance monitoring can be broken down into three layers [32]. The first level is transport or
WDM layer monitoring, which considers transport and channel management at the WDM layer. It
particularly considers real time measurements of channel presence, optical signal noise ratio, and
power levels. The second level is signal quality layer monitoring, which locks onto a single
wavelength and performs signal quality measurements. The third level is protocol performance
monitoring that involves monitoring the performance of deployed network and traffic engineering
protocols. It mainly includes network resources utilization supervision, congestion control, and QoS
monitoring. Different schemes have been proposed for optical performance monitoring in WDM alloptical networks [32-37]. The majority of these schemes consider WDM layer and signal quality
monitoring [32-36]. A few works have addressed protocols performance monitoring (e.g., [37]). These
schemes are however limited to data link protocols through an electronic supervision of the bit error
rate (BER) parameter. Monitoring the performances of high layers traffic engineering protocols
(example: a contention resolution protocol, a QoS provision scheme) is still an open issue in the
development of optical burst switched networks.
In this chapter, we address the performances monitoring issue in the development of optical burst
switched networks. Particularly, we consider the development of a performance monitoring scheme
for the proposed OBS network architecture, when it implements the dynamic parameters based traffic
engineering protocol (Chapter 5). The proposed scheme mainly addresses congestion control and QoS
monitoring through a real-time measurement of the following parameters: network resources
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utilization ratios, traffic loss men rate, and average blocking delay [69]. It also considers signal power
and BER monitoring for service availability and signal quality supervision. We detail the different
components of the developed performance monitoring scheme. For each component, we mainly
present: parameters to supervise, measures to get, problems detection (alarms trigger), and the set of
actions to undertake in case of problem (i.e., feedbacks). We particularly address the development of
feedback mechanisms relative to congestion control and QoS supervision. The implementation of the
considered scheme requires significant signaling traffic exchange. We present a detailed specification
of the signaling task. In addition to the proposed schemes, a performance evaluation study, based on
simulation experiments, has been realized in order to validate the proposed schemes and analyze its
performances. Two performances parameters are considered: the traffic loss mean rate, and the
average blocking delay. Numerical results illustrate the capacity of the proposed scheme to improve
the network performances in terms of QoS provision [69].
The remaining part of this chapter is organized as follows. Section 2 presents the proposed monitoring
system. It details the proposed mechanisms for signal quality supervision, QoS monitoring, congestion
control, and channel presence supervision. Simulation experiments have been conducted in order to
validate the proposed schemes and study its features. The main results of these simulations are
presented in Section 3. Section 4 concludes the chapter.
2. Performance monitoring system
Optical performance monitoring (OPM) in WDM all-optical networks aims to detect and respond to
network events or behaviors that can have a significant impacts on network performances in terms of
the provided QoS, as well as the efficiency of the network resources utilization. As it is mentioned
above, OPM concerns three layers: the transport monitoring, the signal quality monitoring, and the
protocol performance monitoring. In this chapter, we address the development of a performances
monitoring scheme for the considered OBS network architecture. We particularly consider protocol
performance monitoring level, and we address congestion control and QoS monitoring through a realtime measurement of the three parameters: buffering unit utilization ratio, traffic loss men rate, and
average blocking delay. In addition to protocol performance monitoring, the developed scheme
integrates signal power and BER monitoring for channel presence (i.e., service availability), and
signal quality supervision. Implemented at each network node, the proposed monitoring scheme is
performed by the switch control unit (SCU) that manages control messages required for its
implementation.
In the following subsections, we give the details of the different components and mechanisms of the
developed performance monitoring system. For each mechanism, we present: the parameters to
supervise, the measures to get, the problems to detect (or alarms triggering), and the actions to
undertake in case of problem (i.e., feedbacks).
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2.1. Service Availability Monitoring
The parameters to supervise, measures to get, problem to detect, and feedbacks of the availability
monitoring are described as follows:
• Parameters to supervise: Signal power (SP).
• Measures to get: RSPn: Real signal power measured at the input of network node n of a given
lightpath. RSPn is an average value calculated over a specific period of time fixed by the network
administrator.
• Problem detection: A lower signal power threshold (LSPT) is specified by the network
administrator to detect a channel absence problem. A service unavailability problem is detected at
a node n when:
RSPn< LSPT
• Feedbacks:
 Network node n:
- Activates lightpath restoration mechanism. A control message must be sent to the next
and the previous node on the path for information.
- Activates the appropriate mechanisms to identify the problem: Operating failures, DoS
(Denial of Service) attack, etc.
2.2. Signal Quality Monitoring
Signal quality monitoring is characterized by the following:
• Parameters to supervise: Bit error rate, BER.
• Measures to get: RBERn: Real bit error rate measured at the input of network node n for a given
lightpath. RBERn is an average value computed over a specific period of time fixed by the network
administrator.
• Problem detection: A bit error rate threshold (BERT) is fixed by the network operator to detect a
signal degradation problem. A signal quality degradation is detected at node n when:
RBERn >BERT.
• Feedbacks:
 Network node n:
- Activates lightpath restoration mechanism. A control message is sent to the next and the
previous node on the path to undertake the appropriate actions.
- Activates the appropriate monitoring components to identify the problem: amplifier noise,
chromatic dispersion, interference effects, polarization effects, etc.
2.3. QoS monitoring
QoS monitoring is characterized by the following:
• Parameters to supervise: Based the adopted contention resolution scheme an absolute
transmission delay is provided over the considered OBS network architecture. Thus, only traffic
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loss parameter is considered for QoS monitoring for each traffic type i: TLRi, 0≤i≤N-1. Here, we
consider a system with N traffic types, where type 0 corresponds to the most coercive traffic type
in terms traffic loss and blocking delay.
• Measures to get: RTLRin: type i real traffic loss ratio calculated at core node n of the lightpath.
RTLRin is an average value calculated at node n over an appropriate period allowing a good
tradeoff between the communication overhead and the efficiency of the monitoring scheme.
• Problem detection: a maximum traffic loss ratio is imposed by each traffic type i: MTLRi. A type
i QoS degradation is detected at node n when:
RTLRin > MTLRi.
• Feedbacks:
 Core node n:
- Gives privilege to type i traffic units in case of contention. This may reduce the traffic
loss ratio for the considered traffic type, and thus avoid the QoS degradation problem.
When the problem is alleviated (i.e., RTLRin < MTLRi), traffic units will be transmitted
indifferently (i.e., contention resolution based on the adopted contention resolution
scheme as it is presented in chapter 5, section 3.1).
- Generates and send a forward control message to downstream nodes for information, in
order to undertake the same action.
- Sends a control message to the input edge node (Ingress node) to undertake the
appropriate actions when the problem persists.
 Ingress node:
o Accepted traffic:
- Reduces the input traffic rate. This may reduce contention probability and the traffic loss
ratio for the considered traffic type. The novel traffic rate can be estimated based on the
control information received form node n such as: resources occupancy, provided QoS,
etc.
- Sends a forward control message to downstream nodes to announce the novel traffic rate.
The novel traffic rate will be applied during a period of time estimated to be sufficient to
alleviate the QoS problem degradation at node n.
o New traffic:
- Reduces bursts length. This may reduce the inter-arrival time, which decrease the
contention probability, and thus reduce the traffic loss for the considered traffic type.
- Adjusts the burst admission control mechanism: Based on the estimation of the period of
time, ∆t, needed to alleviate the considered problem at node n, the ingress node will sent
request for burst transmission after a period of time ∆t. Thus, it is about “Requests for
delayed transmissions”.
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2.4. Congestion Control
Congestion control is built based on the following characteristics:
• Parameters to supervise: As it is presented above, the considered OBS node architecture
incorporates two kinds of resources: wavelengths used for traffic transmission, and FDL buffers
used for out port contention resolution. A FDL buffer is used only when all wavelengths on the
appropriate output channel are used. Therefore an excessive utilization of the buffering unit
implies a very excessive utilization of the transmission unit (wavelengths). As a consequence,
only one parameter has been considered for congestion control on an OBS network node: the
buffering unit utilization.
• Measures to get: RBUUn: real time measured buffering unit utilization ratio at network node n of
the crossed lightpath. RBUUn is an average value calculated at node n over an appropriate period
allowing a good tradeoff regarding the communication overhead and the efficiency of the
monitoring scheme.
• Problem detection: A buffering unit utilization threshold is fixed by the network operator to
control congestion problem in a network node: BUUT. A congestion problem is detected at node n
when:
RBUUn > BUUT.
• Feedbacks:
 Core node n:
- Discards blocked data segments, which we estimate that will be dropped due to contention
problems before reaching their destination. This will reduce the buffering unit utilization,
which may alleviate the congestion problem at node n. In order to avoid the generation of
a QoS degradation problem, node n starts by dropping type i data segments, when type i
has the better QoS at that moment; that is mean type i traffic type matches the following
expression:
(MTLRi – RTLRin) = Maximumj(MTLRj –RTLRjn)
- Sends a forward control message to downstream nodes for information to release
unnecessary reserved resources.
- Sends a feedback control message to the ingress node to undertake the appropriate actions
if the problem persists.
 Ingress node:
o Accepted traffic:
- Reduces the input traffic rate. This may reduce contention probability, which reduces the
blocking probability; thus, decrease the buffering unit occupancy, and alleviate the
congestion problem at network node n. The novel traffic rate can be estimated based on
the control information received form node n such as: resources occupancy, provided
QoS, etc.
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- Sends a forward control message to downstream nodes to announce the novel traffic rate.
The novel traffic rate will be applied during a period of time estimated to be sufficient to
alleviate the congestion problem at node n.
o New traffic:
- Reduces bursts length. This may reduce units inter-arrival time, which decrease the
blocking probability; thus, decreases the buffering unit utilization occupancy at node n,
and so resolve the congestion problem at node n.
- Adjusts the burst admission control mechanism: Requests for delayed transmission:
Ingress node will send request for bursts transmission after a period of time ∆t estimated
to be sufficient to resolve the congestion problem at node n.
3. Simulation and numerical results
In order to validate the proposed performance monitoring scheme, a performance evaluation study,
based on simulation experiments, has been realized. In the sequel, we first present the simulation
model and then some of the most meaningful numerical results.
3.1. Simulation Model
- OBS network configuration: We consider an OBS network with the same topology as it is
presented in figure 5.1. The configuration of the simulated network supposes that each core node is
composed of two input/output ports. Each port is assumed to handle k optical channels with a
transmission capacity equal to 40.0 Gbit/s. A core node is also equipped of a WU with a buffering
capacity limited to d segments. Simulation experiments consider that, each edge node is connected
to the network core via a WDM link with two wavelengths. An input traffic is assumed to be
generated at each input channel of core nodes (C1, C2) of the evaluated network. The traffic
generated at an input channel of a core node is supposed to be uniformly distributed between its
output channels.
In order to evaluate the capability of the developed monitoring scheme in terms of network
performances enhancement, two configurations of the considered OBS network architecture have
been evaluated: an OBS network architecture without a monitoring scheme, and an OBS network
architecture implementing the above presented monitoring system.
- Traffic model: An input traffic is composed of bursts of different traffic types. A burst is composed
of a set of fixed-length segments of the same traffic type. The inter arrival time between two
successive bursts is assumed to be exponentially distributed with a mean value called MTSSB (mean
time separating two successive bursts).
- Traffic types: Each traffic type is characterized by some QoS requirements in terms of traffic loss
and transfer delay. In our case, we have considered three traffic types, denoted by 0, 1, and 2. Type
0 is the most coercive traffic type. We assumed that the input traffic ratios for traffic types 0, 1, and
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2 are fixed to 40%, 30%, and 30%, respectively. Other ratios have been considered to study the
impact of the input traffic repartition on the performances of the proposed scheme.
- Performance metrics: Two metrics have been chosen to validate the proposed performances
monitoring scheme: The traffic loss mean rate, and the average blocking delay. A set of input
system parameters have been considered for performances evaluation: the mean time separating two
successive bursts of an input traffic, a burst length, and the number of wavelengths per network core
link (k).
- Simulation model accuracy: we have found it of great interest to present a clear indication about
the accuracy of the developed simulation model before presenting simulation results. The validity of
the developed simulation model is ensured by the use of random generators based on the well
known pseudo-random numbers generator RAND. RAND belongs to a class of multiplicative linear
congruential pseudo-random numbers generators (LC-PRNGs), which are well proved [72]. In
addition to the use of suitable random generators, simulations experiments are conducted using
appropriate sample-sizes; thus improving the credibility of the developed simulation model.
3.2. Simulations Results
In this subsection, we present some of the collected simulation results to validate the proposed
network perforances monitoring scheme. We particularly address the evaluation of the capacity of the
proposed scheme in terms of network performances improvement. We also show how key input
parameters affect the performance of the conisdered OBS network architecture.
Let note that, in order to reduce the complexity of the simulated configuration, we have considered
experimental values for different system input parameters. For all simulation experiments we have
considered the following configuration: the network nodes number (N) is fixed to 8, a segment legth in
terms of transmission time (Segtt) is fixed to 5.0 µs, the maximum network-wide blocking delays for
(type 0, type 1, type 2) are fixed to (25µs, 50µs, 75µs), and the thresholds in terms of traffic loss are
fixed to (0.05, 0.15, 0.25).
3.2.1. Traffic loss
Figure 9.1 presents the impact of the mean time separating two successive bursts (MTSSB) on the
traffic loss mean rate for the both considered OBS network configurations (with, and without
monitoring scheme) when, k=2 wavelengths, d=100 segments, and burst length (Burstl) is equal to 20
segments. We observe that, for different values of the MTSSB parameter, and for all traffic types, that
the OBS network architecture, which implements the proposed monitoring scheme provides a lower
traffic loss. This validates the capacity of the developed monitoring system in terms of traffic loss
reduction, and so network performances enhancement. Moreover, the figure shows that, the effect of
the considered monitoring scheme decreases with the increase of the MTSSB parameter. In fact, it
allows an important traffic loss reduction (about 12% for traffic type 2 ) for very low value of the
MTSSB, and a slight reduction (about 3% for traffic type 2) for MTSSB=100µs. This can be explained
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as follows: The increase of the MTSSB parameter decreases the traffic load on each input channel,
which reduces the contention probability. This will decrease the number of congestion and QoS
degradation as detected by the monitoring scheme, and so decreases its effects in terms of network
performances improvement. Also, the figure illustrates that, for all traffic types, the traffic loss mean
rate decreases with the increase of MTSSB. This is because the increase of the MTSSB parameter will
decrease the traffic load on each input channel, which may reduce the contention probability, and so
the decrease of the traffic loss mean rate.

Figure 9. 1: Traffic loss mean rate vs. The mean time separating two successive bursts

Figure 9.2 plots the traffic loss mean rate versus the wavelengths number for the both considered
OBS network configurations when, MTSSB=10µs, d=100 segments, and Burstl=20 segments. Like
figure 9.1, this figure validates the capacity of the developed monitoring scheme in terms of traffic
loss reduction, and thus network performance improvement. We also observe that, the capacity of the
considered monitoring scheme in terms of traffic loss reduction decreases with the increase of the
number of wavelengths per link. Indeed, it allows a small traffic loss reduction (about 3% for traffic
type 2) for six wavelengths per network core link, and an important reduction (about 12% for traffic
type 2) for k=1 wavelength. This is because the increase of the number of wavelengths per network
core link decreases the traffic load on each network channel, which may reduce the contention
probability on the different output channels. This will decrease the number of congestion and QoS
degradation as seen by the monitoring scheme, and so decreases its effects in terms of network
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performances improvement. In addition, we observe that, for all traffic types, the traffic loss mean rate
decreases with the increase of wavelengths number per a network core link. This corresponds to the
decrease of the traffic load on each output port; and thus, the decrease of contention and blocking
probabilities.

Figure 9. 2: Traffic loss mean rate vs. Wavelengths number

Figure 9.3 shows the impact of burst length (Burstl) on the traffic loss mean rate for the both
considered OBS network configurations when, MTSSB=10µs, d=100 segments, and k=2 wavelengths.
We observe that for differents burst lengths, and for all traffic types, the developed monitoring
scheme allows a network performances improvement in terms of traffic loss. Moreover, the figure
shows that, the considered monitoring scheme allows a small traffic loss reduction (about 2% for
traffic type 2) for a very low value of the Burstl parameter (Burstl=5 segments) ,and an important
reduction (about 13% for traffic type 2) for Burstl=40 segments. This is because the increase of
Burstl decreases the mean interarrival time, which will increase the contention probability, and so
increase the traffic loss, and the blocking probability. This will increase the number of congestion and
QoS degradation as detected by the monitoring scheme, and so increases its effects in terms of
network performances improvement. In addition, we observe that, for all traffic types, the traffic loss
mean rate increases with the increase of Burstl. This is because the increase of Burstl increases the
contention probability, and so the traffic loss ratio.
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Figure 9. 3: Traffic loss mean rate vs. Burst length

3.2.2. Blocking delay
Figure 9.4 presents the impact of MTSSB parameter on the average segment blocking delay for the
both considered OBS network configurations when, k=2 wavelengths, d=100 segments, and
Burstl=20 segments. The figure shows, for different values of the MTSSB parameter, and for all traffic
types, that the lower blocking delay is provided by the OBS network architecture, which implements
the proposed monitoring scheme. This validates the capacity of the developed monitoring system in
terms of blocking delay reduction, and so network-wide transfert delay improvement. Moreover,
figure 9.5 shows that, the developed monitoring scheme allows an important performance
improvement (about 8% for traffic type 2) for very low value of the MTSSB, and a little improvement
(about 1% for traffic type 2) for MTSSB=100µs. This is because the increase of the MTSSB parameter
decreases the traffic load on each input channel, which reduces the contention probability. This will
decrease the number of congestion and QoS degradation as detected by the monitoring scheme, and so
decreases its effects in terms of network performances improvement. Also, the figure shows that, for
all traffic types, the average blocking delay decreases with the increase of MTSSB. This corresponds to
the decrease the traffic load on each input channel; thus, the decrease of contention and blocking
probabilities, and so the decrease of the average blocking delay.
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Figure 9. 4: Average blocking delay vs. The mean time separating two successive bursts

Figure 9.5 plots the average segment blocking delay versus the wavelengths number for the both
considered OBS network configurations when, MTSSB=10µs, d=100 segments, and Burstl=20
segments. Like previous figures, this figure confirms the capacity of the developed monitoring scheme
in terms of network performance improvement. The figure shows that, the capacity of the of the
proposed monitoring scheme in terms of blocking delay reduction decreases with the increase of the
number of wavelengths per link. In fact, it allows a small blocking delay reduction (about 3% for
traffic type 2) for six wavelengths per network core link, and a important reduction (about 8% for
traffic type 2) for k=1 wavelength. This can be explained as follows: The increase of the number of
wavelengths per network core link decreases the traffic load on each network channel, which may
reduce the contention probability on the different output channels. This will decrease the number of
congestion and QoS degradation, and thus decreases its effects in terms of network performances
improvement. In addition, we observe that, for all traffic types, the average blocking delay decreases
with the increase of wavelengths number per a network core link. This is because the increase of the
number of wavelengths decreases the traffic load on each output port. This decreases the contention
and blocking probabilities, and so decreases the average segment blocking delay.
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Figure 9. 5: Average blocking delay vs. Wavelengths number

Figure 9.6 plots the average blosking delay versus the Burstl for the both considered OBS network
configurations when, MTSSB=10µs, d=100 segments, and k=2 wavelengths. We observe that for
differents burst lengths, and for all traffic types, the developed monitoring scheme allows a network
performances improvement in terms of average network-wide blocking delay. In addition, figure 9.6
illustrates that, the proposed monitoring scheme allows a little blocking delay reduction (about 2,5%
for traffic type 2) for a very low value of the Burstl parameter (Burstl=5 segments) ,and a important
reduction (about 10% for traffic type 2) for Burstl=40 segments. This can be explain as follows: The
increase of Burstl decreases the mean interarrival time, which will increase the contention probability,
and so increase the blocking probability. This will increase the number of congestion and QoS
degradation, and so increases its effects in terms of network performances improvement. In addition,
we observe that, for all traffic types, the average blocking delay increases with the increase of Burstl.
This is because the increase of Burstl increases the contention and the blocking probabilities, and so
the average network-wide blocking delay.
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Figure 9. 6: Average blocking delay vs. Burst length

4. Conclusion
One of the major issues in the deployment of the OBS technology is the development of a
performances monitoring scheme able to provide a better QoS support while offering a more efficient
network resources utilization. Monitoring aims to detect and respond to network events that can have
a significant impact on the network performances. In this chapter, we have addressed the performance
monitoring issue in the development of OBS networks. Basically, we have considered the
development of a performance monitoring scheme for the novel OBS network architecture introduced
in Chapter 5; thus, a more performante deployment of the OBS technology. We particularly have
addressed congestion control and QoS monitoring through a real-time measurement of three
parameters: buffering unit utilization ratio, traffic loss men rate, and average blocking delay. A set of
feedback mechanisms has been proposed for an efficient reaction in case of congestion and/or QoS
degradation. In addition to congestion control and QoS supervision, the developed scheme integrates
signal power and BER monitoring for service availability and signal quality supervision. In order to
validate the developed schemes, simulation activities have been conducted. Numerical results
illustrate the capacity of the developed monitoring scheme to improve the network performances in
terms of QoS provision. In fact, simulation results show that the considered OBS network architecture
provides lower traffic loss and blocking delays when implementing the proposed congestion control
and QoS monitoring schemes.
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Chapter 10:
Conclusion and Perspectives

Optical burst switching technology has been proposed as a new switching paradigm for WDM optical
networks and has emerged as a promising candidate for the optical transport layer of the next
generation optical Internet. However, the deployment of such technology needs to address several
critical issues affecting network performances. Contention resolution, QoS support, resources
optimization and network performances monitoring constitute some of the major issues in the
development of OBS services. In this dissertation, we have developed different schemes and protocols
to address some of the fundamental challenges faced by optical burst-switched networks. This chapter
summarizes the achieved work in this thesis, showing the major established contributions in every
axis. After that, it presents some problems that remain open and that may be considered in the future
as a continuity of this thesis.
1. Summary of contributions
Different studies have been developed to analyze the most important issues in the development of
optical burst-switched networks. Five axes have been explored including: contention resolution and
QoS support, OBS network modeling, network resources optimization, traffic admission control and
network performances monitoring. In the following, we present the major established contributions in
the different explored fields.
1.1. Contention resolution and QoS support
As it has been pointed out in a previous chapter, contention resolution and QoS support constitute the
most critical concerns in the development of OBS networks. Even though different propositions have
been developed in the literature to address these challenges, additional schemes are needed towards an
OBS network architecture suitable for contention resolution and QoS provisioning. In this thesis, we
have developed different schemes for an efficient contention resolution and QoS support over an OBS
network. First, we have introduced a segments-priorities based contention resolution approach to
handle contention problems and provide a service differentiation over a JET-based OBS network
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(chapter 3). The development of the considered approach has required the design of a new burst
assembly and segmentation scheme as well as a new JET-like signaling protocol. The main idea of our
approach is that, in addition to the burst related control information, the burst header packet carries
control information associated to each segment of the burst such as segment-priority and segmentlength. In case of contention between two data segments, the higher priority segment is transmitted,
whereas the lower priority packet is dropped, delayed or deflected depending on the implemented
contention resolution technique. A segments-priorities based dropping scheme has been considered
for the validation of the proposed approach. Simulation experiments have been conducted to evaluate
the considered scheme and study its features. Numerical results illustrated the capacity of the proposed
approach in terms of service differentiation and traffic class isolation. Also, it was established that the
proposed segments-priorities based contention resolution approach provides better performance than
the previously proposed bursts-priority based approach.
In addition to the proposed Segments-priorities based contention resolution approach, we have
developed a novel OBS node architecture suitable for contention resolution and QoS provisioning
(Chapter 4). The proposed architecture helps the provision of differentiated and optimized services to
IP packets through the use of a prioritized contention resolution scheme that is based on the
implementation of the Segments-priorities contention resolution approach (Chapter 3) in conjunction
with wavelength conversion and FDL buffering techniques [40, 41]. Simulation and analytic models
have been developed to evaluate the performances of the proposed architecture and study its features.
Numerical results shows that a service differentiation is guarantee, a significant low loss and delay are
ensured for high-priority traffic and acceptable performances are provided to the low-priorities traffic
classes. Due to the persistent usage of the Internet Protocol (IP), we have addressed the extension of
the proposed OBS node architecture to an OBS/OPS node architecture suitable for packets-based and
bursty traffic switching.
While it may provide differentiated and optimized services to IP packets, the proposed OBS network
architecture is limited to the provision of a relative QoS differentiation, which may be insufficient to
support emerging multimedia applications that required an absolute QoS guarantees in terms of traffic
loss and blocking delay. Different schemes have been proposed in the literature to provide an absolute
QoS guarantee over an OBS network. However, these schemes are limited to traffic loss handling, and
don’t provide any guarantee in terms of transmission delay. In this thesis, we have addressed the
provision of an absolute transmission delay guarantee over the proposed OBS network architecture
(Chapter 4). Particularly we have considered the development of a novel traffic engineering protocol
to make the OBS network able to provide an absolute transmission delay guarantee while considering
requirements in terms of traffic loss. The proposed protocol is mainly based on the use of a new
contention resolution method, which is based on dynamic parameters of the observed traffic instead of
static priorities. This fortunately allows a better QoS provision, and the optimization of resource
utilization. The development of the proposed scheme has required the extension of the JET-like
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signaling protocol to carry control information related to delay constraints of transmitted data bursts as
well as the development of a novel signaling scheme to control the blocking delay of each traffic unit
through the network. In order to validate the proposed approach and study its features, a performance
evaluation study, based on simulation, has been realized.
1.2. OBS network modeling
The second axis explored in this work is related to the development of an analytic model to help an
efficient mathematical analysis of the proposed schemes (chapter 6). First, we proposed a theoretical
model to analyze the performances of the OBS node architecture introduced in Chapter 4. Mainly, we
have addressed the analysis of the OBS/OPS node architecture based on a queuing network system
and a new conservation law. Two performances metrics have been considered: the packets-loss mean
rate and the packet-blocking mean delay. The proposed was validated through simulations. A good
agreement was shown between analysis and simulation results. This shows the accuracy of the
developed model.
In addition to OBS node architecture modeling, we have considered the development of an analytic
model to help a theoretical analysis of the OBS network architecture when it implements the dynamic
parameters based traffic engineering protocol (Chapter 5). First, we have addressed the modeling of
the proposed OBS node architecture through the development of a queueing network system and the
use of a new conservation law. The traffic loss mean rate, the average burst blocking delay and the
blocking probabilities due network resources unavailability have been analyzed. The developed model
has been then generalized at a path level, and an analytic model was developed for the analysis of any
OBS network path. Moreover, it was shown that the developed model could be easily generalized to
the whole network; thus, the provision of a mathematical tool for a theoretical analysis of the
considered OBS network architecture.
1.3. Resources optimization
The emerging of multimedia applications with various QoS requirements urges OBS networks to
provide QoS support. On the other hand, network resources dimensioning and optimization constitute
one of the most important issues in the development of OBS networks as it allows the reduction of the
network design and operation cost, which may be high due to the complexity and innovative character
of the current optical technology. In this context, we have proposed a QoS-oriented approach to
address OBS network resources dimensioning and optimization issues. The proposed approach is
mainly based on the network ability to support input traffics’ QoS constraints. This may help the
provision of efficient network resource utilization, while providing QoS support.
Based on the QoS-oriented optimization method, we have addressed the development of an
optimisation study for the OBS network architecture presented in chapter (5). Particularly, we have
considered the dimensioning and the optimization of the buffering and transmission units, which
constitute the main components of the considered architecture. A mathematical formulation has been
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established for these issues based on the analytic model developed for the analysis of the considered
OBS network architecture. In addition, a simulation model has beeen developed for an experimental
resolution of the considered network resources dimensioning and optimization problems. It has been
shown that based on experimental results, we can easily obtain an optimale network configuration to
support different input traffic types with various QoS requirements. Also, simulation experiments
have been conducted to show how key input system parameters may affect the performances of the
considered OBS network architecture.
1.4. Traffic admission control
OBS technology has emerged as a promising all-optical data transport technique that can potentially
provide efficient network resources utilization. However, the current state of such technology does not
offer a burst admission control scheme that can efficiently handle QoS provision and network resource
utilization, which may constitute a major challenge in service offerings over WDM. In this thesis, we
have introduced a QoS-oriented approach to address the call admission control (CAC) issue in the
development of OBS networks. The proposed approach is mainly based on the estimation of the
network capability to support a data burst QoS constraints.
Particularly, we have addressed the development of a CAC study for the OBS network architecture
(Chapter 5) based on the introduced approach. A QoS-oriented protocol has been developed for traffic
admission control over the considered OBS network architecture. Also, a CAC-oriented signaling
protocol has been developed based on the extension of the JET-like signaling protocol. Finally,
simulation experiments have been conducted to validate the proposed scheme and evaluate its
performances. Numerical results illustrate the capacity of the CAC protocol in terms of QoS
provision. For the sake of a complete study of the developed protocol, we have considered the
evaluation of its impact of on the efficiency of network resources utlization through the evaluation of
the two performances metrics: the average failed resources reservation ratio, and the failed reservation
mean duration.
1.5. Network performances monitoring
Optical performance monitoring is one of the major issues in the deployment of OBS services. Optical
performance monitoring (OPM) in WDM all-optical networks aims to detect and respond to network
behaviors or events that can have a significant impact on the network performances, such as service
unavailability, QoS degradation, congestion problem, inefficient resources utilization, etc. In this
work, we have addressed the performance monitoring issue in the development of OBS networks.
Basically, we have considered the development of a performance monitoring scheme for the OBS
network architecture introduced in chapter 5; thus, a more efficient deployment of the OBS
technology. Mainly, we have addressed the congestion control and the QoS monitoring through a realtime measurement of three parameters: buffering unit utilization, traffic loss mean rate, and average
blocking delay. A set of feedback mechanisms has been proposed for an efficient reaction in the case
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of congestion and/or QoS degradation. In addition to congestion control and QoS supervision, the
developed scheme integrates signal power and BER monitoring for service availability, and signal
quality supervision. In order to validate the developed schemes, a simulation has been conducted.
Numerical results illustrate the capacity of the developed monitoring scheme to improve the network
performances in terms of QoS provision. In fact, it was shown that the considered OBS network
architecture provides better performances when it implements the congestion control and QoS
monitoring schemes.
2. Future work
Many problems related to the topics of this thesis have not been addressed in this dissertation. This
may open new fields for future work. In the following are open issues that we plan to address in the
near future.
• Model validation: In chapter 6, we have developed an analytic model for the analysis of the OBS
network architecture introduced in chapter 5. In addition to network performances analysis, the
developed model has been of a great interest for the development of a set of mechanisms needed
for a better QoS provision and more efficient resources utilization over the considered OBS
network architecture. However, in the presented work, we have not addressed the validation of the
developed model that we considered achievable through simulation. A future work may address
the development of a specific validation approach of the considered model through:
o An analytic resolution of the established expressions in the ease of different network
configurations;
o The evaluation of measurement errors on the accuracy of the simulation model; and
o The development of a complete model allowing the management of the physical features of
waiting units.
• Dynamic CAC: In chapter 8, we have proposed a QoS-oriented burst admission control protocol
for the novel OBS network architecture (chapter 5). The developed protocol is based on a mean
value analysis (MVA) of the traffic loss and blocking delay that may be provided to a data burst of
a given traffic type. Even though, it is relatively easy to implement, an MVA-based CAC scheme
may lead to false decisions in terms of traffic admission, which may lead to network performances
degradation in terms of QoS provision and network resources utilization. One important
enhancement of the developed scheme is to consider variability in terms of network resources
availability, input traffic load, and so the variability in terms of the QoS provided to a data burst of
a given type. This may reduce decision errors, and improve the network performances. A
mathematical model needs to be developed for a dynamic analysis of the considered OBS network
architecture; thus, a real time estimation of the network resources availability and the QoS that may
be provided to a given data burst.
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• Switching and routing security: In addition to the above analyzed issues, optical burst switched
networks face another crucial issue; the offer of security as required by different applications [81].
Security concern is part of the QoS provision. WDM networks are vulnerable to various forms of
service denials or eavesdropping attacks. Attacks on WDM networks can be classified into three
different categories [37, 80, 81]: (a) quality of service (QoS) degradation, in which the attacker
overpowers legitimate optical signals with attack signals; (b) traffic analysis and eavesdropping,
in which the attacker analyzes the traffic and attempts to degrade its quality and (c) service denial,
where the optical signal is disrupted by the attackers. While most of the traditional security issues
pertaining to traditional networks are applicable to optical networks equipped with converters, the
nature of the signal makes it hard to apply these security mechanisms in all optical networks. The
development of mechanisms to prevent and detect these types of attacks is an active area of
research, which is still in its infancy stage. A Future work may consider the security issue in OBS
networks, and specifically address the security of the novel introduced OBS network architecture
and signaling.
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