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Chapter 1

Chapter 1

Introduction
1.1. Need for Optical Networks
Information revolution implies that the information can be presented, analyzed, and transmitted in an
efficient manner. Information moving over the networks can be voice, video, computer data or text.
Computers are facilitating the processing and analysis of information, while the transfer of information
is achieved through the use of communication networks. In recent years, the increasing popularity of
Internet has resulted in a rapidly growing demand for network bandwidth. It is expected that
traditional networks will not be able to support the massive traffic resulting from emerging highbandwidth applications. Multimedia applications demand is creating an incredible pressure on the
existing telephony infrastructures, which is designed to handle predictable connection-oriented voice
traffic. With traditional networks, users are seeing reduced performance of the Internet, including high
delays and link failures. New technologies are, thus, needed to support the bandwidth requirements of
users and provide support for new services.
Optical fiber technology is becoming the dominant factor to meet these demands thanks to its
potential capabilities: huge bandwidth, low signal attenuation, low power requirement, low material
usage, small space requirement, and low operation cost (compared to copper cables) are among the
major features. Equipped with the optical technology, networks are becoming the appropriate
infrastructure for Internet transport. Given the large difference between optical fiber transmission
capacity and electronic data transport, it is expected that optical fibers can better scale the increasing
volume of information to transport.
Currently, links in long life networks consist almost entirely of optical fibers, with hundreds of
thousands of miles of new fibers being deployed every year. The optical fiber offers increased capacity
by allowing higher transmission rates over longer distances as compared to copper wires. However,
the bandwidth is still limited by the electronic processing and switching speeds at the communication
nodes. Several optical multiplexing technologies are used to provide data traffic transmission using
optical fiber such as the time division multiplexing (TDM), synchronous optical network (SONET)
and synchronous digital hierarchy (SDH). Presently, the SONET/SDH layer is used with many
networks to provide protection and mechanisms for an efficient bandwidth utilization. The
SONET/SDH framing structure is prevalent for use in voice transmission in optical networks. A new
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flexible framing scheme is required for the next generation optical networks to support multi-protocol
encapsulation, network resources management, and quality of service (QoS).
The fiber bandwidth can be further exploited by dividing the bandwidth into a set of channels
allowing different wavelengths and by operating each channel at a large rate. This technique is known
as wavelength division multiplexing (WDM). A WDM network not only provides a huge amount of
bandwidth, but can also offer data transparency in which the network is able to carry signals of
arbitrary format. Data transparency is achieved through all-optical transmission and switching of
signals without electronic conversions at the network core. The major challenge in deploying WDM is
to design architectures and protocols that take full advantage of the benefits offered by WDM
technology. At the same time, the proposed architectures must consider the limitations imposed by
current optical device technologies. In addition, these architectures must support critical services such
as transmitting traffic with variable rate and traffic with bursty constraint, while efficiently using the
network resources.
There are several optical technologies used to support optical communication, namely wavelength
routing (WR), optical packet switching (OPS), optical burst switching (OBS), and optical label
switching (OLS). In WR, end users communicate with one another via all optical WDM channels,
which are referred to as lightpaths. OPS technique is capable of dynamically allocating network
resources at the packet-level granularity, while offering high scalability. OBS is designed to achieve a
balance between the coarse-grained WR and the fine-grained OPS. An OLS network is proposed to
overcome OPS shortcomings, increase node throughput, provide all-optically switching capability, and
support QoS based on label paradigm.

1.2. Evolution of Optical Networks
The bandwidth is expected to increase with time. Therefore, a technology in optical fiber networks
is directed towards achieving high capacity optical networks. High capacities in optical networks can
be achieved by using various optical components and multiplexing techniques. In this section, we
present an overview of the major optical multiplexing technologies.
1.2.1. Optical multiplexing technologies
The need for multiplexing is driven by the fact that it is much more economical to transmit data at
higher rates over a single fiber than to transmit it at lower rates over multiple fibers. Multiplexing and
demultiplexing aim at transmitting multiple signals over a single communication channel. The two
common multiplexing techniques are: (a) FDM (Frequency Division Multiplexing), which separates
signals by modulating the data onto different carrier frequencies; and (b) TDM, which separates
signals by interleaving bits, one after the other [1].
TDM is a scheme that combines numerous signals for transmission on a single communication
channel. Each channel is divided into many time intervals/slots, each having very short duration. A
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multiplexer at the source of a communication link accepts the input from each individual end-user,
divides each signal into segments and assigns the segments to time slots in a rotating sequence.
SONET divides a fiber path into multiple logical channels, tributaries, which are based on STS-1
(synchronous transport signal level 1) or OC1 (optical carrier level 1) signals. Both operate at a basic
signal rate (51.84 Mbps); STS describes electrical signals, and OC refers to the same traffic when it is
converted into optical signals. SDH defines a structure which enables plesiochronous signals to be
combined together and encapsulated within a standard SDH signal [1]. Using SDH, all equipments are
synchronized to an overall network clock. It is worth noting, however, that the delay associated with a
transmission link may vary slightly with time.
1.2.2. WDM concept, advantages and limits
WDM technology attempts to benefit from the large available bandwidth in the optical fiber where
many non-overlapping frequency bands can operate simultaneously to build several powerful optical
paths. In the following subsection, we introduce the basic concepts of this technology and highlight its
advantages and limitations.
Basic concepts
WDM is defined as “A technique used in optical fiber communications, by which two or more optical
signals having different wavelengths may be combined and simultaneously transmitted in the same
direction over one fiber and then these signals are separated, by wavelength, at the distant end” [2].
Consequently, WDM is a technology that levels up the optical fiber cable in ways that more than
double its available bandwidth compared to a single wavelength fiber. The basic idea in WDM
consists in transmitting simultaneously several signals using different wavelengths per fiber. As
illustrated in Figure 1.1, a simple example shows four optical signals carried with wavelengths λ1, λ2,
λ3 and λ4 are multiplexed in WDM and transmitted simultaneously in the same direction over a single
optical fiber. Today, WDM can benefit from the huge optoelectronic bandwidth by requiring that
equipment operates at an electronic rate allowing the multiple WDM channels issued from different
end-users to be multiplexed on the same fiber. Using WDM technology, the optical transmission
spectrum is structured into a number of non-overlapping wavelength bands, with each supporting a
single communication channel.
WDM evolution, advantages and limits
It has expected that the large part of future network traffic will be IP-based and that the evolution will
go towards IP over WDM networks, where several approaches have already been proposed [1, 2].
Each additional layer brings naturally some extra overhead to transmission. The standard IP over
ATM over SONET/SDH over WDM mapping can be considered as an inefficient solution. Some other
methods consider the use of IP/MPLS over WDM solution called, λ-labeling or optical label (lambda)
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switching. It is expected that the next generation of Internet will use WDM-based optical backbones.
Current development activities indicate that WDM networks will be deployed mainly as backbone
networks for small and large regions, as well as metropolitan areas. End-users to whom the backbone
will be transparent will be connected to the network through a wavelength-sensitive switching/routing
node.

WDM Multiplexer
λ1
λ2

WDM Demultiplexer
λ1

Optical
Amplifier

λ2

λ3
λ1, λ2, λ3, λ4

λ4

λ3
λ4

WDM Transmitters

Figure 1.1: WDM transmission system.

The evolution of WDM technology has outpaced the development of applicable standards by far.
This has created a global concern regarding interoperability. Recently, the ITU-T has recommended
that vendors use wavelengths in the spectrum range of 1520 - 1565 nm. However, such a wide range
provides hundreds of system/product variations. Even when vendors agree to use the same
wavelengths, there are still problems of switching channels between networks. There are no immediate
standards that take into account factors such as fault management or power levels for WDM networks
[3]. WDM main advantages include signal transparency, scalability, flexibility and possibility of
upgrading fiber bandwidth. The transparency property makes it possible to support various data
formats and services simultaneously. In addition to flexibility, transparency protects investments with
respect to future developments.
As networks migrate from simple point-to-point WDM to optical rings with optical add/drop
multiplexers (OADM) while covering applications that span from metropolitan area to ultra-long haul,
it becomes increasingly important to migrate from metro-regional transport infrastructures to
reconfigurable, manageable and cost-effective architectures. WDM network components such as
reconfigurable Optical Add Drop Multiplexer (OADM) and Optical Cross/connect (OXC) can be used
to create WDM networks that can be operated in provisioned mode (Wavelength routing) or in
switched mode (packet/burst/label switching).
Because of their obvious advantages, WDM networks are rapidly deployed in long distance
carriers, local carriers, and enterprise networks. However, there are still a few limitations to consider
for WDM networks. One limitation to be taken into account is the nonlinearity characteristics of the
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optical fiber. Optical fiber nonlinearities have a significant impact on the performance of WDM
networks. Unless corrected, these nonlinearities will lead to attenuation, distortion, and cross-channel
interference [4]. They also place constraints on the spacing between adjacent wavelength channels,
reduce the maximum power per channel, and limit the maximum bit rate offered by each channel.
Another limiting factor is the use of wavelength converters, which is considered as barely
commercially available, and may not be economically justifiable since the cost is directly proportional
to the number of nodes in the network. Moreover, several switch architectures have been proposed to
allow the sharing of converters among various signals at a single switch. However, experiments have
shown that the performance of such networks saturate when the number of converters at a switch
increases beyond a certain threshold [5].

1.3. Optical Switching Technologies
Figure 1.2 shows the evolution of optical transport or switching technologies [6, 7]. The first
generation called Point-to-Point WDM network is based on Point-to-Point WDM links. With this
technology, all incoming traffic on an input fiber is dropped and converted from optical to electronic
domain; and all outgoing traffic is converted back from electronic to optical domain before being sent
on the outgoing fiber. The dropping and adding process can be applied at every node and link used
from the source to the destination incurs significant overhead in terms of switch complexity and data
traffic cost. The second optical transport generation is based on OADM, which can add and drop
traffic and select the appropriate wavelength on the output port to transmit the incoming traffic. In
general, the amount of transmitted traffic in the network is significantly higher than the data traffic that
needs to be dropped at a specific node [66, 67].
In the third generation, namely wavelength routed network, end users communicate using alloptical WDM channels, which are referred to as lightpaths. Typically, a lightpath may be static or
dynamic. When static, the entire set of connections are known in advance; and the problem is then to
set up lightpaths for these connections while minimizing network resources such as the wavelength
number. When dynamic, a lightpath is set up for each connection request as it arrives and the lightpath
is released after some finite amount of time (based on implicit or explicit release). The objective of
dynamic method is to set up a lightpath and assign wavelengths in a manner that minimizes the
amount of connection blocking maximizes the number of connections that are established in the
network. Wavelength-routed connections are fairly static and may not be able to accommodate the
highly variable Internet traffic efficiently.
To meet the growing bandwidth demands in a metropolitan or a long-haul environment, transport
methodologies that support fast resource provisioning and handle traffic with the appropriate
granularity must be developed. Moreover, the rapid increase in data traffic suggests that all-optical
WDM networking technologies, which are capable of switching at sub-wavelength granularity, are
attractive for meeting diverse traffic demands on next-generation networks. For this reason, in this

16

Chapter 1
dissertation, we focus on the switching techniques which have been proposed in the literature for
transporting IP traffic over WDM-based optical networks. The existing architecture related to IP over
WDM networks can be classified as optical packet switching (OPS) networks, optical burst switching
(OBS), and optical label switching networks (OLS) networks.

Optical Transport Technologies

Optical Label
Switched Network
Optical Packet
Switched Network
Optical Burst
Switched Network
Wavelength
Routed Network
Wavelength Add-drop
Multiplexer Network
Point-to-Point
WDM network
Time

Figure 1.2: Evolution of optical transport technologies.

1.3.1. Optical packet switching technique
In OPS networks, a data flow is broken up into packets of small size before they are transmitted.
Routing information is added to the overhead of each packet so that intermediate switches between the
source and destination are able to forward the packets arriving to them. An OPS technology is capable
of dynamically allocating optical network resources at the packet-level granularity, while offering
large scalability [6, 8, 20]. In OPS networks, bit-level synchronization and fast clock recovery are
required for packet header recognition and packet delineation. In general, all-optical packet-switched
networks can be divided into two categories: slotted (or synchronous) and unslotted (or asynchronous).
OPS synchronization
The need for a synchronizer in an optical switch is due to delay variations between nodes observed by
the optical packets. These variations are caused by the distance that the packet travels, chromatic
dispersion and temperature variations. Optical packet switched networks can be classified into two
categories including slotted and unslotted OPS networks [9].
•

Slotted network: In slotted networks, packets have a fixed size. The size of slots is larger than

the packet size to allow a guard interval after each packet. Since a node has input fibers from
different upstream nodes, the slot boundaries on these fibers are not synchronized. There will be
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time variation of these boundaries due to propagation distances and temperature changes. Some
synchronization mechanisms are needed to align the slots before the packets enter the space
switch. Such mechanisms can be realized using switched fiber delay lines (FDL) of different
lengths to create the desired delays with limited resolution. Slotted networks have fewer
contentions than unslotted networks because the packets are of the same size and are transmitted
in a jointly manner.
•

Unslotted network: As described in slotted networks, each packet consists of a header and a

payload. The header carries the information required for packet routing while the payload contains
the pure data user. In unslotted networks, packets may not have the same size and can enter the
switch without being aligned. Therefore, the packet-by-packet switch action could take place at
any point in time [10]. This can lead to contention between incoming packets needing the same
outgoing resource. The risk of contention is high because the behavior of the packets is more
unpredictable and less regulated. The unslotted networks are easier and cheaper to build, more
robust, and more flexible compared to slotted networks.
OPS switching issues
Optical packet switching is a promising technology as it offers high capacity and data transparency. It
is currently in an experimental stage and is not largely implemented commercially, due to the lack of
random access memory equivalents in the optical domain. The network control and routing is
performed electronically and the routing information located in the packet header must be converted to
electrical form for ensuring the routing process. This problem can be solved by transferring the
payload and the header with different transmission rates. The header can be transmitted with relatively
slow rate so that it is possible to process the header of the packet electronically, while the data can be
transmitted fast in order to benefit from the transmission media. The header and the payload can be
sent consecutively separated by a guard interval. In OPS networks and photonic slot routing networks,
headers are sent in their own channels for building the special optical path for data traffic transmission.
While synchronization is an important issue in OPS networks, most of the proposed optical
switches are synchronous and use constant length packets. This makes controlling and managing the
switch easier and facilitates routing and buffering [11]. Consequently, there is a need for a careful
investigation of the synchronization concept for making the design and implementation of OPS
technique with variable IP packet length practical and deployable [54, 55]. The synchronization
process is usually managed using FDL while the issue in OPS networks is the regeneration of the
optical signal. Optical regenerators are divided in three classes: 1R regenerators are capable of
amplification, 2R regenerators can amplify and reshape signal, and 3R regenerators can amplify,
reshape and re-time signal. Today's OPS networks cannot forward and buffer data traffic entirely in
the optical domain. The optical signals are converted to the electrical form before switching and
processing at each switch/router over the OPS network core. This means that the major advantages of
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optical packet switching, (e.g., speed and efficiency) are lost due to the delay incurred during these
processes [8, 12].
1.3.2. Optical burst switching technique
Optical burst switching (OBS) technique has received a great attention in recent years as one of the
most promising technologies to carry the next-generation optical Internet. OBS combines the
advantages of WR and OPS networks, while reducing their shortcomings. In OBS networks, the
control plane and data plane are separated, and the signaling scheme is performed out-of-band [10].
While the control plane is done electronically, the data traffic is transmitted all-optically over OBS
network core. Several challenging aspects in OBS networks need to be discussed, such as burst
assembly policies and signaling. In the following, we will review some well-know proposed burst
assembly schemes.
Burst Assembly
One solution, used by OBS, is to aggregate (or assemble) packets into bursts at ingress nodes, in order
to keep switching time and associated guard band inefficiencies negligible with respect to the burst
sizes. Burst assembly algorithms are divided into three techniques: threshold-based, timer-based and
hybrid assembly policy [12].
•

Threshold-based burst assembly: This technique requires a single and configurable

parameter that corresponds to the burst length (set of packets) stored in the input queue. If the
arriving packet reaches this size, the assembled burst is scheduled to be sent and its packets are
immediately removed from the waiting queue [7, 10]. This method offers no delay guarantees
under low input offered load. It may need to wait for a long period of time until the burst length is
reached. However, under high input offered load, the considered threshold can be quickly reached
and delay minimized.
•

Timer-based burst assembly: This method requires a single and configurable parameter

which is a time period corresponding roughly to the inter-departure times of the bursts. A time
period for each queue is started at the initialization of system and when a first packet arrives after
the appropriate queue has been emptied [7, 12]. At the expiration of the timer, the burst assembler
generates a burst containing all the packets in the buffer at that point. Under low input load
conditions, the method guarantees a fixed minimum delay. However, under high input offered
load, it may generate bursts that are very of large size.
•

Hybrid assembly policy: The threshold-based and timer-based algorithms can be used

simultaneously to benefit from the advantages of both schemes. In such hybrid system, the burst is
sent when one of the constraints is reached [7]. For periods of low input load, the timer would
expire first, resulting in deterministic burst spacing, but randomly sized bursts. For periods of high
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input load the threshold would be reached first, resulting in randomly spaced, but constant sized
bursts.
OBS signaling schemes
Signaling and reservation represent fundamental criteria upon which OBS can be differentiated from
other optical transport technologies. OBS adopts an out-of-band signaling technique, where the burst
header packet (BHP) is sent ahead of its burst separated by an offset time. When a burst is transported
over the optical path, a signaling scheme must be implemented in order to allocate the required
resources and configure intermediate switches. Signaling may be implemented in-band, in which a
header is transmitted on the wavelength used to transmit the data burst, or out-of-band, where the burst
header is transmitted on a separate wavelength. Typically, the connection setup phase of an OBS
signaling technique can be one-way or two-way based. In the one-way scheme, the source sends out a
control packet requesting the intermediate nodes on the optical path to allocate the needed resources
for the data burst transport. The main objective of the one-way based signaling is to minimize the endto-end delay. Unfortunately, this objective leads to high data loss due to contention of data bursts. In
the two-way scheme, the request for a resource is sent and an acknowledgment message confirming a
successful assignment of the requested resources is sent back by the destination to the source. The
burst is transmitted only after a connection is established successfully. If any intermediate node in the
selected optical path is busy, then the request is blocked and the intermediate node takes suitable
actions to release all the previously reserved links, if any. The source node can choose to retry or drop
the request. Therefore, the primary objective of the two way-based techniques is to minimize packet
loss, but such an objective leads to high delays. OBS signaling scheme can be divided into four
techniques. In the following, we describe briefly the different signaling schemes.
•

Just-Enough-Time (JET) Scheme: In JET technique, a source node first sends a BHP on an

out-of-band control channel toward the destination node. The BHP is processed at each subsequent
node on the path in order to establish an all-optical path for the corresponding data burst. If the
reservation is successful, the switch will be configured prior to the burst arrival. During this phase,
the burst waits at the source node (i.e., ingress edge node) in the electronic domain. After a
predetermined offset time, the burst is sent optically on the chosen wavelength [10]. The offset
time is computed based on the number of hops from the source to the destination and the
switching time of a core node. To determine an optimum offset time, edge nodes should have a
global view about the physical topology and logical one.
•

Just-In-Time (JIT) Scheme: The JIT signaling technique uses immediate reservation, while

JET signaling adopts delayed reservation. In general, immediate reservation is simple and practical
to implement, but incurs higher blocking due to inefficient bandwidth allocation. On the other
hand, implementation of delayed reservation is more involved, but leads to a higher bandwidth
utilization. Delayed reservation and immediate reservation can be incorporated into any signaling
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technique, if the underlying node maintains the relevant information. JIT is similar to JET except
that JIT employs immediate reservation and explicit release instead of delayed reservation and
implicit release.
•

Tell-And-Wait (TAW) Scheme: In TAW technique, a “SETUP” control packet is sent along

the burst route to collect channel availability information at every core 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 the intermediate nodes. A
“CONFIRM” control packet is sent in the reverse direction, which reserves the channel for the
requested duration. At each node along the path, if the required channel is already occupied, a
“RELEASE” control packet is sent to destination to release the previously reserved resources. If
the “CONFIRM” control packet reaches the source successfully, then the burst is sent into the
network core [7, 10]. In TAW scheme, resources are reserved at each node only for the requested
duration. Also, if the requested duration is known during the optical path establishment, then an
implicit release scheme can be followed to maximize bandwidth utilization.
•

Tell-And-Go (TAG) Scheme: In TAG technique, a source first sends a control packet on a

separate control channel to reserve optical network resources (wavelengths and switches) along a
path for the following data which, unlike circuit-switching, can be sent on a data channel without
having to receive an acknowledgment first. This implies that the offset time can be less than the
circuit setup time or even equal to 0 as in optical packet-switching. After the burst is sent, another
control signal is sent to release the reserved resources. In this scheme, the burst is transmitted
immediately after the control packet [10]. When arriving to an intermediate node, the control
packet attempts to reserve the necessary resources to schedule the burst.
OBS switching issues
Optical burst switching has received considerable attention as an alternative to optical packet
switching. However, this technology is currently in an experimental stage and is not largely
implemented commercially [10], due to the lack of an efficient optical layer management and the use
of complex architecture. The network architecture needs to be dimensioned and optimized to help
resolving contention with efficient resources utilization and provide QoS provision. Since OBS
networks provide connectionless transport, there is a possibility that the bursts contend with one
another at an intermediate node. OBS networks usually work over bufferless optical architecture.
Based on a differentiation scheme, one contended burst is switched to its original path, whereas the
other can be converted or deflected to an alternative path on the outgoing link, if any. If there is no
available path, the entire burst is dropped resulting in a high burst loss which produces a negative
effect on the OBS network behavior and QoS requirements. In addition, the use of wavelength
conversion and deflection routing methods require adjusting the control plane to adapt the alternative
optical path with the original path. The second important issue in OBS networks is the design of
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optical burst switches insuring optical buffering. By implementing optical buffering, a buffer may be
used to hold the burst for a viable time. Note that, in any optical buffer architecture, the buffer is
severely limited by physical space limitations. To delay a single burst for 1 millisecond requires over
200 km of fiber length using the current techniques. Due to the size limitation of optical buffers, a
node may be unable to effectively handle high load or bursty traffic conditions.
The third critical issue in OBS networks is burst assembly. One problem in burst assembly is how
to choose the appropriate timer and threshold to minimize contention, burst loss, and burst blocking
delay. If the threshold is too low, then bursts will be short, generating an over dimensioning of
network control plane, and a higher number of bursts leads to a higher contention number. If the
switch reconfiguration time is non-negligible, then shorter bursts will lead to lower network utilization
due to the high switching time overhead for each switched burst. On the other hand, if the threshold is
too high, then the bursts will be long and reduce the total number of bursts injected into the network is
reduced. Hence, the number of contention in the network will be lower compared to the case of having
shorter bursts, but the number of packets lost per contention will increase. Thus, there is a tradeoff
between the number of contentions and the average number of packets lost per contention.
1.3.3. Toward optical label switching technique
Optical label switching has been developed to manage efficiently the optical layer, optimize the
physical resources, provide fast switching protocols, and support for applications with multiple QoS
requirements. OLS attempts to offer seamless integration of data and optical networking while
supporting burst-based traffic and packet-based traffic handling using the label paradigm. This
technique provides various QoS differentiation including two separates planes, control plane and data
plane, to facilitate the protocol and format independence for data payloads. Interoperability with IP
and other client networks can be achieved using OLS technique. In OLS networks, the key concept is
an efficient and transparent packet forwarding method using a limited size label switching mechanism.
OLS technique defines a new signaling scheme based on optical labels, which are carried in-band or
out-of-band to build the appropriate optical path used for providing data traffic transport.
The optical label structure, containing switching and control information (such as the source,
destination, priority and packet length), will propagate through the network along with the related data
payload. Each OLS core node reads the optical label, looks up to the forwarding table and takes the
necessary steps to forward the packets. During the optical label processing phase, the corresponding
packet is delayed using a FDL at the input interface before entering the OLS switch fabric. The goal is
to reduce the need to manage a delay (guard time) separating the optical label and its payload. Optical
label switching technology attempts to overcome OPS networks shortcomings such as electronic
conversion and synchronization before header processing, by introducing new switching approaches.
Also, it introduces additional functions to overcome the aforementioned issues related to OPS and
OBS networks.
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1.4. Optical Label Switching Issues
In recent years, optical label switching has received significant attention as one of the most
promising solution to support finer optical switching granularity. OLS combines the advantages of
optical burst switching and optical packet switching, while overcoming some of their shortcomings.
For this, the design of a novel architecture, which has the ability to handle packet-based and burstbased traffic, constitutes an intermediate phase for the design of OLS networking platform. This
platform can considered as a suitable support of the next-generation optical Internet. Moreover, the
design of the proposed node architecture has required the introduction of new optical mechanisms,
components, and concepts to achieve service integration in a unique infrastructure, while making an
efficient use of network resources.
The aforementioned architecture considers the provision of the service differentiation and
optimization of IP packet-based traffic management. However, this scheme has some drawbacks: One
of the major drawbacks in OLS networks is the difficulty of storing data in the optical domain when
contention occurs, due to the lack of suitable components in this technology. The FDL buffer and
wavelength converter are the optical components adopted to overcome this problem. Another issue
needs to be taken into consideration in OLS networking is the capacity planning and dimensioning of
the architecture. Due to the changes in architectures and protocols driving information processing
inside the nodes, the OLS network planning must be studied with properly designed tools, capable to
deal with many special characteristics. The third critical issue in OLS networks is the design and
implementation of service differentiation and resources utilization that can enable better QoS support
and achieve a high level of QoS satisfaction for various traffic types.

1.5. Thesis Statement and Contributions
This thesis aims at enriching optical and all-optical communications by adding several techniques and
concepts useful for traffic engineering, and uses them to design network architectures and related
protocols to overcome the shortcomings that have been identified and discussed in the previous
section. Three main research fields have been explored including OLS network design and modeling,
QoS provision, and OLS network planning and resource management issue.
1.5.1. Design and modeling
The first issue is about the design of a node architecture that is able to handle different traffic types.
Two switching techniques have been proposed to manage the service parameters related to the
electronic and optical processing for both packet-based traffic and burst-based traffic. The first
switching technique is proposed to handle packet traffic, while the second scheme is responsible for
managing burst mode. Two signaling schemes have been also introduced to setup the appropriate
lightpaths exploited during the switching process through the optical network core. The proposed node
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architecture and the associated protocols are deployed to design and model an OLS network suitable
for different IP traffics handling for optimizing the proposed architecture and using integrated
signaling and switching schemes. The motivation behind the introduction of OLS technology is to
combine the fundamental functionality provided by OPS and OBS technologies through a unified
networking architecture, while overcoming the shortcomings and actual limits of OPS, and the
complexity of OBS networks.
Node and network design and modeling
Optical network should be able to support, process, and transfer two categories of IP traffics: traffic
with variable rate and traffic with bursty condition. Generally, the first mode can be managed using
OPS technology which is characterized by the lack of optical random access memory. The second
mode can be handled based on OBS technology using a given signaling protocol chosen among the
aforementioned schemes which have been identified as causing significant contention. By combining
the advantages of the aforementioned technologies and solving some of the fundamental limitations,
the novel node architecture has been proposed for both packet and burst modes. The design of this
architecture has required the use of new optical components and the introduction of new approaches
and concepts to enhance the existing signaling and switching schemes. This architecture contains the
optical components that insure the identification of the incoming optical unit to trigger the appropriate
switching scheme. However, the proposed architecture cannot solve all of OPS and OBS shortcomings
and cannot apply a unified transport networking architecture, where integrated switching and signaling
schemes are performed. Therefore, there is the need for the introduction of a technology that can
provide a unified transport infrastructure. This can be achieved through the design of an OLS core
node architecture that considers the proposed architecture and its associated schemes as an
intermediate step in the design and modeling of OLS networks.
Signaling and switching protocols
The main characteristic of the proposed node architecture is its ability to handle simultaneously
multiple granularities such as the packet and burst levels. To make this function more efficient, we
have proposed a novel signaling protocols and enhanced the existing signaling scheme performed in
the optical switching networks. For this, two signaling protocols have been proposed: the first, called
ATM-like protocol, is used to set up optical paths for packet-based traffic handling, while the second
is called Jet-like signaling protocol. It is dedicated to build optical paths for burst-based traffics. Based
on the lightpath built during the signaling phase, the proposed architecture develops multiple
granularity schemes of switching depending on received data unit to switch. Signaling and switching
schemes have been addressed through the use of label related signaling and switching protocols that
handle IP traffic and enable a support to most services. With OLS technology, the proposed OLS core
node architecture performs a unique signaling scheme which includes LSP establishment that defines
the route between a source and a destination node. Unlike the aforementioned signaling scheme, the
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OLS signaling protocol is out-of-band two-way signaling. It is based on a 2-step task: label requesting
and label mapping. Moreover, OLS technology offers an open signaling and switching protocols
which can be extended to support multiple advanced functionalities including resource management
and QoS support. This makes the OLS technology more practical and deployable.
1.5.2. QoS management
The second issue explored in this thesis is related to QoS provision in OLS networks. QoS provision
can be performed by the use of the core node architecture and efficient contention resolution methods.
A prioritized QoS differentiation has been introduced for contention resolution to enable better QoS
provision based on the IP packet priority and through the use of wavelength conversion and optical
buffering. This approach is improved with the use of dynamic QoS differentiation to support QoS
satisfaction for applications with various constraints. With this approach, an IP packet traffic is
accepted and handled based on a set of QoS requirements that the network will be able to guarantee its
transfer along a transmission optical path.
QoS-based contention resolution
Contention resolution is another critical issue affecting optical switched network. Contention occurs
when multiple packets arriving are destined to the same output port and the same wavelength at the
same time. In resolving contention, one can reduce packet loss, provide an acceptable packet blocking
delay, and enhance the throughput for the high priority traffics. For this purpose, a novel contention
resolution scheme has been proposed, in which the contending units are handled based on the concept
of virtual label, and using wavelength conversion and deflection capabilities. This approach allows a
high priority packet to preempt a low priority packet and enables full class isolation between packets
with different priorities. It achieves an acceptable of satisfaction of the QoS requirements in terms of
loss and blocking delay and combines wavelength conversion and optical buffering techniques. In
addition, a prioritized QoS differentiation has been proposed, where the core node performs FDL
buffering followed by wavelength conversion.
Dynamic QoS differentiation
Using a prioritized-based QoS model, the OLS network resources allocation and utilization cannot be
optimized and the service differentiation cannot achieve a high level of QoS satisfaction. This model is
characterized by a lack of accurate control of the performance parameters and some parameter
constraints can not be guaranteed, nor can they be affected by overall network behaviors. To alleviate
these problems, a scalable approach based on the dynamic management of a set of traffic performance
parameters has been developed. This approach can handle the differentiated service requirements of
the incoming traffic and provide QoS support for applications with diverse QoS demands using the
contention resolution method and real-time traffic parameters estimation. It is based on a novel
concept, called dynamic LSP establishment, which is introduced to estimate the dynamic QoS

25

Chapter 1
parameters, process link performance parameters, and exchange parameters applied to the incoming
traffic along a lightpath.
1.5.3. Planning and resources management
The third issue addressed in this thesis deals with OLS network planning and resources management.
Dimensioning and optimization problem formulations at the node-level, path-level, and network-level
have been proposed to help achieving an efficient OLS network planning policy. Several protocols for
providing optical resource management have been introduced to support admission control and
provide congestion avoidance mechanisms.
Planning and dimensioning
To implement a suitable networking and operation, several planning issues have been addressed in
OLS Networks. Two fundamentals activities can be considered: dimensioning and optimization. OLS
networks can be dimensioned and optimized to provide the required resources in terms of transmission
capacity (e.g., number wavelengths per link) and buffering capability (e.g., number of FDLs per node)
and to enable better QoS management. The formulation of the resource optimization problem in the
OLS network can be made based on the traffic parameters and QoS requirements. To this end, an
analytic model based on a conservation law and queuing model for networks has been developed.
Simulation experiments for the performance evaluation of the proposed approach have been developed
and several numerical results have been presented, and analyzed to solve and validate the proposed
dimensioning and optimization approach.
Admission control
To perform the management of available resources and provide QoS support, an admission control
scheme has been proposed, where QoS parameters can be managed according to network resources
availability in terms of link and buffering capacities. Traditional OLS signaling scheme provides an
over-dimensioning of resource allocation, inefficient use of the allocated resources, and a relatively
higher signaling cost. The reason behind the development of the proposed traffic admission control
approach is to improve the available resource utilization and guarantee the traffic requirements. This
purpose can be achieved through the estimation of resource availability, an ad-hoc resource allocation,
and the management of traffic contracts. An analytic model for the proposed admission control has
been developed based on a conservation law and queuing network model. A simulation model for the
performance evaluation of the proposed approach has been developed. The most of meaningful
simulation results have been presented and analyzed.
Congestion avoidance
To increase the use of the available resources in OLS network, the congestion avoidance problem has
been addressed to manage network resources and control network performance. Accordingly, another
signaling protocol has been introduced through the use of novel control label frameworks to adjust the
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input traffic load and adapt the contention resolution. The design of the proposed scheme considers the
management of buffering capability at the related LSP-core nodes. Moreover, a suitable algorithm has
been proposed for handling the requested QoS requirements and the offered resources through an outof-band two-way signaling scheme. A simulation model for the performance evaluation of the
proposed scheme has been developed in which the obtained numerical results are discussed in order to
show how this new technique can improve the resources utilization.

1.6. Organization of the Dissertation
The remaining part of this dissertation consists of eight chapters structured as follows:
Chapter 2 describes the state of the art of OLS technology and discusses the fundamental issues
faced by OLS networks, such as the design of node and network architecture, signaling, switching,
contention resolution, and QoS support. It presents first OLS signaling and focuses on the
different labels used to set up a lightpath for the incoming traffic from an ingress node to an egress
node. It discusses the label switching paradigm and stresses on the label switching frameworks
and label structures. It also analyzes different critical issues affecting OLS network including
architecture and protocols and outlines a set of requirements to be fulfilled for providing an
optimal approach related to the traffic transmission. In addition, it provides a survey of the current
literature related to the contention resolution methods, used for resolving conflicting packets and
providing QoS requirements in terms of packet loss and packet blocking delay. Finally, it
introduces the design and modeling issues in optical switched networks for OLS management.
Chapter 3 proposes a node architecture suitable for IP data traffic handling and optical label
management, and discusses prioritized contention resolution and QoS support. It emphasizes on
the packet mode and burst mode synchronization for OLS management and presents the
advantages and disadvantages of each scheme. It also presented a proposed signaling protocol,
entitled ATM-like protocol appropriate for packet handling. It recalls the different signaling
techniques used for bursty mode and presents a proposed protocol, entitled Jet-like protocol,
which is suitable for lightpath establishment in optical switched networks. The Chapter also
presents an analytic model developed for the performance evaluation of the proposed node
architecture. Moreover, it describes a simulation model developed for the performance evaluation
of the proposed architecture and discusses the different numerical results obtained. Finally, it
summarizes the contribution of this Chapter and discusses the design and modeling issues in OLS
networks.
Chapter 4 discusses the design of an OLS network, where the proposed core node architecture
and its associated schemes have been designed to design and modeling an OLS network
architecture. It investigates a novel approach related to signaling and switching built on the
proposed architecture. It also describes how this architecture can handle the contending packets. In
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addition, it presents the fundamental functionality of the proposed contention resolution scheme,
which is based on virtual label management and the use of FDL buffering, wavelength conversion,
and deflection routing as well as the aggregation of previous methods. It presents the analytical
model developed for the performance evaluation of the proposed network architecture and shows
that this model can be analyzed based on a novel conservation law and queuing network model.
Besides, the Chapter describes a simulation model developed for the performance evaluation of
the proposed network architecture and discusses the different numerical results. Finally, it recalls
the benefit of the proposed architecture and shows that the proposed approach can enhance service
differentiation provided for high-priority classes of traffic. Moreover, it justifies the need for
dynamic service differentiation in OLS networks through of the use of traffic requirements.
Chapter 5 discusses prioritized QoS differentiation and demonstrates that this protocol cannot
provide efficient resources utilization and cannot achieve a high level of QoS satisfaction. It
proposes the dynamic QoS differentiation approach for contention resolution and provides a
detailed description of a dynamic QoS model and describes how this model is implemented at
each core node. Moreover, it develops in detail an analytic model for OLS core nodes and
describes the generalization of the previous model to provide a path level and network with traffic
flowing from everywhere. It describes the simulation model developed for the performance
evaluation of the proposed QoS model and discusses the obtained numerical results. Finally, it
shows that the proposed scheme is easily scalable to support multiple traffic types with variable
QoS requirements.
Chapter 6 discusses some planning issues in OLS networks and shows that a planning approach
can be made based on dimensioning and optimization activities. It shows how an optical network
can be dimensioned and optimized to provide the required resources for OLS network and how
these resources can be efficiently managed through the use of dynamic QoS handling and mean
values analysis. It also discusses the optimization of buffering and wavelength capabilities at the
network design phase. In addition, it develops an analytic model to help dimensioning and
optimization problem formulation based on the conservation law and network queuing model. It
describes the simulation model developed for the performance evaluation of the proposed
approach and discusses the obtained numerical results. Finally, it shows that the proposed
approach is flexible, scalable and suitable for addressing various QoS parameters, and introduces
the admission control issue in OLS networks.
Chapter 7 discusses how the admission control protocol can optimize the use of the available
resources and demonstrates that this protocol can be made based on a specific signaling protocol
and QoS provision. It proposes a novel admission control scheme according to network resources
availabilities. It also demonstrates that the existing signaling scheme provides an overdimensioning of resource allocation, inefficient use of the allocated resources and higher signaling
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cost. In addition, it demonstrates that the proposed scheme is made based on the estimation of
resource availability, ad-hoc resource allocation, and requested QoS requirements. The Chapter
presents the developed analytic model for the proposed approach applicable at the nodes path and
network levels. In addition, it describes the simulation model developed for the performance
evaluation of the proposed scheme and discusses the obtained numerical results. Finally, it
presents how the proposed protocol can improve efficiently the resource allocation policy. It also
introduces the congestion avoidance issue to monitor optical resources utilization in OLS
networks.
Chapter 8 discusses congestion avoidance in OLS networks and presents the signaling tasks
enhancement introduced by using a control label framework for adjusting the LSP traffic load, at
the ingress node, and adapting the adopted contention resolution at LSP-core nodes. It develops a
suitable algorithm allowing the management of requested QoS requirements and the offered
resources through the use of out-of-band two-way signaling tasks. It also presents the proposed
signaling protocol and shows how and where the congestion avoidance mechanism can be
implemented. The design of the proposed protocol considers the management of dynamic
buffering capability at the LSP-core nodes. It describes the simulation model developed for the
performance evaluation of the proposed approach. It also presents a simulation model and
discusses the obtained numerical results. Finally, it shows that the proposed approach can
effectively reduce packet loss and packet blocking delay compared to the scheme adopting
admission control only.
Chapter 9 summarizes the contributions of this dissertation and stresses on the different
approaches and aspects proposed, architectures and schemes, proposed. It presents the OLS
networks multicasting issues and discusses various strategies for implementing of multicasting
aspect for improving resource utilization. It also discusses the security issues in OLS network.
Moreover, it discusses the motivation of the implementation of a monitoring process over OLS
networks in the near future and discusses the design of new monitoring scheme through the use of
an extended congestion avoidance protocol presented in this dissertation. Finally, it discusses the
future of all-optical label switching (AOLS) networks and investigates an advanced approach
related to network architecture and protocols that can be implemented to enable an efficient optical
label management.
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Optical Label Switching Networks:
A Survey
2.1. Introduction
Based on WDM technique, optical transmission technologies have been increasingly developed to
meet the explosive growth of Internet traffic and demand for large bandwidth. Optical transmission is
efficiently established, while optical switching technologies continue to progress rapidly. MultiProtocol Label Switching (MPLS) [13, 14] is a recent technology that has been proposed for IP
networks to increase node throughput and enhance switching functions for multiple services.
Throughput increase is achieved by providing fast forwarding at the data link layer, while service
differentiation is made based on the labels to allow an efficient load balancing for QoS provision. To
provide more efficiency to MPLS in terms of forwarding and QoS support, the optical label switching
(OLS) has been introduced [15, 16]. The motivation of this introduction is to discuss the use of the
label paradigm in WDM optical networks, and how it provides better optical resources utilization and
QoS support. It also overcomes some limitations in supporting optical layer management with the
need for QoS support. Two approaches are mainly considered: (MPLambdaS) MPλS [14, 16] and
photonic label switching. Considering that there are many different technologies underlying the datalink and physical layers, the Generalized Multi-Protocol Label Switching (GMPLS, [14, 16]) is
proposed to extend MPLS to cover multiple switching levels such as time-division, wavelength, and
spatial (or fiber) switching. It provides a common control plan that undertakes to simplify network
operation by automating end-to-end provisioning of connections, managing network resources, and
providing the QoS that is expected by the constraining applications and services.
OLS technology combines significant advantages of OPS and OBS switching technologies while
overcoming their shortcomings as discussed in the first Chapter of this dissertation. The key fields in
the design of optical label switched network are the development of efficient platform operation,
network architecture and protocols, and providing efficiently the fundamental functions, such as
signaling and switching. Switching can guarantee the transfer of an incoming traffic through the
network from a source node to a destination node based on an established lightpath. Signaling can
allow the lightpath establishment and control plane management. Specifically, to set up a lightpath, a
signaling protocol is required to exchange control information between the nodes to allocate network
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resources. Signaling schemes can also be used to resolve contention through the use of several specific
contention resolution methods, [18, 39]. The use of these methods varies according to network
features including network architecture and protocols. Different signaling protocols have been
proposed for the implementation of OLS technology. Among these protocols, we can mention the inband/out-of-band scheme [12, 20] and the one-way/two-way scheme [7, 13]. Moreover, signaling and
switching can contribute to provide QoS support and allow exploiting the advantages of optical
components that perform efficiently switching tasks and control.
This Chapter gives a detailed survey of the OLS literature and analyzes the fundamental functions
of the OLS network architectures. Particularly signaling, switching, contention resolution, and QoS
support are considered. It also discusses their weaknesses and introduces the proposed enhancements
that overcome the discussed shortcomings and provide more efficiency to OLS networking.

2.2. OLS Networks Architecture
In OLS networks, the incoming data traffic can be accepted and transmitted through the network
transparently in the all-optical domain through the use of a set of available labels built during signaling
[12, 13]. During this phase, control labels are sent toward the requested destination to establish a
lightpath, called Label Switching Path (LSP). Labels should carry the information used to update the
switching tables of the OLS core nodes [13]. IP packets belonging to the accepted data traffic follow
the assigned LSP. Normally, all packets follow the same LSP nodes if no contention occurs at each
core node of the related LSP during IP packets transfer, from the source node to the destination node.
Each IP packet is preceded by a label containing switching requirements and control information
which are used to provide the switching process at every LSP node. A core node belonging to a given
LSP performs the appropriate switching function based on switching label information. The switching
processes are performed at the electronic domain and insured conversion tasks from the optical
domain to the electronic one. Figure 2.1 shows an OLS network composed by a set of edge nodes and
core nodes interconnected with WDM or DWDM links. The link between two nodes can be
unidirectional or bidirectional depending on network features.
2.2.1. Edge node architecture
The source nodes receive the incoming data traffic consisting of a set of IP packets and perform an
electronic/optics/electronic (E/O/E) conversion function using electronic/Optic (E/O) converters and
Optic/electronic (O/E) converters. The edge node identifies the required resources and performs the
lightpath establishment. The source edge node is referred to as ingress edge node and the destination
edge node is called the egress edge node. After LSP establishment, the ingress node accepts data
traffic, inserts a switching label ahead of each packet belonging to the accepted traffic, and begins data
traffic transmission. A Switching label is useful during the packet transmission from the ingress node
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to the egress node. The egress node, upon receiving the packet, removes the switching labels attached
to the packets. Then, the packet will be delivered to its destination
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Figure 2.1: OLS network architecture.

2.2.2. Core node architecture
The core node architecture is depicted by Figure 2.2. It mainly consists of an optical cross/connect
(OXC), a switch control unit (SCU), and an input FDL for each wavelength. SCU is responsible for
the switching process of the arriving packet based on a switching table. The switching process is
achieved in the electronic domain using an OXC based on the switching label information. When the
core node identifies the arriving packet, it detects its switching label and converts from optics to
electronics using O/E converters. A guard time is inserted between the label and its associated packet
to allow the core node to easily identify labels and packet boundaries. During label processing, the
related IP packet is delayed using an input FDL which has the required length to buffer the optical
packet. The core node consults its switching table and identifies the intended output port. It updates
the switching label and converts this label to the optical domain. It attaches the converted label to the
related packet and switches this packet to the identified output port. This process is repeated at each
core node until it arrives to the intended destination.
2.2.3. OLS network architecture challenges and enhancement
To our knowledge, a few works have addressed the design of a core node architecture built based on
OPS and OBS technologies to provide an integrated transport networking infrastructure for improving
resource allocation and enhancing switching process [11, 19, 47, 75]. However, these works have not
considered several issues including the optical synchronization, the utilization of buffering and
wavelength conversion capabilities, and QoS provision. In Chapter 3, we investigate the design of a
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hybrid core node architecture that takes the advantages of a combined use of OPS and OBS
technologies. The design of this architecture has required the introduction of additional optical
components and new aspects to enable the traffic transport over a heterogeneous infrastructure.
Supporting IP services requires not only that a matured infrastructure provides the needed
function, but also a careful study of an optimized platform that enables more functionality. In Chapter
4, we investigate the design of a unified transport networking framework that introduces OLS
technology for optimizing the proposed architecture and uses integrated signaling and switching
schemes. The motivation behind the introduction of OLS technology is to integrate the fundamental
functionality provided by OPS and OBS networks using a unified platform.
While the proposed OLS network architecture and schemes offer an environment that reduces the
cost and size of the core network component and enables efficient traffic management, the network
capacity planning and dimensioning problem remains unsolved. In Chapter 6, we investigate a novel
planning and dimensioning approach for the optimization of the proposed OLS network architecture
including buffering and transmission capacities. This approach focuses on minimizing the network
architecture cost while improving resources utilization and traffic management.
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Figure 2.2: OLS core node architecture.

2.3. OLS Signaling Scheme
Signaling is a critical task that can affect the performance of an OLS network. A signaling scheme
aims at constructing lightpaths and scheduling data traffic on a particular set of wavelengths. Different
signaling schemes can be adopted for OLS networks in which the transfer of data traffic is preceded by
the setup of a lightpath. The lightpath defines a path between the source and destination composed by
the association of wavelengths in the fiber links along the chosen route. In this section, we provide a
survey of the current literature related to MPLS signaling protocols, one-way/two-way and in
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band/out-of-band signaling schemes. In addition, we discuss the advantages and limits of each of
them.
2.3.1. MPLS signaling protocols
In order to reserve resources and manage the LSPs built over an OLS network, it is necessary for the
network to have an efficient signaling plane. Two protocols have been investigated to provide this
plane: resource reservation protocol with traffic engineering extensions (RSVP-TE) and label
distribution protocol with constraint-based routing (CR-LDP). They both provide label distribution
and LSP establishment. The main difference between the two protocols is the direction in which the
resources are allocated during the signaling process and the transport protocol used. In the sequel, we
summarize these protocols.
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Figure 2.3: RSVP-TE signaling scheme.

RSVP-TE
RSVP-TE operates by providing resources in the reverse direction along the LSP and uses raw IP as
an exchange protocol of information. Figure 2.3 depicts the major steps of RSVP-TE:
(1) The source sends a RSVP-TE “Path Message” to the receiver to establish the connection;
(2) When the ingress LER (Label Edge Router) receives the “Path Message” it inserts a “Label
Request” into the “Path Message” to request a label binding. The modified “Path Message” is then
forwarded to the adjacent LSR (Label Switch Router). The forwarding continues until the “Path
Message” is received by the egress LER;
(3) When the egress LER receives the “Path Message” it generates a “Resv Message” which
includes a “Label Object.” The egress LER then propagates the “Resv Message” back to the
adjacent LSR;
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(4) When the adjacent LSRs receive the “Resv Message” they will reserve the necessary
resources, enter the new LSP label into their forwarding table, and forward the “Resv Message”
onto the next adjacent LSR, back towards the source;
(5) If, however, an LSR does not accept the “Resv Message” for reasons such as unavailability of
resources, the LSR will respond to the egress LER with a request to terminate signaling;
(6) Once the ingress LER receives the “Resv Message” it appends the label to the data packets and
forwards the traffic through the network along the predetermined LSP;
(7) Each intermediate LSR along the LSP will inspect only the label, compare it to its forwarding
table, and deliver the packet to the next LSR in the LSP; and
(8) When the egress LER receives the OLS packets it will remove the label and deliver the packets
to the destination [32, 33].
CR-LDP
CR-LDP operates by allowing resources in the forward direction and uses TCP as its transport
protocol. Resources are allocated along each segment of the network in turn. Several methods of label
distribution can be implemented with CR-LDP. Downstream-unsolicited and hop-by-hop/explicit
route downstream-on-demand label distribution can be implemented. Figure 2.4 depicts the
downstream-unsolicited label distribution utilizing CR-LDP signaling. The distribution is
accomplished when the egress LER advertises without a label request: (a) the egress LER sends out a
label mapping message advertisement to its adjacent LSR; (b) the adjacent LSR then reserves the
resources for that egress LER and forwards it on to its adjacent LSR; and (c) once the ingress LER
receives this message, the LSP is established.
Downstream-on-demand label distribution can occur by explicit routing or hop-by-hop. While the
former involves the pre-establishment of an intended LSP path prior to signaling, the latter operates by
reserving the resources in the forward direction, one segment at a time, toward destination. The latter
operates as follows:
(1) The source attempts to send traffic to destination through the ingress LER,
(2) The ingress LER generates a Label Request and distributes it to the adjacent LSR,
(3) If an adjacent LSR accepts the Label Request and can allocate the requested resources, it
forwards the Label Request to its adjacent LSR in the direction of destination,
(4) Once the Label Request is accepted by the egress LER, the latter generates a Label Mapping
and sends it back. When an LSR receives the Label Mapping, it checks the Label
identification with the one occurring in the Label Request Message. If it matches, the LSR
adds the label to its forwarding table and forwards the Label Mapping to the next adjacent
LSR in the direction of the source,
(5) When the ingress LER receives the Label Mapping, it checks the Label ID and adds it to the
forwarding table,
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(6) The label is attached to the packets and the traffic is forwarded through the OLS network along
the predefined LSP, without deep packet inspection; and
(7) When the traffic reaches the egress LER, the label is removed [32, 34].
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Figure 2.4: CR-LDP signaling scheme.

2.3.2. OLS signaling schemes
Signaling task is an important issue, since the edge node and core nodes have not the ability to switch
the incoming traffic. Signaling scheme can be divided into two optical connection kinds: one-way or
two-way protocol and in-bound or out-of bound protocol.
One-way or two-way signaling schemes
The optical connection setup phase of any signaling scheme can be either one-way or two-way as it is
depicted in Figure 2.5 In one-way-based signaling, the edge node sends out a control label requesting
the core nodes to establish a lightpath that will be used to transmit IP packet traffic. No signaling
control, acknowledgment, is sent back to the egress node to inform about the established lightpath.
The objective of this signaling scheme is to minimize the signaling phase duration and the end-to-end
transfer data traffic delay [7, 14]. Unfortunately, this objective leads to a high data loss due to
contention between IP packets.
The two-way signaling scheme is based on two labels types: the control label and mapping label,
as it is shown in Figure 2.5 The first type of label is created and sent by the ingress edge node to
establish an available lightpath. The second one is sent back from the egress node to the ingress edge
node to confirm the lightpath establishment and update the switching tables located at the core nodes
involved by the lightpath. After lightpath establishment, the ingress node accepts data traffic, inserts a
switching label a head of each accepted packet, and begins the data traffic transmission phase [14, 15].
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The aim of this scheme is to minimize the packet loss. However, such an objective leads to a high data
delay due to round-trip delay during signaling.
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Figure 2.5: One-way and two-way signaling schemes.

In-band or out-of-band signaling
The lightpath establishment tasks of any optical signaling scheme can be either in-band or out-ofband. In-band-based signaling scheme, the edge node sends out a control label requesting the lightpath
building exploring the set of wavelengths used for data traffic transmission. Hence, the available
wavelengths per WDM link is shared by the control plane and data plane [14]. The primary objective
of this scheme is to minimize the number of wavelengths per link, and network cost. Unfortunately,
this objective leads to an out-of-order delivery of different signaling labels and to end-to-end transfer
delays. Also, the identification process of the data plane and control plane at each core node can be
provided by the use of optical components which can increase the network cost and provide an overdimensioning of the core node functionality.
In the out-band-based signaling scheme, control labels are transmitted on a separate wavelength
from data traffic and the label processing at each core node is performed at electronic domain [14, 34].
During lightpath establishment, the core node can easily detect and handle data plane and control
plane. This scheme mainly attempts to efficiently guarantee fast signaling tasks, while using separate
planes. It aims also to minimize the optical components use during the design of the node architecture.
Therefore, it reduces network cost, and avoid high data delay delivery and unacceptable packet loss
due the contention problem. Unfortunately, these objectives lead to the use of more wavelengths per
DWDM link.
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Toward two way and out-of-band signaling
Typically, the signaling protocols provide the requested functionalities for LSP building and data
traffic transmission. Choosing which signaling scheme can build an optimum LSP with an efficient
use of the available resource is a critical problem. By combining the two-way and out-of-band
signaling, as it is depicted in Figure 2.6, toward a scalable and controllable network platform is the
main idea behind the management of the above signaling schemes. The two-way and out-of-band
signaling scheme (called two-way out-of-band signaling scheme) can offer an open signaling protocol
that can be extended to support multiple advanced functionalities including resource management
protocols, which make OLS technology more practical and deployable. Using this protocol, the OLS
network can offer more flexibility to enhance the control plane and optimize the network architecture
cost. Therefore, it becomes necessary to adopt two-way out-of-band signaling as a control plane in
OLS networking platform for providing an efficient environment for the traffic and the network
resource management.
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Figure 2.6: OLS two-way signaling scheme.

2.3.3. OLS signaling challenges and enhancement
OLS signaling monitors the lightpath establishment and adopts a two-way and out-of-band signaling
protocol using two label frameworks. The major problem in OLS network is how to assign a suitable
lightpath in an optimum round-trip delay. Another problem related to the signaling scheme is how to

38

Chapter 2
perform fundamental functions for providing an efficient network resources allocation and avoid an
over-dimensioning of resources utilization. While the adopted OLS signaling scheme provides the
requested environment for the data traffic transmission, it generates an over-dimensioning of the
resource allocation and utilization process. Moreover, the existing signaling protocol cannot circulate
the needed information along the transmission path for guaranteeing the traffic contract according to the
available resource.
To our knowledge, there is no existing work related to OLS network that investigated an OLS
signaling scheme for improving the resource allocation and enhancing the switching process. In
Chapter 4, we introduce a novel control label framework to exchange information related to LSP nodes
and switching tables for maintaining the established lightpath and managing contention resolution. The
protocol is proposed to help build a suitable signaling information and environment for supporting a
prioritized QoS differentiation. In Chapter 5, we describe a novel technique which attempts to enhance
the adopted signaling protocol for improving the use of the available resource according to the traffic
parameters and requirements. In Chapters 7 and 8, we extend the adopted signaling to overcome the
problem of inefficient network resources usage and allow the network to operate in safe area. The
proposed protocols attempt to provide an efficient environment during the data traffic transfer by
adjusting the traffic load parameters for allowing a dynamic differentiation and efficient resources
utilization.

2.4. OLS Switching Scheme
Data traffic switching functionality is progressively migrating from electronics to optics using
different granularity levels to handle high data traffic rates. Wavelength granularity is used by optical
circuit switching which is not suitable for IP data traffic. Using burst granularity, OBS technology
attempts to minimize the header management at the core network through the use of complex node
architectures. Packet granularity, however, faces significant challenges since OPS technology requires
scalable implementations and necessitates appropriate input optical buffering and packet-level
processing [8, 32]. OLS combines the main advantages of OPS and OBS techniques and offers fast alloptical data traffic switching, which is an essential requirement for future optical network that need to
support applications with various QoS needs. In this section, we describe the fundamental
functionality of the OLS network components, such as the edge node and core node.
2.4.1. Edge node functions
The edge node functions depend on the node location: ingress or egress. The ingress node receives the
incoming data traffic which consists of a set of IP packets. It identifies the data traffic characteristics
and its QoS requirements in order to establish a lightpath. After lightpath establishment using two-way
out-of-band signaling scheme, the corresponding ingress node accepts the data traffic, inserts a
switching label ahead of each packet, and begins data traffic transmission [15, 17]. The ingress nodes
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are also responsible for the wavelength scheduling of the data traffic at the appropriate DWDM links
belonging to LSP-core nodes. The egress node, upon receiving an IP packet, removes its switching
label before it leaves the network, and delivers this packet to its destination.
2.4.2. Core node functions
The core node is responsible for the switching process of arriving packet as it is depicted by Figure
2.7. During switching, core node supports the management of traffic parameters. The switching
process can be achieved based on switching label information which can be processed in electronic
domain [35, 44]. When the core node receives a packet, it detects its label switching which is
converted from optics to the electronics domain in order to identify the desired output port. A guard
time is inserted between a packet and its switching label to allow the identification of label and packet
boundaries. It also contributes to limit the input FDL length used to buffer the packet in the optical
domain during the electronic processing phase of its label. Then, the packet is stored in optical domain
using an input FDL, which must have the required length to buffer the optical packet during the label
processing phase. This is performed by the switch control unit. After the identification of the output
port, the node updates the switching label with a new value identified from the switching table. In this
case, the label is converted to optical domain, attached to the related packet and switched to the
identified output port. This process is repeated at each core node of the built LSP until all packets in
the given traffic arrive to their destination node.
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Figure 2.7: OLS switching scheme.

2.4.3. Optical label paradigm
In an OLS network, which is depicted in Figure 2.7, the key concept is an efficient and transparent
packet forwarding method using an OLS mechanism. The new signaling information is added in the
form of an optical label, which is carried out-of-band within each wavelength in a multi-wavelength
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transport environment. The optical label will propagate through the network along the established LSP
with the data payload. Each OLS core node on the LSP will read the optical label, look up to the
forwarding table, and take necessary steps to forward the packet. During optical label processing, the
corresponding packet is delayed by an appropriate FDL at the input interface before entering the OLS
switch fabric. The goal is to reduce the need to manage the delay separating the optical label and its
payload [43, 44]. If a packet is to be switched to a wavelength/path where there is already another
packet being forwarded, the OLS core node attempts to forward the contending packet to an alternate
path.
Label structure
The OLS label encoding method for packet based networks attaches a label header. The OLS basic
label structure is four octets long segmented into four parts. Figure 2.8 depicts the label structure in
which the first twenty bits contain an unsigned integer value that distinguishes the specific traffic
route. The next three bits are deemed experimental and used primarily to provide a means to determine
a CoS (Class of Service or priority level) to relay information to the network switches about how to
handle the traffic. The next bit provides a hierarchical label stack function. Finally, the last eight bits
represent a conventional TTL (like IP protocol field Time To Live), which provide network elements
the ability to disregard a packet after a certain length of time to prevent endless recirculation loops
through the network [44].
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Time to
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Figure 2.8: Label switching structure.

Label Stack
Label stacking is a hierarchy-based implementation of OLS that helps to provide QoS across third
party networks, such as an LSP backbone. Additional OLS labels are pushed onto the protocol stack as
the packet enters the intermediate network and popped off at the egress of the intermediate network.
The traffic across the intermediate network is classified as tunneled traffic. Label stacking provides a
means for best-effort traffic to be marked, classified and policed to achieve end-to-end QoS [43].
2.4.4. OLS switching challenges and enhancement
The data traffic is switched using the LSP built to define the route between the ingress and egress
nodes. The existing label switching framework has not the ability to manage neither better static nor
dynamic service differentiation. Also, it cannot provide a suitable environment for the applications with
divers QoS demands. In addition, the adopted label switching cannot handle appropriately the allocated
resource along the transmission lightpath due to lack of the needed information that should be
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exchanged between the LSP nodes. Consequently, an efficient switching protocol should have the
ability to perform multiple advanced functions can be investigated.
To our knowledge, there is little work [14, 15] that has investigated switching techniques for
providing actual efficiency to OLS network. These works have attempted to provide the needed
information during the switching process for providing a fast traffic switching. To alleviate the
aforementioned limitations, we investigate in Chapters 4 and 5 a new label framework for enhancing a
data traffic management and achieving a better switching level. The proposed enhancement requires
the introduction of new label framework including traffic contract. Using this framework, each core
node of the selected LSP can contribute to the contention resolution and provide an acceptable QoS
level according to the traffic characteristics and requirements.

2.5. Contention Resolution
Contention occurs at a core node whenever two or multiple packets from different input ports are
trying to leave the node from the same output port, on the same wavelength at the same time. The
technique used to solve this problem is called contention resolution. It has a significant effect on the
network performance in terms of packet-loss ratio, average packet delay, average hop distance, and
network resources utilization. In electric switched networks, contention problem can be resolved using
store-and-forward techniques, where the contended packets are stored in a memory and sent out at a
later time when the related output port becomes available. The implementation of such a technique is
possible because the availability of electronic random-access memory (RAM). In optical domain,
when contention occurs, high-priority packet is switched to its original output port whereas the lowpriority packet is discarded. To minimize packet loss and provide an accepted level of QoS, a core
node has to resolve contention problem in a different way. Particularly, Core node can insure the
contention resolution using multiple techniques, such as the optical buffering, wavelength conversion,
and deflection routing [38] as it is depicted in Figure 2.9.
2.5.1. Optical buffering
Typically, contention in traditional electronic packet-switching networks is implemented by storing
packets in Random Access Memory (RAM) buffers. However, because the RAM-like buffering is not
yet available in the optical domain, FDL can be utilized to delay packets for a fixed amount of time [6,
36]. The achievement of a required time faces significant challenges since optical buffering requires
scalable implementations and appropriate FDL kind and length. By implementing multiple delay lines
in stages or in parallel, a buffer may be created to hold a packet for a variable amount of time. Also
different FDL buffer architectures have been proposed in the literature [6, 42]. Optical buffers are
either single-stage, meaning that they have only one block of delay lines, or multistage which have
several blocks of delay lines. Optical buffers can be further classified into feed-forward, feedback, and
hybrid architectures [46]. According to the position of the FDL buffers in the switch, an optical switch
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is essentially categorized into three major configurations: input buffering, output buffering, and shared
buffering. In input buffering, a set of buffers is dedicated for each input port. In output buffering, a set
of buffers is dedicated for each output port. In shared buffering, a set of buffers can be shared by all
switch ports.
2.5.2. Wavelength conversion
Wavelength conversion has been proposed for use in WDM networks in order to improve the overall
efficiency. Deployment of wavelength conversion attempts to resolve contention for reducing data loss
and blocking probability for a given utilization and size of the all-optical network. In WDM networks,
several wavelengths run on a fiber link that connects two optical switches. The multiple wavelengths
enable optical signals to be switched between different input and output wavelengths. This technique
consists in converting the wavelength of an incoming channel to another wavelength at the outgoing
channel, thereby increasing wavelength reuse. To explain this process, let’s consider that two packets
are addressed, at the same time, to the same output port; both packets can still be transmitted, but on
two different wavelengths. One of the contending packets will be sent to the proper output port while
the others are sent to an available wavelength using a wavelength converter. This method may have
some potential in maximizing the flexibility of network virtual topology and minimizing packet
contentions, particularly when the number of wavelengths that can be coupled together onto a single
fiber continues to increase. Wavelength conversion can be divided into full conversion, limited
conversion, fixed conversion or spare wavelength conversion [7, 45].
Full conversion
A switch with full conversion enables each wavelength to be converted to any other wavelength and
provides the wavelength continuity constraint. It means that any wavelength shifting is possible, and
so channels may be connected regardless of their wavelengths. It is based on a large optical switch that
has the capability to switch a channel to any other channel on any fiber. The full wavelength converter
provides the most efficient use of the available channels and network resources, and can extend the
ability to reduce significantly contention in presence of a heavy traffic load. However, it may increase
node and network cost if the overall network resources are not exploited effectively and completely.
Limited conversion
Wavelength conversion is restricted to a limited number of wavelengths so that not all incoming
channels can be connected to all outgoing channels. This means that there is a wavelength shifting
which may be restricted so that not all combinations of channels may be connected. Networks with
limited wavelength conversion can better perform than networks with full conversion. Networks with
only a 'small' amount of conversion capability have been considered [5, 39].
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Fixed conversion
It is a very restricted form of limited conversion, where each channel may be connected to one or more
predetermined outgoing channels. Using this technique, a core node cannot provide the ability to
perform better contention resolution of the incoming packets, when heavy traffic load is experienced.
Sparse wavelength conversion
The networks may be comprised of a collection of nodes having full, limited, fixed, or no wavelength
conversion. For this, many wavelength conversion algorithms are used to minimize the number of
wavelength converters [5, 7]. For these networks, different protocols are required to allow
communication over a heterogeneous environment containing multiple node architectures.
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Figure 2.9: Optical contention resolution.

2.5.3. Deflection routing
Deflection routing is suited to switches that have little buffer space or in absence of other contention
resolution, such as FDL buffering capability and wavelength conversion as depicted in Figure 2.9.
This approach of resolving contention is used to switch the contending packets to an alternative output
port other than the intended output port [18, 41]. However, the deflected packet may follow a longer
path to its destination. As a result, the end-to-end delay for a packet may become unacceptably high.
Also, packets will have to be re-ordered at the destination since they are likely to arrive out of
sequence. While deflection is generally not favored in electronic packet-switched networks due to
potential looping and out-of-sequence delivery of packets, it may be necessary to implement deflection
in all-optical label switched networks in order to maintain a reasonable level of packet losses.
Before attempting to deploy deflection in all-optical label-switched networks, a comprehensive
study is required in order to identify potential methods for overcoming some of the limitations of
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deflection, and to determine whether or not these methods, are sufficient to justify implementation.
While deflection routing has been investigated for electronic and photonic packet switched networks
[37, 38], there is currently no work which applies deflection to optical label-switched networks. In
most of existing work related to deflection routing, authors have attempted to provide QoS support in
optical burst switched network. In deflection routing, a deflected packet typically takes a longer route
to its destination, leading to an increased delay and a degradation of the signal quality. Furthermore, it
is possible that the packet 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 [5, 7].
2.5.4. Contention resolution challenges and enhancement
The way contention is resolved has a significant effect on the network performance including the
traffic contract and the network resource utilization. OLS technology may experience poor
performance in terms of QoS support and resource utilization when contention occurs. The contention
resolution methods attempt to alleviate this problem and overcome the current optical technology
limitations and constraints including opaque switching (i.e., where electronic conversion of control
information is required for the switching process) [15]. Therefore, it becomes necessary to develop an
efficient contention resolution policy using an appropriate architecture, and advanced switching and
signaling schemes.
To our knowledge, there is little work that uses contention resolution using FDL or/and conversion
in OLS network [17]. In Chapter 4, we investigate a novel approach using deflection routing, where a
new switching label framework is introduced to enhance the contention resolution using a deflecting
LSP. This approach gives to the neighbor nodes the ability to exchange the needed information
periodically for providing the different available alternative path. In addition, we extend this approach
using wavelength conversion and FDL buffering, where the use of each contention method is based on
packet priority level. In Chapter 5, we attempt to enhance the network resources utilization and
provide various QoS requirements using a scalable approach based on the traffic parameters and
requirements.

2.6. Quality of Service Provision
Quality of service (QoS) support is another important issue in OLS networks. Applications with
diverse requirements urge transport technologies carrying the next-generation Optical Internet to
provide QoS guarantees. Different schemes have been proposed for providing QoS differentiation and
guaranteeing loss and/or delay differentiation. In an optical switched network, one can distinguish
three models for QoS: relative QoS, proportional QoS, and absolute QoS [40, 52].
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2.6.1. Relative QoS differentiation
In this model, the performance of each class of traffic is not defined quantitatively in absolute terms.
The QoS of one class of traffic is defined relatively in comparison to other classes of traffic. In this
case, a packet of a high priority is guaranteed to experience lower loss probability than a packet of
lower priority. However, the loss probability of a high-priority traffic still depends on the traffic load
of lower-priority traffic; and no upper bound on the loss probability is guaranteed for the high-priority
traffic.
2.6.2. Proportional QoS differentiation
In this differentiation model, one can quantitatively adjust the service differentiation of particular QoS
metrics to be proportional to the factors that a network service provider sets. If qi is the QoS metrics
and si is the differentiation factor for class i, using the proportional differentiation model, we should
have:
pi / pj = si / sj , for all (i, j)

(1)

The implementation of these models requires that each core node needs to maintain traffic
statistics. There is currently no previous work which applies proportional QoS differentiation in OLS
networks. The existing work related to proportional QoS model has been proposed to provide QoS
support over an OBS network. In [40], an intentional burst dropping scheme is proposed to provide
proportionally differentiated loss probability. In this scheme, a low priority burst is intentionally
dropped when Equation (1) is violated. This will give longer free time periods on the output link
capacity, which means that more opportunity for a high priority burst to be admitted. A limitation of
the scheme is that it can result in unnecessary dropping of low-priority bursts. In [7], proportional loss
probability differentiation is provided by maintaining the number of wavelengths occupied by each
class of burst. Every arriving burst is scheduled 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 also been proposed in [7]. The proposed scheme extends the WTP
(waited-time-priority) scheduler proposed to provide a proportional packet delay over a packetswitched network [7, 46]. A queue is kept for each class of packets. A burst is assembled and
transmitted into the OBS backbone when a token is generated at time t. The priority for each queue is
given by the following expressions:
pi(t) = wi(t)/si
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Where wi(t) is the waiting time of the packet at the head of the queue i and si is the proportional factor
for a traffic of class i. The queue with the largest pi(t) will be chosen. Therefore a proportional packet
delay differentiation is provided.
2.6.3. Absolute QoS differentiation
Relative QoS differentiation schemes cannot provide an upper bound guarantee for the supported QoS
metrics; therefore, absolute QoS differentiation schemes are required. The absolute QoS model
provides a worst-case QoS guarantee to applications. This kind of hard guarantee is essential to
support applications with delay and bandwidth constraints. The absolute QoS model is preferred in
order to ensure that each user receives an expected level of performance. Efficient admission control
and resource provisioning mechanisms are needed to support the absolute QoS model. QoS models
can also be classified based on the degree of isolation between the different traffic classes. In an
isolated model, the performance of the high-priority traffic is independent of the low-priority traffic.
While in a non-isolated model, the performance of the high-priority traffic is dependent on the lowpriority traffic. The degree of isolation can be fixed ahead of time and satisfied using different
techniques.
2.6.4. QoS challenges and enhancement
Most QoS differentiation schemes in OLS networks focus on providing loss and delay differentiation,
as well as bandwidth guarantees, since the OLS core nodes have not ability to buffer packets
electronically. Optical core nodes do not have any electronic buffers [13, 16], and the data follows an
all-optical path from the source to the destination. The focus of QoS support in OLS networks is to
primarily provide loss differentiation, though there are a few research works addressing the problem of
providing delay differentiation [40, 46].
In Chapter 4, we investigate the handling of QoS support in OLS network. Our first approach for
providing QoS provision is by introducing a new label framework and a deflection routing method.
This approach attempts to use the architecture proposed in Chapter 3 for QoS management including
two main performance parameters: loss rate and blocking delay. In Chapter 5, we introduce a novel
technique which extends the approach proposed in Chapter 4 for supporting multiple QoS levels. In
Chapters 6, 7 and 8, we investigate a novel admission control scheme which attempts to implement a
congestion avoidance policy. In the investigated approaches, we attempt to introduce the use of a
dynamic QoS differentiation using the traffic requirements and allocated resource.

2.7. Conclusion
In this Chapter, we presented the state of the art in four important research domains related to optical
label switched network. The first domain dealt with the definition of the architecture of OLS network.
We described with sufficient details specific to the basic optical components of an OLS network such
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as core and edge node architectures, allowing understanding how these components perform the
different tasks needed for the incoming data traffic. The second domain dealt with setup of OLS
signaling schemes. We discussed and analyzed some of the existing signaling schemes proposed in the
literature, such as traditional signaling, One-way/two-way signaling, and in-band/out-of-band
signaling by focusing on the advantages and limits of each of them. We also described the need for a
two-way and out-of-band signaling scheme in order to provide a suitable OLS network environment.
The third domain has treated the discussion of contention resolution techniques. We presented how
contention problem can be resolved. Finally, the forth domain concentrated on service differentiation
and discussed how the differentiation policy can provide QoS support.
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Design and Modeling Issues in Optical
Switched Networks for OLS Management
3.1. Introduction
OBS seem to offer promising solutions which can reduce delays and improve the network resources
utilization [8, 10, 49]. Unfortunately, the current state of these technologies cannot offer explicit
transfer guarantees like those imposed by constraining QoS parameters, nor do they provide a suitable
contention resolution [57, 58]. OLS technology is proposed to provide more efficiency to MPLS in
terms of traffic forwarding, offered QoS support and support of different IP services. It has emerged to
overcome OBS shortcomings, increase node throughput using the label paradigm. With other respects,
future technologies must be able to serve packet-based networks, such as the Internet.
The objective of this Chapter is to propose a new architecture capable of handling toward an
optical label switching traffic and enabling better QoS support. An approach to design this architecture
has been proposed [22, 23]. The design of this architecture constitutes an intermediate phase for the
design of a novel OLS network, which can be considered as a suitable support of the next-generation
optical Internet. The proposed architecture adopts a slotted (or synchronous) optical switching [9],
which is easier to build and to operate, and may provide better performances than unslotted
transmission. In a synchronous network, time is slotted, and the switch fabric at each individual node
can only be reconfigured at the beginning of a time slot. In a slotted network, all packets have a fixedsize equal to a time slot duration, and a data burst length is equal to some multiple of the time slot
duration [6].
The engineering of the proposed architecture has required the introduction of some new concepts
such as the virtual optical circuit (VOC). The architecture has also required the definition of an ATMlike signaling protocol for packet-based traffic handling, as well as the use of the JET-like protocol
proposed for bursts-based traffic signaling, [21, 61]. Models and experiments have been needed to
evaluate the performance of the proposed architecture and study its features. For this, we have mainly
addressed the basics for a theoretical model for the performance evaluation of the novel architecture
based on a new conservation law [56] and a queuing network model to develop an efficient
mathematical analysis. In addition, numerical results have been provided in order to validate the
efficiency of the developed model.
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The remaining part of this Chapter is organized as follows. Section 3.2 presents the major
components of the proposed architecture and their functions. Section 3.3 details the synchronization
aspect, and explains how the node performs packet and burst switching. Section 3.4 presents the
signaling protocols used to handle packet-based and burst-based traffics. Section 3.5 introduces the
proposed QoS-based contention resolution mechanism. It also presents the contention resolution
technique processing. Section 3.6 presents the developed analytical model, as well as its analysis
technique. We also justify the coherence of a new conservation law used for the model analysis.
Section 3.7 presents a simulation model and validates the performance model through the evolution of
two parameters: packet loss and packet blocking delay. It also compares analytical results to the results
obtained from simulation experiments. Section 3.8 concludes the Chapter.

3.2. Node Architecture
The architecture that we propose for optical nodes is depicted in Figure 3.1. The node is composed of
N input ports and N output ports. Each channel can handle w 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 switch fabric 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 packet and burst switching. In the following, we detail the main
functions of these units.
3.2.1. Switch fabric unit
The Switch Fabric Unit (SFU) carries input traffic units (i.e., packet or data segment) to the intended
output channel or to an appropriately selected FDL, in case of output port contention. Two main
schemes of switch architectures can be proposed for optical packet and burst switching:

space

switches [47], and wavelength-routing switches [50]. The first scheme represents, in our opinion, a
good choice for the OPS/OBS node since it can support applications requiring traffic broadcasting or
multicasting.
3.2.2. Waiting unit
The Waiting Unit (WU) is used for contention resolution occurring in the output ports. It is composed
of a set of shared multi-wavelengths FDL buffers. Two FDL lengths are used: the packet time slot
duration (TS: time slot) for packets, and a duration equal to (SeglxTS) for segments, where Segl is the
number of packets in a segment. The first length corresponds to the delay required for one packet and
the second one corresponds to the delay required for a segment composed of Segl packets. Feedbackward FDL buffers [6, 50], which may increase the buffering capacity of the node, are used. It
allows the possibility that a packet or segment (packet/segment) emerging from FDL may be buffered
more than once in a FDL. This situation may arise if successive contentions occur. Moreover, using
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feed-backward buffers, after leaving FDL, an optical unit may be buffered again in case of contention.
The WU also contains a set of full range wavelength converters used for FDL buffers conflicts
resolution [9, 62].
3.2.3. Input processing unit
An Input Processing Unit (IPU) is associated with each input channel. It is composed of the following
optical components:
•

A synchronization module that is used to synchronize the arriving traffic units (optical packet,
data burst, burst header packet) and align them with switching time slots boundaries. More
details about a core node synchronization process are presented in the next subsection;

•

An optical component that is based on the optical label swapping (OLS) technology [6]. It is
used

to

extract

the

optical

header

of

an

incoming

packet

without

payload

optical/electrical/optical (E/O/E) conversion;
•

An Electrical/Optical (E/O) converter that is used for optical packet/burst header conversion
for electronic processing;

•

An FDL buffer that is used for packet payload buffering during the packet header processing;

•

Two optical gates: an optical packet gate (OPG) and an optical burst gate (OBG) that are used
to process packets and bursts at the node entrance.

Figure 3.1: Core node architecture.

3.2.4. Output processing unit
An Output Processing Unit (OPU) is associated with each output channel. It has the following
components:
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•

A full range wavelength converter is used to improve the wavelengths utilization of the output
port in contention resolution.

•

An E/O converter that is used to convert a packet or a burst header in the optical domain after
being treated by the SCU.

•

An OLS component linking a packet header with its associated packet payload.

•

Two optical gates (OPG, OBG) making the transmission of packets and bursts on the same
output channel possible.

3.2.5. Switch control unit
The Switch Control Unit (SCU) is used to supervise the SFU function. It handles the information
related to the availability of each wavelength on every output port and the availability of buffering
units or delay 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 SFU. It manages signaling packets between core nodes to
optimize burst or packet transmission, reserves the suitable output channel and FDL buffers,
configures the appropriate input and output processing units, and updates the forwarding table in order
to switch the arriving unit on pre-established virtual optical circuit. The SCU supervises input/output
processing units and controls the state of optical gates based on signaling information. It opens the
OBG or the OPG gate depending on the incoming unit type. Today, the lack of fast, scalable, and
robust optical bit-level processing technologies means that the SCU can only be implemented
electronically [9, 56, 62].

3.3. Node synchronization
The proposed core node architecture can perform two traffic types handling depending on the received
data unit type. It also configures the appropriate optical component in order to supervise the switching
tasks of the received units. The arriving process at a given input port of the core node can be
decomposed into two modes: synchronous (slotted) mode or asynchronous (unslotted) mode. In the
sequel, we discuss the two modes in order to select the appropriate mode that can be used for the
proposed architecture.
3.3.1. Slotted vs. unslotted OPS networks
In a synchronous network [6], time is slotted, and the switch fabric at each individual node can only be
reconfigured at the beginning of a time slot. 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). Due to variable link propagation delays, packets arriving at a node over
different interfaces may not be aligned with the local clock. Therefore, synchronization stages are
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necessary to align arriving packets with switching time slots boundaries. A typical synchronization
stage consisting of a series of switches and delay lines as it is presented in [9, 62].
In an asynchronous network [6], the packets may have various sizes and the packets arrive and
enter the switch without being aligned. Therefore, the packet-by-packet switch action could take place
at any point in time. This can lead to contention of different incoming packets for the same outgoing
resource. Obviously, in unslotted networks, the risk for contention is higher due to the behavior of the
packets is more unpredictable and less regulated [9, 62]. 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 switch fabric and can be a major concern in the network cost
computation.
3.3.2. Slotted vs. unslotted OBS networks
Similar to optical packet-switched networks, OBS networks can be divided into categories: slotted and
unslotted [63]. In slotted OBS networks, control and data channels are divided into fixed-size 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, is
expressed in terms of slots [63]. 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. In an unslotted OBS
network [7, 63], 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. Like in an OPS
network, an unslotted burst switching technique, may lead to higher packet loss due to unpredictable
burst arrival characteristics [63].
3.3.3. Slotted OPS/OBS node
As described above, a synchronous optical transmission technique is more efficient than an
asynchronous one [6, 9]. For this reason, we have opted for a slotted optical packet and burst
switching technique during the design of the proposed core node architecture. In a synchronous
OPS/OBS network, control and data channels are divided into fixed-size time slots. All optical packets
have the same size. Each packet is placed inside a time slot, which has a longer duration than the
packet to provide guard time. A data burst length is equal to some multiple of a given time slot
duration. The offset time, as well as the duration of a BHP, is expressed in terms of time slots.
Synchronization stages are used to align all incoming optical packets/bursts with switching time slots
boundaries.
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3.4. Signaling Protocols
As seen above, the main characteristic of the proposed architecture is its ability to handle two traffic
types: packet-based and burst-based traffic. For each traffic type, we have defined an appropriate
signaling protocol that is needed from the ingress nodes to the egress nodes and between the core
nodes.
3.4.1. Packet-based traffic signaling protocol
The signaling protocol is inspired by the one used by ATM considering the efficiency of this
technology in terms of network resources utilization and QoS support [65]. 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 destination composed by an association of fiber links
and wavelengths along the chosen route, and passing through FDLs. Similar to an ATM cell [65], a
packet is assumed to have a fixed-length payload and an 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 or
wavelength 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 contention case.
• Complementary Information: This specifies several useful types of information such as the type of
packet (normal/deviated packet) and the conformance to traffic contract. Lost/erroneous optical
packets are assumed to be reinserted in the traffic based on end-user application timeout, error
control, or emulated protocols
3.4.2. Burst-based traffic signaling protocol
With regards to the performance of the burst assembly mechanism and the JET-like signaling protocol
proposed in [30], we keep the same burst structure and signaling technique for bursty traffic handling
over an OPS/OBS network. However, some signaling features have been added to cope with contention
resolution. An optical data burst is a pure payload is composed by a set of fixed-length segments
assembled in a decreasing order of priority [7, 49]. A segment contains a set of packets having the
same priority level. Using the JET-like signaling protocol, each burst is preceded by a control packet
carrying control information related to a burst, e.g., offset time and routing information, as well as
control information associated with each segment of the burst including segment priority and segment
length. The following control information are considered for a burst specification:
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•

Offset time: specifies the time period separating the control packet and its associated burst. It is
used during the signaling phase for resource reservation. In a synchronous OPS/OBS network,
the offset time is expressed in terms of time slots.

•

Routing information: indicates the destination of the burst. It is used during the setup up of the
VOC needed for the burst transmission.

•

Burst composition: specified by the number of segments of each traffic priority in the burst.
Combined with the first control information (offset time), this information allows each
intermediate node to know the priority and the arrival time of each segment of the burst, which
is necessary for resources reservation and contention resolution.

•

Forward information of dropping: When a segment inside a burst is dropped, the related
header, which is forwarded before overlapping occurs, will still contain the original
information about the entire burst. If downstream nodes are unaware of such truncation, then it
is possible that the truncated bursts are subject to new contention, even though the contending
segments have been previously dropped.

•

Segment boundary detection: 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 resolution of this problem
is explained below assuming 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.

3.5. Switching Protocols
The proposed core node architecture performs packet and burst switching depending on the received
data unit type. In the sequel, we present the switching tasks of the incoming unit based on the use of
two optical switching technologies: packet switching and burst switching.
3.5.1. Packet switching protocol
Arriving packets are demultiplexed into individual wavelengths, if needed. Each packet is then treated
by the corresponding input processing unit. First, it passes through the synchronization stage to be
aligned to its time slot boundary. Then, its header is optically extracted by the OLS component. While
the header is converted to electrical form and so forwarded to the switch control unit for processing, the
corresponding packet payload is inserted in the FDL buffer. The SCU processes the header information
and determines the appropriate output port and wavelength from the packet routing information (such
as VOC Identifier). In the case of output channel availability, the SCU configures the SFU to carry the
packet payload to the corresponding OPU. At the same time, the packet header is sent to the same OPU,
where it is converted into an optical form. Finally, the packet header and payload are transmitted to the
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next node. The output channel unavailability leads to a contention problem which is resolved by the
SCU according to the contention resolution scheme that will be detailed in section 3.6.
3.5.2. Burst switching protocol
The burst transmission is preceded by a control packet, used to establish a virtual optical circuit
(VOC), which is managed in an ATM-like style using circuit identifiers and path identifiers. However,
we consider here that the management of VOC is dependent on the priority of the data unit. While
higher priorities see their connections guaranteed during the transmission, lower priority units may see
their VOC identifiers modified, during their travel, for the need to resolve contention. At each
intermediate core node, SCU configures the appropriate IPU to receive the arriving unit. It mainly
closes the OPG and opens the OBG. If the intended output channel is available when the burst arrives,
SCU configures the associated OPU (closes the OBG and opens the OPG), and instructs SFU to let the
data burst pass through. Like the packet switching, the output channel unavailability leads to attempt
to resolve the contention of segments by the SCU. Section 3.6 describes how segment contention can
be performed.

3.6. QoS-based Contention resolution
As defined previously, contention can occur when more than one unit destined to the same output at
the same time. The scheme proposed here to resolve packet/burst contention combines optical
buffering and wavelength conversion techniques for packet/burst contention resolution. This scheme is
performed at core node by SCU component using two key components: WU and OPU. It is based on a
differentiated QoS provision in the sense that the choice of the traffic unit to convert or to delay in
contention case is done according to its priority.
3.6.1. Contention resolution characteristics
Contention resolution mechanisms are performed in order to build a suitable environment able to
efficiently provide a QoS support. In our approach, these mechanisms differ according to contended
unit types (e.g., packet or burst) or node location (e.g., ingress node, egress node or core node).
At an ingress node
The source node assigns a wavelength to a generated unit after its segmentation if the unit is a burst. It
estimates the time needed to build a lightpath, reserves resources locally, and allocates an offset time
to the burst. Then, it attempts to construct a wavelength path based on information collected from its
neighbors about the wavelengths availabilities and the use of their resources to the right destination as
it is described in the signaling phase. 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 estimating the offset times and the neighbor selection to which it forwards the control packets
(for high-level priority bursts) or the segments (for lower priority bursts).
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At an egress node
Segment order is fixed at the egress nodes after receiving all segments. Dropped segment 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 control information to the burst originator in order to help adapt offset time allocation.
At a core node
The contention resolution mechanism can be presented as follows: when two traffic units contend for
the same output port and same wavelength, the lower priority unit is converted to alternative available
wavelength. If no wavelength is available, an FDL buffer is used. Depending on the conflicting unit
types, three cases are possible:
•

The contention occurs between two packets: the higher priority packet is switched to its
original output port, while the lower priority 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 two bursts: In this case, the SCU compares the priorities of
contending segments. The higher priority segment is switched to the proper output port,
whereas the other segment is stored in one of the available segment FDL buffers. The lower
priority segment may be converted into another wavelength if it is necessary. If no segment
FDL buffer is available, the segment is then discarded.

•

The contention occurs between a packet and a burst: That means that the packet is in
conflict with one of the burst segments. If the two units have the different priority, the unit
which has the higher priority is directed to the intended output port, whereas the other is
switched to an appropriate FDL buffer. If no FDL buffer is available, the lower priority unit is
discarded. 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.

Using feed-backward FDL, a traffic unit coming from the WU re-enters the switch. Thus a
contention may occur between a new arriving traffic unit and a delayed traffic unit, or between two
delayed traffic units. In these cases, the choice of the traffic unit to delay is done based on priority
levels of the contending units. If the contending units have the same priority, the choice is done based
on the WU-buffering and the traffic unit with the smallest WU-buffering number is privileged. If
contention occurs between a packet and a segment, the segment is favored regardless of the packet
WU- buffering number.
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3.6.2. 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 VOC in order to update information related
to packet/burst switching in all forwarding tables. If the contention resolution performed using the
optical buffering technique, the SCU chooses an appropriate FDL buffer in the WU, and configures
the SFU to transmit the lower priority data unit (packet payload, segment) to the selected FDL buffer.
During a packet payload storage, the packet header is buffered in the SCU using electronic buffers
(RAM).
According to the feed-backward buffers utilization, a data unit traverses the FDL, and re-enters the
switch. If several contentions occur, a traffic unit 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 contending unit is then dropped. When a segment inside a burst is delayed or dropped, the SCU
creates a control packet and sends it to all remainder VOC in order to update information related to the
associated burst composition. Otherwise, downstream nodes activities can use 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 accepted, a delayed traffic unit is transmitted to its egress node through the
original established VOC. The transmission of a delayed segment is preceded by a control packet
created by the SCU, and sent to all remainder VOC for needed resources reservations.

3.7. Analytic Model
A modeling technique has been used as efficient tool for performance analysis and prediction, and
evaluating the behavior of integrated services and processes. This technique is used to evaluate
network architectures and protocols as well as manage traffic parameters at various components of the
network [64]. For this reason, we present the analytic model developed for the performance evaluation
of the proposed core node architecture.
3.7.1. Node characteristics and assumptions
We consider a system with N traffic classes categories 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 be a packet length, a segment length and the segments-traffic ratio, respectively. Let m and n be
respectively a packet and a segment maximal WU-buffering 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 forwarded towards WU for j times. PCi,0 and SCi,0
represent the new arriving packets and segments of class i.
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Moreover, we assume that arriving packets and segments of class i that are addressed to a specific
output port of a node follow a Poisson process with respectively λi and γi rates. Let k be the number of
wavelengths available at each output port. Let us assume that each core 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 integrated the adequate traffic sub-classes. Finally, we denote by pi,j 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.
3.7.2. Node modeling
Once the above assumptions are made, it becomes easy to model an output port at a core node. This
model, which is depicted in Figure 3.2, is an open queuing network system composed of two stations.
Queue 1, which represents the transmission unit of the output port, has an M/D/k/k preemptive priority
type. Queue 2, which represents the waiting unit, has a M/D/∞ type. The whole system is assumed to
handle N*[(m+1)+(n+1)] units classes corresponding to the N*(m+1) packet sub-classes and the
N*(n+1) segment sub-classes.
OPS/OBS Core Node
Queue 1
P0,0

λ0

P0

λN

PN

γ

S1

S1,0

SN

SN,0

1

γN

PN,0

Wavelengths
M/D/w/w

Transmission

λ0,1
λ0,2
P10,n

λ0,m

ODL buffering
M/D/∞
∞

Rejection

λ0,n

Queue 2

Figure 3.2: The Queuing network model of an output port of the proposed core node.

Let us consider the path followed by a unit through the queuing network. Let’s suppose that the
arriving unit is a packet of class i, (i.e., an element of sub-class PCi,0). This unit can be serviced
immediately or be blocked. In the first case, a transmission server at queue 1 is allocated to this unit
during a fixed service time T (equal to the packet length) before the unit leaves the system. In the
second case, the unit is sent to queue 2 where it will be served during a deterministic service time T
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(also equal to the packet length). Once its service at queue 2 is completed, the unit 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 queue 1 or it is dropped. Let note that each
time that the unit returns to queue 1, its traffic sub-class is updated according to the following
description PCi,1,PCi,2,… PCi,n.. Because upper bound is fixed in terms of packet and segment WUbuffering number, a unit of the traffic sub-classes: PCi,m and SCi,n which cannot seize one transmission
server at the transmission unit will be dropped.
3.7.3. Model analysis
In order to analyze the developed model, two metrics have been chosen to evaluate the proposed core
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.
Performance metrics analysis
Let PLMRi and PBMDi denote the packet loss mean rate and the packet-blocking mean delay for the
traffic of class i, 0≤i≤N. Based on the proposed queuing network model, we can establish the
following expressions for evaluating the considered performance metrics for the traffic of class i.

PLMR

i

m
n
( 1− STR) * ∏ p i,j + STR * Segl * ∏ q i,j
j=0
j=0
=
( 1− STR) + STR * Segl

j −1
j −1
n
m
n
 (1 − STR).(1 − m
)
j.T.
(
1
−
)
.
+
STR.Segl
.(
1
−
)
j.T.Segl
.(
1
−
)
.
p
p
p
q
q
qi,k
∑
∑
∏
∏
∏
∏
i,j
i,j
i,k
i,j
i,j

j =0
j =1
k =0
j =0
j =1
k =0
PBMDi = 
((1 − STR) + STR.Segl).(1 − PLMRi )



(1)






(2)

Where pi,j, qi,j and STR are the blocking probability of a packet of the PCi,j traffic sub-class, the
blocking probabilities of a segment of

the traffic sub-class SCi,j and the segments-traffic ratio,

respectively.
The above expressions can be stated as follows: we consider a sample of C traffic units of class i
destined to the same output port of a core 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 are represented by the following expressions:
m

PLP i = ∏ p i,j
j=0

n

SLP i = ∏ q i,j
j =0

(3)

These expressions can be proved as follows. A traffic unit is dropped if it exceeds the FDL delay
threshold (i.e., the maximal WU-buffering number). We notice that these expressions are insensitive to
the traffic model. Here, we assume that the traffic model is a Poisson process, justly to make easier the

61

Chapter 3
analysis of the developed model. Let TPNi be the total number of packets transported by the
considered flow of class i. TPNi is given by the following expression:

TPN i=(1-STR)*C + Segl*C*ST R

(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)* PLPi + C*STR*Segl *SLPi

(5)

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

n

j =0

j =0

TLPN i=C*(1−STR)* ∏ pi, j+C*STR*Segl *∏ qi, j

(6)

By definition, PLMRi can be formulated as follows:

TLPN i
PLMR i=
TPN i

(7)

Substituting TPNi and PLPNi by their expressions in expressions (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 of class i,
respectively. PUBMDi and SUBMDi are given by the following expressions:
m

j −1

j =1

k =0

PUBMD i = ∑ j.T.( 1 − p i,j ). ∏ p i,k
n

j −1

j =1

k =0

(8)

SUBMD i = ∑ j.T.Segl .( 1 − qi,j ).∏ qi,k
(9)

Expression (8) can be explained as follows. An optical packet can be delayed j times, where
0≤j≤m, and the probability that a packet is delayed j times (i.e., during a period of time j*T), is equal
j −1
to ∏
p
k =0

i,k

. 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 computed as follows:

SPBD i = C*(1− STR )*PUBMD i + Segl *C*STR *SUBMD i

(10)

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


SPBDi = C * (1 − STR) * ∑ j.T.( 1 − pi,j ).∏ pi,k + Segl * C * STR * ∑ j.T.Segl.( 1 − qi,j ).∏ qi,k 
j =1
j =1
k =0
k =0
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Let TAPNi denotes the total number of accepted packets among all packets transported by the
considered flow of class i. TAPNi is presented as follows:

TAPN i = TPN i * ( 1−PLMRi )

(12)

Substituting TPNi by its expression in (4), we obtain the following expression:
TAPN i= ((1-STR )*C + Segl*C*ST R) * ( 1− PLMR i )

(13)

By definition, we can formulate PBMDi as follows:
PBMD i =

SPBD i
TAPN i

(14)

By means of the expressions of SPBDi and TAPNi presented in (10) and (12), we can rewrite 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 require the analysis of the blocking probabilities for
the considered traffic sub-classes (pi,j, 0≤j≤m, qi,j, 0≤j≤n). This analysis has been conducted based on
the use of a new conservation law [56], 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 preemption scheme. A brief presentation of such new conservation law is
presented in the sequel.
The new conservation law 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 [56], 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 according to their priority and for each burst class following their arrival
times. 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 [56] will be
identical.
This new conservation law provides an accurate 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.
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-

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,

With 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 as follows:
P1= B 1= E ( ρ 1,k )=

ρ 1k k !
i
∑ ii == 0k ρ 1 i !

(15)

Using the new conservation law, the probability of a burst of class i, where i≥2 is given by the
following expression:
P i= B i+ F i
i −1

B i = E ( a i ,k) , F i =
a i = ( ∑ j =1 λ j
i

∑λj
j =1

λi

( B i − B i −1 ) , where

)  ∑ ∑ λ
i



k =1

k
i
j =1

(16)

( 1− B k )
1 

µ
(
1
−
)
λj
Bj
k 

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 new conservation law [56]. We recall that we consider
N*(m+1)+N*(n+1) traffic sub-classes labeled 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

λi,j = λi,0 . ∏ pi,k for 1 ≤ j ≤ m,
k =0

j −1

λi,0 = λi

ρi,j =T.λi,j = ρi,0 .∏ pi,k for 1 ≤ j ≤ m, ρi,0 = T. λi,0 = T. λi

(17)
(18)

k =0

Let γi,j and ϕi,j denote the arrival rate and the traffic intensity of the traffic of 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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j −1

γ i,j = γ i,0 .∏ qi,k for j≥1, γ i,0 = γ i

(19)

k =0

j −1

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

(20)

k =0

Let BPi,j and FPi,j, 0≤i≤N-1, 0≤j≤m, denote the blocking probability due to the lack of transmission
servers (wavelengths) and the preemption probability of the traffic of 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
the lack of wavelengths and the preemption probability of the traffic of 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:

ϕ 0k ,0 k !
i
∑ ii == 0kϕ 0 ,0 i !

q 0 ,0 = E (ϕ 0 ,0,k )=

(21)

We can establish the following expression for the analysis of q0,j, the blocking probability of the
traffic sub-class SC0,j, 1≤j≤n:
j −1

j

q0,j = B0s ,j + F 0s ,j , where B0s ,j = E ( ∑ ϕ 0,i ,k ) , F 0s ,j =
i =0

∑ γ0,i

i =0

γ0,j

(B

s
0 ,j

− B0s ,j −1)

(22)

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.
p0,0 = B0P,0 + F0P,0
n
P = E( P ,k) , P = ( ∑k =0 γ0,k ) ( P − S ), where
a0,0
B0,0
F0,0
B0,0 B0,n
λ0,0


n
n
P

 
a 0,0 =  λ0,0 + ∑ γ0,k  . Segl. T. ∑
k =0
k =0

 



S
γ0,k . (1 − B0,k)
n
P
S
λ0,0 .(1 − B0,0) + ∑ γ0,j. (1 − B0,j)
j=0

(23)


P

λ0,0 .(1 − B0,0)
+ T.
n
P
S 
λ0,0 . (1 − B0,0) + ∑ γ0,j.(1 − B0,j) 
j=0



Following the same way, we can analyze the blocking probability of the traffic sub-class PC0,j,
1≤j≤m . Thus, p0,j is given by the following expression:

p =B + F
0, j

p

p

0, j

0, j

, Where

(∑k=0
n

p

B

0,j

= E ( a0,j ,k) ,
p

p

F

0,j

=

j−1

γ +∑ λ
λ
k=0

0,k

)

0,k

(24)
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In the above subsection, we have presented the expressions established for the analysis of the
blocking probabilities of the different traffic sub-classes of the traffic of class 0. Following the
approach described previously, we can analyze the blocking probabilities qi,j, 0≤j≤n, of the different
traffic sub-classes of each traffic of class i, 1≤i≤N-1. Probability qi,j is given by the following
expression:
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And qi,0 is obtained by:
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The blocking probability pi,j, 0≤j≤m of the traffic sub-class PCi,j is given by the following
expression:
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As seen above, we can compute the blocking probability of the two traffic types based on the
blocking probability due to the lack of wavelengths at the considered core node. These expressions
will be useful for computing the different output parameters to perform the comparative study between
the developed analytic model and simulation results

3.8. Simulation and numerical results
To evaluate the performance of the proposed core node architecture and validate our analytic model, a
simulation is developed. In the sequel, we will present the simulation model and discuss the obtained
numerical results.

3.8.1. Simulation model
The simulation model addresses 6 majors issues are:

Node configuration: The configuration of the simulated node supposes two input and output optical
channels with a transmission capacity equal to 2.5 Gps. The node is equipped with a WU having a
large buffering capacity (i.e., a large number of available FDL in the WU) insuring the availability of
the needed storage for any contention resolution.

Traffic model: The traffic generated by an input channel is composed of two kinds of traffic units;
packets and bursts. The type of a new traffic unit is arbitrary generated based on a bursty traffic ratio
(BTR) 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). The traffic generated by an input channel is assumed to be uniformly
distributed between the two considered output channels.

Packets priorities: 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 different traffic
requirements. In our simulation study, we have considered four increasing packets priorities, denoted
by 0, 1, 2 and 3. Priority 0 is the highest one; it has the lowest traffic loss and transmission delay
tolerance. Priority 3 is the lowest one; it has the highest traffic loss and transmission delay tolerance.
We assume that the input traffic ratios of individual packet priorities are 10%, 20%, 30%, and 40% for
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priority 0, 1, 2, and 3, respectively. We also assume that all packets have the same length equal to
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 with the same traffic
priority. 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 our proposed
node architecture: the packets-loss mean rate and the average packet-blocking delay. The following
input parameters have been selected for the performance evaluation: the packet length (T), segment
length (Segl), mean time separating two successive units (MTSSU), packet maximum WU-buffering
number (m), segment maximum WU-buffering number (n), and bursty traffic ratio (BTR).

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
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 pseudorandom numbers generators (LC-PRNGs), which are well proved [64, 65]. In addition to the use of
the 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.

3.8.2. Numerical results
In this subsection, we present the obtained numerical results which show how the input parameters
affect the performance of the proposed node architecture. We also compare the analytic results to the
simulation results in order to conclude concerning the accuracy of the developed analytic model.

Traffic loss
We here investigate the performance of the proposed core node architecture. Specially, we are
interested in providing the impact of the key input parameters on the traffic loss.
Figure 3.3 shows the analysis and simulation results for the impact of MTSSU on the packets-loss
mean rate, where we set BTR=100%, T =5µs, Segl =10 packets, n =2 buffering number, Burstl = 5
segments. We observe that, for all traffic priorities, the packet loss probability obtained through the
developed analytic model match with the simulation results, which asserts about the accuracy of the
developed analytical model. The figure shows that the packets-loss mean rate decreases with the
increase of MTSSU. This corresponds to the traffic charge decrease, and so to the decrease of the
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contention probability. The figure illustrates that, a service differentiation is guaranteed and a high
performance is ensured for high-priority traffic classes.
Figure 3.4 presents the analytical and simulation results for the impact of Segl on the packets-loss
mean rate, when BTR= 100%, T= 5µs, MTTSSU=10*T, n=2 buffering number, and Burstl= 5
segments. Similar to Figure 3.3, this figure asserts that the analytic results are very close to the results
obtained from numerical simulation. It also shows that a very weak traffic loss is experienced for the
high-priority traffic (0, 1), and an acceptable performance is offered to the low-priorities traffic, say
priorities (2, 3). We observe that, the packets-loss mean rate increases with the increase of number
Segl. This can be explained by noting that the drop of a segment, due to a contention resolution, leads
certainly to the drop of Segl packets. Therefore, the increase of Segl is accompanied by the increase of
the number of dropped packets, and also the increase the packet-loss mean rate.
Figure 3.5 presents the analytic and simulation results for the impact of the packet FDL delay
threshold on the packets-loss mean rate, when BTR=0%, T=5 µs, and MTTSSU=0.5*T. We notice
that, for all traffic priorities, the packets-loss mean rate obtained through simulation match with the
analytical results. This figure also confirms that a service differentiation is allowed and a high
performance is ensured for the high-priority traffic classes (0, 1). We observe that, the increase of the
packet FDL delay threshold decreases the packets-loss mean rate. This can be explained by the fact
that the increase of the packet FDL delay threshold increases the packet maximum WU-buffering
number, which reduces the packets-loss mean rate.

Figure 3.3 : Packets-loss mean rate versus the mean time separating two successive units.
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Figure 3.4: Packets-loss mean rate versus segment length.

Figure 3.5: Packets-loss mean rate versus packet FDL delay threshold.

Blocking delay
To study the performance of the proposed core node architecture, we are here interested in providing
the impact of the main input parameters on the packet blocking delay.
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Figure 3.6 shows the analysis and simulation results for the effect of MTSSU on the packet-blocking
mean delay, when BTR is fixed to 0%, T is equal to 5 µs, and m is of 20 buffering number. This figure
confirms that for all traffic priorities, the average packet-blocking delay obtained throughout the
analytic model match with the simulation results.

We observe that a service differentiation is

guaranteed in terms of transmission delay and high performance is ensured for the high-priority traffic
priority (0) and tolerable performance is provided for the low-priority traffic classes (2, 3). Figure 3.6
also shows that the packet-blocking mean delay decreases with the increase of the duration of the
period separating two successive units. This is because the increase of the mean time forces the
decrease of the traffic load on each input channel, which reduces the contention probability, and so the
packet-blocking mean delay is decreased.
Figure 3.7 presents the simulation and analytical results for the impact of the packet length (T)
variation on the packet-blocking mean delay, when we fix BTR=0%, MTSSU = 0.5 x T, and m=20
buffering number. This figure shows a good agreement between the analytical and simulation results is
observed. We also observe that a service differentiation is ensured and a very low packet-blocking
delay is guaranteed for the high-priority traffic (0). We notice that, for all traffic priorities, the increase
of the time slot duration increases the packet-blocking mean delay. This can be explained as follows.
The increase of T increases the length of the FDL buffers used for contention resolution, which
increases the packet-blocking mean delay.

Figure 3.6: Average packet-blocking delay versus the mean time separating two successive units.
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Figure 3.7: Average packet-blocking delay versus packet length.

Figure 3.8: Average packet-blocking delay versus packet FDL delay threshold.

Figure 3.8 shows the analytic and simulation results for the impact of the packet FDL delay threshold
on the packet-blocking mean delay, when BTR=0%, T=5 µs, and MTTSSU=0.5*T. The figure states
that the analytic results are very close to the results obtained from simulation. We notice that a service
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differentiation is guaranteed and a low packet-blocking delay is provided for the two high-priority
traffic classes and acceptable performance is given for the low-priority traffic classes. The figure
shows that the increase of the packet FDL delay threshold increases the packet-blocking mean delay.
This is because the increase of the packet FDL delay threshold induces the growth of the packet
maximum WU-buffering number, which increases the average packets-blocking delay.

Analytical model accuracy
The observation made with Figures 3.3-3.8 show 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 analytic 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=1 and 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 that we have on hand.
Figures 3.9-3.10 present the numerical results obtained for the above mentioned configuration,
where we fix to BTR=25% (meaning the presence of packets and bursts), T=5.0µs, Segl=5 packets,
and Burstl=5 segements. The figures show that the analytic results are close to the results obtained
from simulation experiments. This validates the accuracy of the developed analytic model for a
general configuration of the proposed core node architecture.

Figure 3.9: Packets-loss mean rate versus the mean time separating two successive units.
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Figure 3.10: Average packet-blocking delay versus the mean time separating two successive units.

3.9. Conclusion
In this Chapter, we have proposed a new node architecture suitable for packet and burst traffic
handling, where the design of this architecture constitutes an intermediate phase for the design of an
OLS network. During the design phase, we have addressed the signaling, contention resolution, and
QoS support issues. Two signaling protocol have been introduced: an ATM-like protocol is adopted
for packet-based traffic handling, and a JET-like protocol is used for bursty traffic signaling. Based on
wavelength conversion and optical buffering techniques, a specific mechanism has been proposed for
contention resolution. QoS support has been provided through the use of a prioritized optical buffering
technique in which the choice of the traffic unit to convert or to delay, in contention case, is done
based on the priority of the contended units and the waiting unit occupancy.
To evaluate the performance of the proposed core node architecture, a theoretic model has been
developed based on a new conservation law and queuing network model. A simulation model has been
also developed to study the features of the proposed architecture, and validate the developed analytic
model. Numerical results show a good agreement between analytic and simulation results, which
validate the accuracy of the developed theoretical model. Finally, the objectives of the hybrid core
node architecture and its associated protocols are to overcome the shortcomings of existing optical
switching technologies explored for providing simultaneously all IP services transfer over an
integrated optical platform. In addition, our proposal constitutes an intermediate phase for making
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easier the design of a unified network architecture built on an enhanced node architecture which is
studied in detail in the next Chapter.

75

Chapter 4

Chapter 4

Design and Modeling Issues in OLS
Networks
4.1. Introduction
A major concern in optical switched networking is to design the viable network architecture and
protocols that can provide a suitable transport infrastructure. In Chapter 3, we have proposed a novel
node architecture and protocols for enabling a large set of IP services handling. The proposed
architecture and protocols have provided some fundamental functionality to IP layer. However, this
architecture cannot solve all of OPS and OBS shortcomings and cannot apply a unified transport
infrastructure, where integrated switching and signaling schemes are used. This architecture applies
two different signaling protocols: ATM-like for packet traffic handling and Jet-like for bursty traffic
management. It also performs two diverse switching protocols: packet switching and burst switching
paradigms. To enable the aforementioned protocols, this architecture needs to add several optical
components including multiple FDL buffering types in the waiting unit, and various optical gates in
the input processing unit and in the output processing unit and a complex switch fabric unit.
For this reason, we investigate in this chapter the introduction of a promising technology, where a
unified networking platform is provided. We also consider the design of the OPS/OBS core node
architecture constitutes an intermediate phase for the design of an OLS network architectures, which
can be considered as the suitable support of the next-generation optical Internet. Based on the survey
presented and discussed in Chapter 2, OLS technology seems to offer promising solutions that provide
fast all-optically switching and attempts to improve the network resources utilization [15, 16]. It can
also solve all-optical switching, signaling and optical buffering problems faced by OPS technology.
Moreover, it can overcome the identified switching, signaling and contention resolution problems of
OBS technology. Unfortunately, the current state of OLS technology cannot offer explicit transfer
guarantees including constraining QoS parameters, nor do they provide a suitable contention
resolution.
In this Chapter, we develop an OLS network based on the novel OLS core node architecture. We
address the provision of the differentiated and optimized services to IP traffics using new contention
resolution methods. The design of the novel architecture has required the introduction of some new
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aspects including packet segmentation, segment switching and segment assembly. For this, we assume
that an optical packet has a variable length payload associated with an optical header carrying control
information. We also propose a packet segmentation mechanism to provide QoS support. This
mechanism is implemented at each OLS edge node which divides the packet into equal length
segments [30, 49]. The advantage of the packet segmentation is to provide a finer granularity level of
differentiation to improve traffic requirements handling. The segmentation of variable length data
packets necessarily leads the data packets to a number of segments (by means of padding). Therefore,
the design of the OLS networks needs to address the problem of adapting the segment format at the
OLS edge node which is responsible for the labels management including label request and switching
label [15, 30].
Using OLS signaling, each segmented packet is preceded by a switching label containing the
control information related to the segments transport management. We extend the functionality of the
previous core node architecture to integrate signaling and switching schemes in a global OLS network
architecture. We focus on the issue of providing QoS support using prioritized optical buffering to
delay or to drop in contention case. We also define a queuing network model for the performance
evaluation using a conservation law allowing a prioritized buffering technique for better QoS
provision. In addition, we provide a numerical simulation that validates the proposed OLS network
architecture. During the design of the OLS node architecture, we consider the aggregation of FDL
buffering, and the use of an OLS signaling scheme between the LSP nodes.
The remaining part of this Chapter is organized as follows. Section 4.2 describes the OLS network
architecture and OLS signaling protocols. A more detailed description of the proposed contention
resolution mechanisms are discussed in Section 4.3. Section 4.4 develops the proposed analytic model,
as well as its analysis technique based on an original conservation law and queuing network model.
Section 4.5 focuses on performances evaluation of the proposed architecture. Finally, Section 4.6
concludes the Chapter.

4.2. OLS Network Architecture and Protocols
In an OLS network, the incoming IP packets from client applications are switched through the network
all-optically as it is shown in Figure 4.1. The switching tasks are insured in the electronic domain
using a switching label which is transmitted a head of IP packet for insuring the traffic switching over
an OLS core network. All packets, in the traffic, follow the built LSP from the ingress node to the
egress edge node. Edge nodes receive the incoming traffic, identify the switching information and QoS
requirements located in IP packet header, and build the LSP. An OLS core node transfers IP traffic
from source node to destination node based on the established LSP and set of optical switching labels
created during the signaling phase.
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Figure 4.1: OLS network architecture.

4.2.1. Node architecture
To minimize the node architecture in terms of cost, size, and processing speed, the OLS technology is
introduced. The motivation of the introduction of OLS technology is to perform an integrated
paradigm to enable a large set of IP services handling. In this context, a novel OLS core node
architecture has been proposed for OLS network building. The design of this architecture is based on
the use of the OPS/OBS core node architecture proposed in Chapter 3. The OLS node architecture,
which is depicted by Figure 4.2, is typically composed of multiple input and output ports. Each port
contains several channels which can handle with (w+1) wavelengths and a set of multiplexers and
demultiplexers. Unlike the OPS/OBS node architecture, w Wavelengths are used for data traffic
transport and one wavelength is dedicated to the out-of-band two-way OLS signaling scheme. The
OLS core node has the identical overall architecture which is composed of the following units: (a) an
input processing unit (IPU), (b) a switch control unit (SCU), (c) a switch fabric unit (SFU), (d) a
waiting unit (WU), and (e) an output processing unit (OPU). To cope with the OLS requirements, we
first eliminate the unnecessary optical components used in IPU, OPU, and WU units. Second, we
extend the provided functionality by adding a set of advanced functions to IPU, OPU, WU and SCU
units for suitably enabling OLS networking. In the following, we describe and discuss the added
components and functions:
•

At the IPU: in this unit, we have eliminated the two unnecessary optical components: the
synchronization module and two kinds of optical gate used during the identification process of
incoming unit at node entrance. We keep the OLS components, the input FDL and guard
interval generation task. An OLS component [50] is now used to extract the switching label of
the incoming fixed length segment generated from a variable length IP packet. We consider a
guard interval separating two consecutive segments of about 50 ns as imposed by the current
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available technology [48]. An input FDL with the limited size (i.e., equal to the segment
length) is used for the buffering of segments during switching label process.
•

At the OPU: to optimize this unit, we have found it interesting to discard the optical gates (i.e.,
the gate used to the burst identification and the gate dedicated to the packet detection). Like
the OPS/OBS node, this unit is associated with each output channel. It has a full range
wavelength converter that is used to increase the output port capability to resolve contention
resolution. Unlike the existing OPU, an E/O (Electrical/Optical) converter is used to convert
the switching label from electronic to optic domains after being treated by the SCU. An output
OLS component is implemented to attach the processed switching label with the associated
segments.

•

At the WU: to overcome the complexity of the WU of OPS/OBS core node architecture, the
unit contains now only one FDL with a size equal to the segment length. The FDL is usually
used to buffer the contending unit during a fixed time to resolve contention. Then, we have
eliminated the FDLs having a larger size that is used for burst and packet buffering.
Consequently, we obtain an optimized buffering unit in terms of cost and size. In addition to
this optimization, this unit can be equipped to provide an advanced buffering function.

•

AT the SCU: this unit is now responsible for managing the switching label with the
forwarding process and contention. It supervises the switching tasks based on the use of the
switching label related to the contending segments, when providing wavelength conversion or
FDL buffering as a contention method. Finally and unlike the previous architecture, the SCU
has the charge to instruct the OPU to attach the created switching label (i.e., a copy of the
initial switching label updated with the new switching information) ahead of the contended
segments for insuring the reliable delivery to the destination node.

Segments Optical Buffers
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SCU
EO

OE

OLS

1

FDL
OLS

SFU

IPU
Input

1

OPU
Output

Control Wavelength

N

W : wavelengths
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Data Wavelengths

Figure 4.2: OLS core node architecture.
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4.2.2. OLS signaling
Unlike the used OPS/OBS signaling protocol, the proposed OLS core node performs a unified
signaling scheme that includes LSP establishment. The adopted signaling protocol is out-of-band twoway signaling which is based on 2-step task: label requesting and label mapping. The first step ensures
the transmission of all information needed for traffic switching using a label request. The second step
confirms the LSP establishment and updates the switching tables located in the nodes involved by the
selected LSP based on the use of label mapping [31]. A guard interval is imposed between two
consecutive segments within the initial original IP packet. The switching label is inserted ahead of the
set of segments for insuring the switching procedure. This label carries control information including
the following:
•

Switching Information: This information contains an input switching label value which
indicates the appropriate input wavelength at an OLS core node.

•

Class of Service: This specifies segments priority which is useful during the signaling step
dealing with resource reservation. Moreover, this priority is needed for contention resolution.

•

Complementary Information: This specifies several types of information that are useful as the
type of segment (normal/deviated segment, a segment number, and a total segment number
issued from the original packet).

The proposed signaling scheme has another important task related to packet segmentation
management. The signaling protocol considers the issue and challenge including the forwarding
information of buffering or converting or dropping segments. In this case, when one or several
segments occurring in a packet are buffered, converted, or dropped, an appropriate control label is
built and sent from the node involved in the contention to the downstream nodes of the established
LSP to inform them about this activity. The downstream nodes undertake the suitable action in the
switching information availability.

4.2.3. Optical Label Switching scheme
The core node insures the switching process of arriving segments from an input port to an output port.
The switching tasks are achieved based on a switching label [16, 30]. When the core node receives a
set of segments, it first detects its switching label which is converted to electronic domain for identify
the output port. The core node can distinguish easily the switching label based on guard intervals
inserted to allow the identification of the switching labels and segments boundaries. During label
processing, the related segments are stored in optical domain exploring an input FDL, which has the
required length to buffer the optical segments. After the identification of the output port, the node
updates the switching label with the new switching value located on the switching table. In this case,
the switching label is converted to the optical domain, attached to the related segments and switched to
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the identified output port. This process is repeated at each OLS core node of the built LSP until the
segments arrive at its destination node.
During switching, the edge nodes contribute in offering a suitable switching environment by
enabling multiple functions to benefit from the unified OLS network infrastructure. The useful
functions depend on the node location (i.e., ingress or egress). The ingress node receives the incoming
traffic which consists of a set of IP packets. It identifies the traffic characteristics and requirements,
and performs LSP establishment using the aforementioned signaling scheme. Second, the edge node
inserts the built switching label ahead of each segmented packet and begins the data traffic
transmission [30, 31]. Upon receiving a set of segments within a packet, the egress edge node removes
the corresponding switching label, assembles the received segments into a packet, and delivers the
packet to the intended destination.

4.3. Contention Resolution
One of the most important issues in OLS networks is contention resolution. The adopted contention
resolution methods are a key aspect and they can affect heavily the overall network performance. To
overcome the limits of the node architecture proposed in Chapter 3, the OLS core node attempts to
enable more functions by combining multiple contention resolution methods including the provided
methods (i.e., wavelength conversion and FDL buffering) and deflection routing to improve the
network resource utilization and provide an efficient monitoring of the QoS parameters. In the
following, we detail the proposed approach for resolving contention and discuss contending unit
management, deflection-based contention resolution, and virtual label management.

4.3.1. Contending unit management
The core node architecture and its associated schemes determine how the contending units can be
managed to resolve contention. Recall, that before the data traffic transmission, an optimum LSP is
built where a set of wavelengths is assigned to the segmented packet all along an optical path. In
addition, each incoming unit forwarded in OLS network using a switching label that transmitted ahead
of the related unit. Based on these schemes, the proposed OLS core node architecture can extend the
contention resolution methods, adopted by the core node proposed in Chapter 3, by adding some
functions such as wavelength conversion and FDL buffering. Then, the node can now provide an
advanced level for monitoring the traffic requirements by using a delay constraint. Therefore, to
prevent an infinite FDL looping, the core node supervises a threshold corresponding to a maximal
FDL buffering delay. If, for a contending unit, the number of delaying exceeds the threshold, the unit
is then dropped.
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4.3.2. Deflection-based contention resolution
In addition to delay constraint management, the OLS core node can apply a deflection routing when
contention occurs. Using this method, the high-priority segments are switched to its original output
link of the established LSP while the low-priority segments are forwarded to an alternative LSP, either
by wavelength conversion or by deflection. The output wavelength is selected among the available
LSP able to transfer the contending unit to the intended destination. To do this, various requirements
are needed: (1) the contending segments are delayed at the input port (using an input FDL) to allow
the processing of the relating label; (2) a label (virtual, in that case) is created to forward the
appropriate information to help resolution; (3) the signal segments (including labels) should not
observe delays; and (4) when deflection is performed, the original next node (if any) is informed about
the operation so that it can update its knowledge. Our approach aims to satisfy all these requirements
and organize the signaling activity in order to give support for rapid resource reservation and
utilization, and the efficient selection of the neighbor to deflect to. The representation of charge
considered for the need of selection can be based on the ratio of packet number switched into the
wavelength over the total packet number associated to the link. The deflection failures when no
selection can be performed. In this case, the contending segment(s) is simply dropped.
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Figure 4.3: Wavelength conversion method using virtual label.

Recall, that OLS signaling scheme is based on two steps. The first one ensures the transmission of
all information needed for the switching achievement of the contending packets. The second one
confirms all resource reservations and updates the switching tables located in the nodes involved by
the light path (pre-fixed or virtual, as it is depicted in Figures 4.3 and 4.4). The two steps objective is
to reduce the low-priority packet losses and shorten the signaling delays. The signaling tasks that we
implement for our scheme satisfy the following statements:
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•

Signaling related to high-priority traffic and non contending low-priority units keeps the
original signaling OLS unchanged.

•

Nodes that are visited by a low-priority segment label should receive signaling information
from the node that noticed a contention for this segment and have decided deflecting,
converting, or dropping that packet.

•

Nodes may have internal FDLs that allow extra delays of contending segments.

•

Nodes that receive deflected (respectively converted) segments have to receive first the
information related to deflection.

Information transmitted to the receiving nodes of deflected (or converted) segments is inserted in
specific labels that we call virtual label as opposed to the labels established at the beginning of packet
transmission. The new switching technique can be defined as follows. The edge node accepts a low
priority packet only when there is an available wavelength. In this case, this node extracts the priority
level and the destination node address from this packet and initializes the corresponding fields on the
virtual label. The other fields are determined dynamically at each core node using the network
topology state and the intermediate node switching table. When contention occurs, the intermediate
node determines one available link allowing destination getting and selects the less charged
wavelength in that link. The neighbor node address is then stored in its corresponding field in the
virtual label.
This approach gives to the neighboring nodes a fundamental role in the resolution of contention.
They exchange information periodically to provide alternative routes for contending packets at lower
costs. They update their switching tables accordingly and manage evolving virtual labels. Figures 4.3
and 4.4 show the neighboring node activity in the case of wavelength conversion using virtual label
and deflection method using virtual label, respectively. When contention occurs, all these neighbors
are required to cooperate for the provision of a next node to the contending packet. Through those
allowing the destination getting, the one that provides the least available path is selected to be
involved in the switching process. Once the neighbor is selected, it has to relay the packet
appropriately or drop it.

4.3.3. Virtual label management
The virtual label concept constitutes an important paradigm among those introduced in the proposed
contention resolution scheme. Its introduction aimed to provide more efficient switching using a QoSbased signaling for contention resolution. Particularly, when it is used for wavelength conversion, it
can sustain a technique for exploiting the potentials of all optical network links. It guarantees an
acceptable QoS provision by reducing packet losses when the deflection technique is used. This
method is performed when FDL buffering and wavelength converting are unavailable on a core node.
This provides, at each switching operation, some virtual waiting queues in which the packet is stored
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while the virtual label is converted into electronic domain for analysis and relaying decision. When the
output port is determined using the wavelength converting mechanism, it ensures the switching
operation into other available output port [30, 31]. A low-priority packet is accepted only when the
edge node has an available wavelength. The virtual label that is inserted prior to the contending packet
contains the destination address and the priority level (extracted from the IP header packet). The edge
node adds also the neighbor node address and the output wavelength identification after analyzing the
forwarding table. The virtual label contains also the output wavelength and the neighbor node address.
Labels, switching as well as virtual, represent the main tool for the management of switching tables.
The use of FDL buffers allows packets to be delayed at the node entrance, and provides the needed
time to process the relating label. This shows that the path followed by a low priority packet managed
through virtual labels, compared to the path initially established by the normal labels is nothing but a
virtual circuit as compared to physical circuits.
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Figure 4.4: Deflection method using virtual label.

4.4. Analytic Model
As described in Chapter 3, modeling technique represents an efficient tool for performance analysis
and evaluating the behavior of network architecture and protocols. In Chapter 3, we have developed an
analytic model for the proposed OPS/OBS node architecture. To illustrate the efficiency of the use of
OLS technology, we follow a similar approach and developing an analytic model that considers the
impact of the main performance parameters leading to a new formulation of loss and blocking delay.
In addition to this formulation, this model can be useful for evaluating the performance of OLS
networks.
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4.4.1. OLS node characteristics and assumptions
We consider that each OLS core node handles N traffic classes having priorities 0,1,…and N-1 ordered
in a decreasing way. The traffic of each class is composed of variable-length traffic units segmented in
a number of equal-size segments. Let T, k and n denote respectively the segment length, the core node
number, and the segment maximal WU-buffering number. Let PCki,j, 0≤j≤n, represents the traffic subclass consisting of segments of class i which have been delayed j times to the WU of the core node m,
0≤m≤k. PCmi,0 represents the new arriving segments of class i at node m. We assume that an arriving
segment of class i addressed to a specific output port of a core node m follows a Poisson process with
rate λi. we denote by Pi,j be the blocking probability of a segment of the PCi,j traffic sub-class in OLS
network. Let w be the number of wavelengths available at each output port. Let us assume that a node
is equipped with a WU with a buffering capability, insuring a quasi permanent availability of the
needed storage capacity required by any contention resolution and subject to limited stay in the buffers
(a threshold of the number of internal switching is fixed). Optical units addressed to a given output
port are transmitted with their priorities and integrated the adequate traffic sub-classes.

4.4.2. OLS node and path modeling
Once the above assumptions are made, it becomes clearly to model an output port at an OLS core
node. This model, which is depicted by Figure 4.5, is an open queuing network system where each
core node is modeled by two queues. Queue 1 (say q1), represents the output port transmission unit
(wavelengths capability) and has an M/D/w/w preemptive priority type. Queue 2 (say q2) represents
the waiting unit (FDL buffering capability) and has a M/D/∞ type. The whole system is assumed to
handle N*(n+1) units classes corresponding to the N*(n+1) segment sub-classes.
Let us consider a path followed by a segment through the queuing network and suppose that the
arriving segment at first core node is an element of sub-class PC1i,0. This segment can be serviced
immediately or be blocked. In the first case, a transmission server at q1 is allocated to this segment
during a fixed service time T (equal to segment length). Then the segment leaves the system. In the
second case, the segment is sent to q2 where it is served during a deterministic service time equal to T.
When its service at q2 is completed, it moves to queue 1 as a segment of traffic sub-class PC1i,1. It tries
again to get a transmission server at q1; and so on, until it succeeds to get hold of a transmission server
at q1 or it is dropped. We note that each time that the segment returns to q1, its traffic sub-class is
updated according to the stay duration (PC1i,1… PC1i,n, ∈ PT

1
i,j+1

) as it is depicted in Figure 4.6.

Because the upper bound is fixed in terms of segment WU-buffering number, a segment of traffic subclasses: PC1i,n that cannot seize one transmission server at the transmission unit is dropped .
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Figure 4.5: Queuing model of an output port of the OLS core node.

4.4.3. Model analysis
Two metrics have been chosen to evaluate the performances of the proposed OLS core node: the
segments-loss mean rate and the segment-blocking mean delay. In the following, we present the
analysis of these performance metrics.

Performance metrics analysis: Let SLMRi and SBMDi denote the segments-loss mean rate and the
segment-blocking mean delay for the segments of class i, 0≤i≤N when the OLS network contains k
core nodes. Based on the proposed queuing network model, we can establish the following expressions
for evaluating the considered performance metrics for the traffic of class i.
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Figure 4.6: Queuing model of two consecutive core nodes.
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The above expressions can be proved as follows. Let SLP1i denotes the loss probability of a
segment-unit of class i at first OLS core node (.i.e., k = 1), SLP1i is given by the following
expressions:
n

p1 i,j
SLP 1 i = ∏
j =0

(3)

By computing SLPki at each node of the related LSP (k core nodes labeled 1,.., k), and by summing
SLPki at each core node (i.e., from node 1 to node k), we obtain the expression of SLPi as it is
presented in Expression (1). Let SUBMD1i denotes the blocking mean delay of an accepted segment
unit of the traffic of class i at the first core node (i.e., k = 1). SUBMD1i are given as follows:
m

j −1

j =1

k =0

SUBMD 1 i = ∑ j.T.( 1 − p i,j ).∏ pi,k

(4)

By computing the sum of SUBMDki at each core node, we obtain the expression of the SBMDi as it
is presented in Expression (2). As shown in the aforementioned expressions, we notice that the
evaluation of these metrics require the analysis of the blocking probabilities for the considered traffic
sub-classes (Pi,j, 0≤j≤n). This analysis has been conducted based on the original conservation law that
was initially proposed for the evaluation of burst blocking probabilities in an OBS network in the
presence of a preemption scheme [56].
Let Pki,j and 0≤i≤N-1, 0≤j≤n, denotes the blocking probability due to lack of transmission servers
(wavelengths availability) and the preemption probability of the traffic sub-class PCmi,j by higher
priorities traffic sub-classes at mth core node. Given that a pre-emptive priority service discipline is
assumed for traffic units transmission, and PC10,0, is supposed to be the highest priority traffic subclass, the blocking probability of the traffic sub-class PC10,0, P10,0 at first core node, is given by this
expression:
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We can establish the following expression for the analysis of P10,j, the blocking probability of the
traffic sub-class PC10,j, 1≤j≤n:
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Similarly, we can establish the expression of Pki,0, the blocking probability of traffic sub-class
PCki,0, which represents the highest priority segments of class i at kth core node.
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In conclusion, we have presented the expressions established for the blocking probabilities of the
traffic sub-classes of class 0 in novel OLS network. Following the same way, we can analyze the
blocking probabilities of the traffic sub-classes of each traffic of class i, 1≤i≤N-1 at core node k is
given by the following expression.
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4.4.4. Analytic model discussion
In Chapter 3, we have developed an analytic model for evaluation the proposed OPS/OBS core node
architecture using two main performance parameters: packets loss rate and packet blocking delay. To
study a comparative performance of the following architectures, OPS/OBS node and OLS node
architectures, we have followed the same approach made in Chapter 3. In addition, we have used the
same assumptions and a similar queuing model and conservation law in developing an analytic model
for an OLS network. And using the signaling, switching schemes, and contention resolution methods.
To present the comparative study between the developed analytic model and the simulation
results, we have reduced the complexity of the configuration of the simulation experiments due to
limitation of the resources that we have on hand.

4.5. Simulation and Numerical Results
Simulation experimentation is an important tool for analysis the network architectures. The objective
of such a simulation activity is, typically, the analysis of the architecture performance. For this, we
developed in the sequel a simulation model and explore the obtained simulation results for evaluating
the performance of an OLS network in order to validate the proposed OLS node architecture and
schemes.
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4.5.1. Simulation model
We describe here the simulation environment including network configuration, core node
configuration, traffic model and differentiation, and performance metrics as well as simulation model
accuracy.

OLS network configuration: We assume that the OLS network has three OLS core nodes organized
in a unidirectional ring using WDM or DWDM links. The ring can be a metropolitan area network
serving as a backbone interconnecting a number of access networks and transporting IP traffics. Each
link can support a large set of available wavelengths, where w wavelengths are dedicated for data
traffic transmission and the (w+1)th wavelength is used for applying the adopted OLS signaling
scheme for providing two kind of LSPs including the initial LSP and contention resolution LSP. Each
OLS edge node is attached to one or more access networks. In the direction from the access networks
to the ring, the edge nodes act as a concentrator. They collect and buffer electronically data transmitted
by users over the access networks it is linked to.

OLS node configuration: The configuration of each OLS core node supposes two input and output
optical channels with a transmission capacity equal to 2.5 Gbits/s. Each core node is equipped with a
waiting unit having a large buffering capability (a large number of FDLs) insuring the availability of
the needed storage for any contention resolution.

Traffic model: The traffic generated by an input channel at an edge node is composed of a large
number of packets. The inter arrival time between two successive packets received on the same
channel is assumed to be exponentially distributed. We have assumed four priorities, denoted by 0, 1,
2 and 3. Priority 0 is the highest one; it has the lowest traffic loss and transmission delay tolerance. We
assume that the input traffic ratios of individual packet priorities are 10%, 20%, 30%, and 40% for
priority 0, 1, 2, and 3, respectively. It is also assumed that all packets have variable length generated
uniformly distributed in interval [250, 1500] bytes.

Performance metrics: The same metrics have been chosen to evaluate the performance of the
proposed OLS network architecture: the segments-loss mean rate and the average segment-blocking
delay. The following input parameters have been considered for the performance evaluation: A
segment length and WU threshold at all core nodes (FDL buffering threshold). Contention can occur
between segments at core nodes (C1, C2 and C3) of the dedicated LSP in OLS network before
segments arriving at its destination.

Simulation model accuracy: Unlike to the simulation model developed in Chapter 3, the current
simulation activity is performed based on the use of the MATLAB tool. The generalization of the
environment of the simulation work is the main motivation behind the use of a different tool. The
validity of the developed simulation model is performed based on the use of random generators using
the generator of pseudo-random uniformly distributed numbers RAND predefined in the MATLAB
language libraries which are well proved [64]. The generation of the input traffic, simulations
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experiments are conducted using the sample-size calculated using a well used statistical method,
which may improve the credibility of the developed simulation model [65].

4.5.2. Simulation results
In this following, we present the obtained numerical results which attempt to show how the input
parameters affect the performance of the proposed OLS core node and network architectures.

Traffic loss
Figure 4.7 plots the segments-loss mean rate versus the impact of segments loss for the four traffic
priorities considering the end-to-end buffering threshold is equal to 10 and guard-band of 0.005 µs.
This Figure shows that a service differentiation is guaranteed and a high performance is ensured for
the high-priority traffic priorities (0 and 1). We observe that segments-loss mean rate increases with
the increase of segment length. This can be explained by the fact that the increase of this input
parameter increases the traffic charge on each input channel, which increases the contention
probability, and so the output parameter.
Figure 4.8 shows the impact of FDL threshold on segment loss mean rate when segment length is
equal to 750 bytes and guard band of 0.005 µs. The figure illustrates that a service differentiation is
ensured and a better loss rate is guaranteed for traffic of class 0. A very weak loss rate is provided for
traffic with priority 1. We observe that the variation of the FDL threshold has a good effect on the
segments-loss mean rate for all traffic priorities. This is because each segment has more chance to be
transmitted to the next node or to its destination when WU-buffering number is enhanced. The figure
illustrates also that an acceptable performance is the offered to traffic with low-priorities (2 and 3)
when the FDL threshold becomes greater than 10.

Figure 4.7: Segments-loss mean rate versus segment length.
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Figure 4.8: Segments-loss mean rate versus FDL threshold.

Figure 4.9: Segments-loss mean rate versus guard time value.

Figure 4.9 presents the segment loss mean rate for the impact of guard time when we fix segment
length to 750 bytes, end-to-end buffering threshold to 10 and guard band to 0.005 µs. We observe that
when the input parameter is less than 1 µs, the system is still in an instable state. When the guard time
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becomes greater than 1µs, the system becomes stable. In this case, the figure illustrates that, for all
traffic, a service differentiation is ensured and a better loss rate is guaranteed for the traffic of class 0.
A very weak loss rate is provided for traffic with priority 1. We notice that the variation of the guard
time has a good effect on the segments-loss mean rate for all traffic priorities. This is because the
increase of guard time decreases the contention probability, and so the output parameter. The figure
illustrates also that an acceptable performance is offered to traffic with low-priorities (2 and 3) when
the guard time becomes greater than 4µs.

Blocking delay
Figure 4.10 plots the packet-blocking mean delay versus segment length considering guard-band equal
to 0.005 µs and WU threshold of 10. We observe that a service differentiation is guaranteed in terms
of transmission delay. A high performance is offered to the high-priority traffic and acceptable
performance is provided for the traffic with low-priority types (1 and 2). The figure shows that the
segment-blocking mean delay increases with the increase of segment length. This is because the
increase of the segment length increases the traffic load on each input channel, which increases the
contention probability, and so the segment-blocking mean delay.

Figure 4.10: Average segment-blocking delay versus segment length

Figure 4.11 shows the impact of FDL threshold on segment-blocking mean delay considering
guard-band equal to 0.005 µs and segment length of 750 bytes. This figure shows that a service
differentiation is ensured and a weak segment-blocking delay is guaranteed for the traffic of class 0.
We notice that, for all traffic priorities, the increase of the FDL threshold increases the segmentblocking mean delay because the increase of FDL threshold increases the chance of successful FDL
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buffering when contention occurs, which increases the number segments switched and increases the
packet-blocking mean delay.

Figure 4.11: Average segment-blocking delay versus FDL threshold.

Figure 4.12: Average segment-blocking delay versus Guard time.
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Figure 4.12 presents the impact of the FDL threshold on the packet-blocking mean delay for
considering WU threshold of 10 and segment length of 750 bytes. This figure shows that a service
differentiation is ensured and a weak segment-blocking delay is guaranteed for the traffic of class 0
and 1. We notice that, for all traffic priorities, the increase of the input parameter decreases the
segment-blocking mean delay. This is because the increase of the guard time increases the time
separating the successive segments, which decreases the contention probability, and so the output
parameter.

Simulation activity extension
To clarify the effectiveness of the QoS-based contention resolution approach and to illustrate the
traffic behaviour and efficiency of resource utilization for an OLS lightpath, we have found it of great
interest to extend the simulation work. This extension considers the evaluation of the impact of two
other inputs parameters to help design of suitable contention resolution scheme for QoS support. We
present hereinafter the numerical results that we have obtained to show how the proposed contention
resolution techniques using virtual label performs over a considered lightpath. For the following
simulation experiments, we present the impact of traffic load and FDL number on segments-loss mean
rate.

Figure 4.13: Segment-loss mean rate versus traffic load.

Traffic load
Figure 4.13 presents the impact of traffic load on the segments-loss mean rate for assuming buffering
threshold equal to 10 and segment length of 750 bytes for a low traffic priority (class 3). This figure
summarizes all the performance results of different contention resolution techniques. It particularly
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allows classifying these methods according their performance results. In our case study, this
classification presents the FDL buffering method as the better one, followed by the deflection method.
The wavelength conversion method has the lowest performance in terms of segments-loss mean rate.
As shown, one can clearly determine a contention resolution method, which can resolve the contention
problem and provide a better QoS support.
We have found it useful to aggregate the three methods in an intermediate node and to evaluate the
corresponding improvement. That means that to resolve a contention observed on one segment, the
node applies successively the three methods as follows: it begins by the FDL method and in the case
of no FDL availability, then it performs the wavelength conversion method. In the case where there is
no available wavelength, the node performs the deflection method. In the case where there is no
available link, the segment is then dropped. The FDL method has been chosen in a first stage because
its deployment does not require any operation on the label. The deflection method has been chosen in
the final stage because its deployment requires a signaling operation to determine the alternative
available link. Some performance evaluations in terms of segments-loss mean rate have been made for
these aggregation methods. Figure 4.14 shows clearly that the aggregation allows better performances
than the individual methods.

Figure 4.14: Segment-loss mean rate versus traffic load.

FDL number
In Figure 4.13 and 4.14, we have discussed some performance results using the variation of the
number of packets submitted in the established LSP over the considered OLS network. Now, we
consider the number of FDL that can be successively used by the contended segment in each core node
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of the related lightpath. This parameter characterizes a node functioning, architecture and
performances and can be useful during the design and dimensioning operation of node and network
architectures. The performance analysis assumes that the packet number inserted to the node is a fixed
value.
Figure 4.15 shows the variation of the segments-loss mean rate according to the FDL number. It
shows that this rate decreases until becoming equal to zero when the FDL number increases. In fact
more the number of FDL is large; more the probability that the segment can be dropped is low. From a
certain threshold, this probability becomes equal to zero. Nevertheless, we have to mention that a large
number of FDLs can be dangerous because it can affect the node response time and the jitter
characteristics. So it seems obligatory to determine a high limit for the FDL number.

Figure 4.15: Segment-loss mean rate versus FDL number.

4.6. Conclusion
In this Chapter, we have mainly addressed the switching, signaling, contention resolution, and QoS
support issues. A packet segmentation policy, wavelength conversion, optical FDL buffering, and
deflection techniques, specific mechanisms have been introduced. An innovative switching technique
has been proposed where a virtual label is introduced. This new concept, added to the label paradigm
is used to define how a transfer unit is switched to its destination using available wavelength spaces. It
allows an efficient bandwidth utilization for providing an appropriate signaling for contention
resolution and improving QoS provision.
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Three contention resolution methods were specified to provide improvement of the performance
results. An aggregation of these three methods has been also proposed and some improvements were
observed. A theoretical model has been developed based on a conservation law and queuing network
model for evaluating the performance of the proposed approach. A simulation activity has been
performed to validate the theoretical results, which illustrate that a significant high performance is
ensured for high-priority traffic and an acceptable environment is also provided for low-priority
traffic. We believe that the proposed approach constitutes a novel switching scheme which can be used
to design a novel service differentiation approach for applications with various traffic demands.
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Chapter 5

Dynamic QoS Differentiation for Resource
Utilization in OLS networks
5.1. Introduction
Networking and operation activity using priority differentiation model cannot satisfy appropriately
the client application requirements. To our knowledge, little work has considered providing schemes
to completely support QoS based on traffic parameters. Only loss probability has been addressed. It
has been based on two mechanisms (referred to as early dropping and wavelength grouping) for
providing QoS-based parameters in OBS networks [68, 69]. For this reason, we develop in this
Chapter a new QoS scheme which extends the previous works by supporting various performance
parameters: packet loss and packet blocking delay based on new mechanisms for different traffic
types. We first enhance the standard Erlang system associated with the traffic model using a novel
approach that focuses on QoS requirements and service demands of users. Our approach also extends
the traditional (prioritized) QoS model to provide traffic differentiation and efficient resources
utilization.
In this Chapter, we propose an approach based on the concept of dynamic QoS performance
parameters. The proposed approach addresses this issue through the use of a new contention resolution
method and real-time traffic parameters management [25]. For this, we discuss a novel concept, called
dynamic LSP establishment, based on three mechanisms: dynamic QoS performance parameters
computing, link performance parameters processing, and parameters exchange to optical traffic along
the built LSP. This Chapter addresses particularly the definition of a novel QoS model for the
performance evolution of an OLS ring network based on the use of the core node architecture that we
have proposed and evaluated in [24] and detailed in Chapter 4. Based on the traffic requirements, a
dynamic buffering technique is used to resolve contention and provide QoS support through dynamic
optical buffering. The choice of the traffic to convert or to delay, in contention case, is made based on
dynamic QoS parameters and admission contract. Moreover, this Chapter develops an analytic model
based on a conservation law and a queuing network model and provides a numerical simulation that
validates the efficiency of the proposed QoS model.
The Chapter is organized as follows. Section 5.2 discusses the shortcomings of the prioritized QoS
model. Section 5.3 addresses the issue of QoS satisfaction and network resource utilization. It also
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details the proposed QoS model, and its associated algorithm, as well as the fundamental functionality
of edge and core nodes. Section 5.4 develops an analytic model for the proposed approach using a
conservation law and queuing network model. Section 5.5 discusses the performances evaluation of
the proposed QoS model through a simulation work, followed by a performance comparison with a
prioritized QoS model. Section 5.6 concludes the Chapter.

5.2. Prioritized QoS Differentiation
An important issue in OLS networks is the provision of the differentiated services to support various
QoS requirements for applications. The focus of QoS support in OLS networks is mainly to provide
key differentiation parameters including loss and delay. With prioritized QoS scheme, traffic is
accepted and processed based on the priority concept, which is specified by the type of service (TOS)
field located in the IP packet header. This priority is stored in the switching label and used to resolve
contention. In this scheme, the choice of the packet to convert or to delay during contention is done
according to its priority. The side-effect of this approach is an additional delay and loss penalty is
incurred in the lower-priority traffic transmission, while QoS provided in terms of delay and loss of
the higher-priority traffic can be larger than the requested constraints.
The limitations and shortcomings of the aforementioned scheme are related to the control level,
the need for additional parameters to monitor efficiently the offered resources, and the lack of the
information that should be exchanged between the LSP nodes to trigger contention resolution
mechanisms and provide the requested QoS requirements. For this reason, there is a need for
additional parameters, which will enhance the contention resolution and enrich the signaling schemes,
and ensure a better usage of the offered resources. With the additional information to the switching
label, OLS will be able to offer QoS support for applications with variable and divers QoS
requirements. The following section introduces the new model and its associated protocols.

5.3. Dynamic QoS Differentiation
As discussed above, OLS technology supports a prioritized QoS model, where the service
differentiation is provided based on the priority concept. Due to the limitation of the performance level
definition, this model may be unable to effectively handle the incoming data traffics. Therefore, we
propose in this section a new QoS model, called dynamic model to enable more sophisticated and more
efficient resources utilization, and offer QoS requirements.

5.3.1. QoS issue and resources utilization
To provide efficient resources usage, traditional OLS signaling can insure LSP establishment and store
packet priority in switching label which can be used to switch data traffic and resolve contention.
Prioritized QoS model can guarantee a lower delay and loss rate for high priority traffic, but provides a
worst performance for low priority traffic. Moreover, this model lacked coordination between LSP-core
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nodes to achieve large-scale network level performance. It is characterized by an inefficient network
resource utilization. Also, all parameter constraints cannot be guaranteed and the traffic performance
can be affected by overall network behaviors. Moreover, the traffic transport using this approach cannot
comply with constraining application QoS requirements because the QoS cannot be specified properly.
To overcome the problem of inefficient resource usage and QoS provision, dynamic QoS
differentiation is proposed, where the signaling protocol can be enhanced for providing a balance
between the requested QoS requirements and resources utilization. This approach can give a new
handling method for data traffic management, where the accepted traffic is identified using a set of QoS
performance parameters. The performance parameters are used during traffic transmission and
contention resolution. Also, the proposed approach can provide different levels of service for packets
using traffic contract and on-line measured performance parameters along the established LSP. In
addition, this approach introduces new signaling tasks, which enhance the traditional signaling scheme
to overcome the lack of the exchange of information control between the nodes of the built LSP.

5.3.2. Dynamic QoS model implementation
To implement the proposed QoS model over an OLS network, we adopt an out-of-band two-way
signaling scheme to establish an optimal lightpath. For this, one wavelength in each link is dedicated for
the signaling protocol. The use of these labels varies according to the node location (edge or core
nodes).

At an edge node
The ingress node is responsible for detecting the traffic characteristics and identifying its requested QoS
requirements to build the label request. This label contains the requested QoS including a loss rate and a
delay constraint, and the switching information of the incoming traffic. The egress node is responsible
for building a new label mapping. When the egress node receives a label request, it creates a label
mapping which contains the switching path information. The egress node sends back the created label
mapping to the ingress edge node for updating the switching tables of the selected LSP nodes.

At a core node
In our approach, each OLS core node needs to maintain a set of performance parameters statistics
including the number of packet arrivals and the number of packets dropped for each incoming traffic
type. This scheme is based on per-hop information to support performance parameters differentiation. It
relies on proper resource provisioning and LSP establishment. One important resource provisioning
technique is to manage contention based on QoS performance parameters in terms of packet loss rate
and packet blocking delay.
The proposed switching label integrates the new following information and applies the appropriate
algorithm for providing an efficient traffic management (i.e., for each traffic type):
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-

Dimax : the maximum packet blocking delay,

-

Limax : the maximum packet loss,

-

Didyn : the dynamic or real packet blocking delay,

-

Lidyn : the dynamic or real packet loss,

-

Switching information.

Therefore, two formulation types are considered for the previous performance parameters. We assume
that the definition of end-to-end packet delay constraints is formulated as integer FDL buffering
number which is used to resolve contention in every OLS core. In this case, each core node ensures
that FDL buffering does not exceed a certain duration which is less than the needed maximum packet
blocking delay.

5.3.3. Dynamic QoS provision algorithm
To solve aforementioned problems, we develop a dynamic QoS algorithm that combines two
contention resolution methods including wavelength conversion and FDL buffering. In addition, this
algorithm performs a dynamic preemption contention resolution to significantly monitoring QoS
requirements and efficiently utilizing the available resources. This algorithm is performed at each OLS
core node of the established LSP. Then, when the core node receives the switching labels of the
conflicting packets, it performs the proposed algorithm to identify wavelengths or buffering capability
that can resolve this contention. Based on the above presented parameters, the dynamic algorithm
performs the following tasks:
• At each OLS core node (from the 2nd node to the last core node): If contention occurs
Receive Switching Label of contending packet (traffic of type i and traffic of type j)
- Read Limax.
- Read Dimax.
- Compute Lidyn
- Compute Lidyn.
- Read Ljmax.
- Read Djmax.
- Compute Ljdyn
- Compute Ljdyn.
If (Dimax - Didyn < Djmax – Djdyn)
{
Then
{
Forward Switching Label and its packet of traffic of type i to the initial output port
Forward Switching Label and its packet of traffic of type j to an available alternative path
If (no available wavelength)
{
Then
Buffer Packet of traffic of type j in WU
Buffer Switching Label control in SCU
Update Didyn
}
Else
If (Dimax - Didyn >Djmax – Djdyn)
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{
Then
Forward Switching Label and its packet of traffic of type j to initial output port
Forward Switching Label and its packet of traffic of type i to an available alternative path
If (no available wavelength)
{
Then
Buffer Packet of traffic of type i in WU
Buffer Switching Label control in SCU
Update Djdyn
}
Else
If (Limax - Lidyn <Ljmax – Ljdyn)
{
Then
Forward Switching Label and its packet of traffic of type i to initial output port
Forward Switching Label and its packet of traffic of type j to an available alternative path
If (no available wavelength)
{
Then
Buffer Packet of traffic of type j in WU
Buffer Switching Label control in SCU
Update Djdyn
}
Else
If (Limax - Lidyn >Ljmax – Ljdyn)
{
Then
o Forward Switching Label and its packet of traffic of type j to initial output port
o Forward Switching Label and its packet of traffic of type i to an available alternative path
If (no available wavelength)
{
Then
Buffer Packet of traffic of type i in WU
Buffer Switching Label control i in SCU
Update Djdyn
}
Else
{
Compare the arrival date of (traffic of type i and traffic of type j)
Delete the packet lately arriving
Update (Ldyn)of the traffic related to the packet lately arriving
}
}
}
}

5.4. Analytic Model for Dynamic QoS Differentiation
To study the dynamic aspect of our proposed QoS model, we have found interesting it to develop an
analytic model for the considered OLS core node. Then, we generalize this model for an entire LSP
and for an OLS network with traffic flowing from everywhere.

5.4.1. Node-based modeling
We assume an OLS core node with N traffic types labeled 0,1,…N-1 which are composed of variablelength traffic packets. Let T, d, and k denote respectively a mean packet length, FDL number in WU
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and wavelength number available at each output port. Each traffic of type i is assumed to require a
maximum packet loss rate, Lmax , and a maximum packet blocking delay, Dmax. We specify the end-toend packet delay constraints as an integer number, mi which is used to limit FDL packet buffering
during the contention resolution.
Let PTi,j, for 0≤j≤mi, represents traffic of type i which have been buffered j times. PTi,0 represents
initial arriving packets of type i. Moreover, we assume that arriving packets of type i follow a Poisson
process with rate λi. Finally, let Bi,j and Fi,j denote the blocking probability due to the lack of
wavelengths and FDL, 0≤i≤N-1, 0≤j≤mi for the traffic of sub-type PTi,j. Packet addressed to a given
output port are transmitted with the needed QoS parameters, the status of dynamic QoS parameters
and integrate adequate traffic sub-types.
The above assumptions make it possible to model an output port of an OLS core node. The
proposed model is an open queuing network system that is described in Chapter 4 and depicted by
Figure 4.6.

Model analysis
We analyze here the performance based on two metrics: packets-loss mean rate and packet-blocking
mean delay.
•

Performance metrics analysis: Let PLMRi and PBMDi denote the packet loss mean rate and the
packet-blocking mean delay for traffic of type i, 0≤i≤N-1, respectively. Based on the queuing
network model proposed in Chapter 4 and depicted by Figure 4.6, we can establish the following
expressions for evaluating the considered performance metrics for the traffic of type i:



mi
mi −1
mi -1 k
k −1
PLMRi = Bi,0Fi , 0 + ∏Bi,j ∏ (1− F i , j ) + ∑ ∏Bi,j ∏(1− F i , j ) Fi ,k 


k=0 j =0
j =0
j =0
j =0

(2)

j −1

mi

∏

∑

PBMD =
jT (1− Bi , j ) (1− F i , k ) Bi , k
i j=1
k =0

(3)

Following the model discussed in Chapter 4, we can state the above expressions based on the
queuing model and the conservation law. In addition, the established expressions of the considered
performance metrics require the analysis of the blocking probabilities for the traffic of sub-types PTi,j.
•

Blocking probabilities analysis: To analyze the blocking probabilities of the different traffic sub-

types, we follow the investigation based on the conservation law as it is presented in Chapter 3. Let λi,j
and ρi,j denote the arrival rate and the traffic intensity of the traffic of sub-types PTi,j, 0≤i≤N-1, 0≤j≤mi.

λi,j and ρi,j are given by the following expressions:
j −1

λi,j = λi,0 ∏ Bi , k (1 − F i , k ) , 1 ≤ j ≤ m,
k =0
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j −1

ρ i,j = T. λ i,j = ρ i , 0 ∏ B i , k (1 − F i , k ) , 1 ≤ j ≤ m,
k =0

(5)

Let’s recall that Bi,j and Fi,j, 0≤i≤N-1, 0≤j≤mi, denote the blocking probability due to the lack of
wavelengths and FDL for the traffic of sub-type PTi,j. The blocking probabilities of the traffic of subtype PT0,0, B0,0 and F0,0 are given by the following expressions:

B

0 ,0

=

ρ

k

∑ ρ
k

l=0

F

0 ,0

=

ρ
l=0

l

i!

0 ,0

d

d!

0 ,0

∑ ρ
d

(6)

k!

0 ,0

l
0 ,0

(7)

i!

Using the conservation law, we can establish the following expressions for the analysis of Bi,j and
Fi,j the blocking probabilities of the traffic of sub-types PT0,,j, 1≤j≤mi. In this case, Bi,j and Fi,j are given
by the following expressions:
k

j −1

 ρ ∏ * (1− )  k!
Fi,l 
 i,0 l=0 Bi,l
=
Bi,j k
t
j−1
 ρ ∏ * (1− )  i!
∑
B
F
i ,l
i ,l
i,0
t =0 
l =0

d

j −1

 ρ ∏
* (1 − F i ,l )  d!
 i ,0 l =0 Bi ,l

=
F i,j d
t
j −1
 ρ ∏
 i!
∑
B
i ,l * (1 − F i ,l ) 
i,0
t =0 
l =0


(8)

(9)

5.4.2. LSP Path-based modeling
We here extend the analytic model along a given LSP. The considered LSP contains n core nodes from
an ingress node to an egress edge node.

Modeling
The LSP model that we consider consists of n core nodes including an ingress node and an egress edge
node. Each core node can handle N traffic types labeled 0,1,…N-1 composed of variable-length traffic
packets. Each traffic of type i is assumed to require less than a maximum loss (Limax) and than a
maximum loss (Dimax), during its transfer in the established path. Each core node maintains useful
information including the number of packet arrivals and the number of packets dropped at each node
occurring to the created LSP. In addition to the buffering process, it may be necessary to implement
the packet loss mechanism handling in order to guarantee the requested QoS requirements of the
incoming traffic.
To develop the suitable LSP model of the proposed approach, we use the above assumptions and
the same model described in Chapter 4 and depicted by Figure 4.5. Contrarily to the previous model,
the analysis of the current model is based on the output rates of the studied traffic at each LSP nodes.
Before presenting the model analysis, let us consider the following notations:
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-

PT1i,j: the traffic sub-type at the 1st node as composed by of packets of type i which have
been buffered successfully j times,

-

PT1i,0 : the newly arriving packets of the traffic of type i at the first core node,

-

Let λ1i : the initial input rate at the first core node,

-

γ1i,0 : the output rate of a new arriving traffic of type i at the first core node,

-

B1i,j : The blocking probability due to the lack of wavelengths, where 0≤i≤N-1, 0≤j≤mi,

-

F1i,j: the blocking probability due to the lack of the available FDL in WU, where 0≤i≤N-1,
0≤j≤mi.

Based on the above notations and on the expression reported in equation (4), λ1i,1 and γ1i,0 are given
as follows:
j −1

λ1i , j = λ1i , 0 ∏ B1i ,l (1 − F 1i ,l )

(10)

l =0

γ 1 i , 0 = λ 1 i , 0 (1 − B 1 i , 0 )

(11)

Let us consider a LSP traversed by an optical packet through the queuing network of the path
nodes and suppose that the arriving packet is an element of sub-type PTli,0, 1≤l≤n. This packet can be
serviced immediately or be moved to the WU. We note that each time that the packet returns to q1, its
traffic sub-type is updated according to the stay duration (∈ PTli,j+1 ) as it is described for the node
model. We also note that each packet successfully served at a q1 of the core node belonging to the
path, its traffic sub-type is updated according to the path node number (∈ PTl+1i,j ), 1≤l≤n. Then, we
can derive the output rate of the traffic of sub-type PTni,j at nth core node, γni,j by the following
expression:



j −1

j−1





k=0

l =k



γ ni, j = (1− Bni, j )γ n−1i, j + ∑γ n−1i,k ∏Bni,l (1− Fni,l )

(12)

The above expression can be stated as follows: let γ 2i,1 be the output rate of the traffic PT2i,1 which
defines that have been served one time by the first node or by the second node, then γ2i,1 is given as
follows:

γ 2i,1 =γ1i,1 (1−B2i,1) +γ1i,0B2i,0(1−F2i,0)(1−B2i,1)

(13)

Let now γ2i,j be the output rate of the traffic of sub-type PT2i,j , which defines the output rate of the
traffic of sub-type PTi,j have been delayed j times at the first node or the second core node. According
to the stay duration of the second core node, γ2i,j can be given by the following expression:
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j −1

j −1

k =0

t =k

γ 2 i , j = (1 − B 2 i , j ) γ 1 i , j + ∑ γ 1 i , k ∏ B 2 i ,k (1 − F 2 i ,k ) 




(14)

By computing the above output rate at each LSP node for all the traffic of sub-types PTli,j, we can
obtain the output rate at last node ,γni,j as it is given by expression (12).

Model analysis
Similar to the model developed in chapter 4, we have here chosen to evaluate the same performance
metrics for the LSP model. In the following, we analyze the performance of these metrics.
•

Performance metrics analysis

Let PLMRi and PBMDi denote the packet loss mean rate and the packet-blocking mean delay for
traffic of type i, 0≤i≤N-1. Based on the proposed queuing network model, we can establish the
following expressions.

PLMR

i



mi
m i −1
k −1
n  m i −1 k


l
l
l
l
l
l
l
=  ∑  ∑ ∏ B i, j ∏ (1− F i , j ) F i , k + Bi , 0 F i , 0 + ∏ B i, j ∏ (1− F i , j )  
j =0
j =0
j =0
  (15)
 l =1 k =1 j = 0

∑ ∑ jT (1 - PLMR l i )
n

PBMD

i

=

mi

l =1 j =1
n −1

∑ (1 - PLMR it )

(16)

t =1

The above expressions can be stated as follows: let PLMR1i denotes the loss probability of an
initial arrival packet of traffic of type i to a queuing system of the first OLS core node. PLMR1i can be
computed based on expression (2) presented for node-based model. By computing the loss probability
of the traffic of type i iteratively from the second node to the last core node, we obtain the expression
of PLMPi as it is presented in expression (15).
Let PBMD1i denotes the packet blocking mean delay of the accepted packet of the traffic of type i.
PBMD1i can be computed based on expression (3). To compute the blocking probability at the second
node, we must take into account packets accepted at the first node and dropped at the second node.
Using the expression (3), we obtain the expression of the PBMDi as it is shown in expression (16).
In our approach, the QoS management can be divided into fixed and dynamic method. In the fixed
method, the QoS requirements of the incoming traffic of type i are assigned in similar amount
according to the LSP node number. Let EPLi denotes the estimated packet loss mean rate of traffic of
type i, 0≤i≤N-1, EPLi is given by the following expression:
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 EPL 1i = LMax i

n

EPL i 
PLMR i j
∑

j =1
 EPL i =
n

(17)

Let EPBDi denotes the estimated packet blocking delay of traffic of type i, 0≤i≤N-1, EPBDi is
given by the following expression:

EPBD i

 EPBD i1 = D Max i

n −1


PBMD i1 + ∑ PBMD

j=2
 EPBD i =
n

j
i

(1 − PLMR )
j −1

(18)

i

In the dynamic method, the QoS requirements of the incoming traffic of type i are handled
consecutively depending on the status of QoS parameters in the upstream node of the established LSP
(if exists). In this case, the expressions of the two above parameters are given as follows:

EEPL

j
i

 PL i f or j = 1
 PL − PLMR k f or j = 2 and k = 1
i
i

 ....
= 
n −1


PLMR i j
∑

 EPL i = PL i −  PLMR i1 + n − 1 j = 2

(1 − PLMR

∑

j =1

f or 0 ≤ i ≤ M − 1 and 1 ≤ j ≤ n




j
)
i


 Di for j = 1
 D - PBMD k for j = 2 and k = 1
i
 i
j
EPBDi = ...

n −1
 EPBDi = Di −  PBMDi1 − ∑ PBMDi j (1 − PLMR i j − 1 )

j=2


for 0 ≤ i ≤ M − 1 and 1 ≤ j ≤ n

(19)

(20)

5.4.3. Network-based modeling

To evaluate the performance of an OLS network, we have found it useful to extend the discussion to a
node and LSP model. Using the above assumptions, we can model an OLS network as depicted by
Figure 5.1. Let βi,j denotes the arrival rate of the accepted traffic of type i from the first node, αi,j
denotes the output rate of the accepted traffic from another LSP which arrived at node p, and θi,j
denotes output rate of the overall traffic at the node p. θi,j can be defined as follows:

θ i, j = γ i, j + α i, j
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Based on the above formulation, we can establish the expression of the output traffic rate at each
node for evaluating the overall OLS network performance. Figure 5.1 clearly shows several incoming
traffic (i.e., T1, T2, …, TP) belonging to the multiple LSP. In this context, it is impossible to elaborate
directly the global output rate based on the Expression (12). For this reason, it is feasible to conduct
the individual formulation of the output rate of each LSP and then compute the global output rate (i.e.,
at the core node p) using the expression of the Equation (21).
Traffic
Extension

T1
node 1

node n-1

node p

node 2

……………

node n

……………

Ti
Tp

Contention
Resolution

Figure 5.1: OLS network with traffic extension.

5.5. Simulation and Numerical results
To evaluate the performance of the proposed QoS model, a simulation model is developed. In the
sequel, we present the implemented simulation model and discuss the obtained numerical results.
5.5.1. Simulation model

We describe here the simulation environment, such as network configuration, core node configuration,
traffic model and service differentiation, as well as simulation metrics.
Network configuration: We consider an OLS network with four OLS core nodes organized in a

unidirectional ring, as it is depicted in Figure 4.1. The ring can be a metropolitan area network serving
as the backbone that interconnects a number of access networks and transports various IP traffic types.
Each DWDM fiber link between two OLS core nodes can support (w+1) available wavelengths. Of
these, w wavelengths are used to transmit data and the (w+1)-th wavelength is dedicated to the control
plane (i.e., signaling scheme prior and during switching processes). Each OLS edge node is attached to
one or more access networks. In the direction from the access networks to the ring, the OLS edge
nodes act as a concentrator. It collects and buffers electronically data transmitted by users and
transports over the ring. Buffered data are transmitted to the destination egress nodes.
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Node configuration: The configuration of core nodes supposes two input and two output channels

with a transmission capacity equal to 40 Gbps. The node is equipped with a WU with a buffering
capability insuring a quasi permanent availability of the storage capacity required by contention
resolution. In the simulation, the traffic generated by an input channel at an edge node is composed of
variable length IP packets. The inter-arrival time between two successive packets received on the same
input channel is assumed to be exponentially distributed. All simulations have been performed for a
period of time long enough to reach a reliable conclusion. For this reason, each core node handled a
large number of packets for achieving a state stability of the whole system.
Traffic model and QoS differentiation: We have found it interesting to consider multiple traffic

types of the arriving packets. Traffic types allow in fact the definition of various node behaviors. In
our case, we have considered four packets traffics, denoted by T0, T1, T2 and T3 (i.e., DSC0, DSC1,
DSC2 and DSC3). The classification of each traffic type is defined depending on packet loss and
packet blocking. Traffic of type T0 requires the lowest traffic loss and transmission delay tolerance. T3
has the highest loss and blocking delay. We assume that the same ratios are assigned for the input
individual packet of each traffic type. In this simulation, we have fixed the request loss rate of each
traffic type to (MLT0=0.1, MLT1=0.2, MLT2=0.3 and MLT3=0.4), and the needed blocking delay to
(MDT0=0.2µs, MDT1=0.4µs, MDT2=0.6µs and MDT3=0.8µs), where ML and MD represent
maximum loss and maximum delay. It is also assumed that all packets have a variable length
generated uniformly distributed in the interval [250, 1500] bytes.
Performance metrics: The following performance metrics have been chosen to evaluate the

performance of the proposed model: the packet loss mean rate and the average packet-blocking delay.
A set of input system parameters have been considered for the performance evaluation: the packet
number, packet length, packet inter-arrival mean rate. Contention can occur between packets at the
output port of each LSP-core nodes belongs to network core before they arrive to destination.
5.5.2. Simulation results

In the following subsections, we present the numerical results that we have obtained to show how the
proposed QoS model is performed over an OLS network. We also compare the results obtained using
the static (prioritized) QoS model to the proposed model.
Blocking delay

Figure 5.2 plots the packet-blocking mean delay versus the impact of packet inter-arrival mean time
considering a variable-length packet and a fixed load of packet traffic. The simulation investigates
various traffic types which differentiate performance parameters by utilizing the aforementioned
packets delay and packet loss rate for each traffic type using a dynamic QoS scheme (DS). For a static
scheme (SS), we have assumed four priorities, denoted by 0, 1, 2 and 3 (i.e., SSC0, SSC1, SSC2 and
SSC3). Priority 0 is the highest one; it requires the lowest loss and transmission delay. We assume that
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the input data traffic ratios of individual packet priorities are identical. We observe that a service
differentiation is guaranteed in terms of transmission delay and a high performance is ensured for each
traffic type using DS scheme. We also observe that the packet-blocking delay with DS is lower than
blocking delay with SS scheme. The figure shows that the packet-blocking mean delay decreases with
the increase of the packet inter-arrival mean time. This can be explained by the fact that the increase of
the input parameter increases the time separating two successive packets on each input channel, which
decreases the contention probability and so the packet-blocking mean delay.
Figure 5.3 plots the packet-blocking mean delay versus the packet length considering packet interarrival mean time of 0.3µs and a fixed load of packet traffic. The figure shows that a service
differentiation is ensured and a very weak packet-blocking delay is observed for class 0 using SS
scheme and a guaranteed delay for all traffic types using DS scheme. We notice that, for all traffic
types, the increase of the packet increases the packet-blocking mean delay. This can be explained as
follows. The increase of packet length increases the risk of contention, which increases the packetblocking mean delay.

Figure 5.2: Average packet-blocking delay versus packet inter-arrival mean time.

Figure 5.4 shows the impact of the number of packets generated per traffic on the packet-blocking
mean delay, assuming that the packet inter-arrival mean time equal to 0.3µs. We observe that a weak
packet-blocking delay is reduced drastically for the highest traffic priorities (i.e., SSC0 and SSC1) in
SS scheme. We notice that the DS scheme performs better than the SS scheme for all traffic
types/priorities and the increase of the packet number increases the packet-blocking mean delay. This
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is because the increase of packet number increases the contention case and so the buffering process,
which increases the packet-blocking mean delay.

Figure 5.3: Average packet-blocking delay versus packet length.

Figure 5.4: Average packet-blocking delay versus packet number.
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Traffic loss

Figure 5.5 presents the impact of the packet inter-arrival mean time on the packets-loss mean rate for
four traffic types considering variable packet length and a fixed load data traffic. This figure shows
that a service differentiation is provided and a high performance is witnessed. We observe that the
packet loss with DS scheme is lower than the SS scheme because the behavior of the system using DS
scheme is managed thought the use of dynamic contract. We also observe that the packets-loss mean
rate decreases with the increase of packet inter-arrival. This corresponds to the increase of the time
separating two successive packets, and the decrease of contention cases.

Figure 5.5: Packet-loss mean rate versus packet inter-arrival mean time.

Figure 5.6 shows the impact of packet length on the packets-loss mean rate when inter-arrival
mean time is equal to 0.3 µs and under fixed load data traffic. This figure illustrates that the dynamic
QoS scheme performs better than the static scheme for low priority traffic. The two schemes have
almost the same performance with high priority traffic (i.e., DSC0 and SSC0), since the behavior of the
dynamic scheme depends on the choice of dynamic contract which gives enough flexibility to handle
real QoS parameters and maintains the specified requirements for each traffic type. We observe that
the packets-loss mean rate increases with the increase of packet length. We also observe that the
variation of the packet have a weak effect on the packets-loss mean rate. This is because the number of
packet lost per contention is potentially less when the packet length grows. The figure illustrates also
that an acceptable performance offered to low-priorities for SS scheme and a reasonable network
performance is maintained along the LSP.
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Figure 5.6: Packet-loss mean rate versus packet length.

Figure 5.7: Packet-loss mean rate versus packet number.

Figure 5.7 shows the impact of the packet number on the packets-loss mean rate for a fixed interarrival mean time of 0.3 µs. We observe that the DS scheme offers the requested QoS requirements,
since the behavior of the dynamic scheme is managed through the use of a dynamic contract that gives
enough flexibility to control the packet blocking delay and maintains a reasonable packet loss. We
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observe that the packet-loss mean rate increases with the increase of the packet number. We also
notice that the variation of the packet number has an acceptable effect on the packet-loss mean rate.
This is because the number of packet lost per contention case increases when the number of packets of
the traffic generated by each input grows.
Simulation work extension

To clarify effectiveness of the proposed model and illustrate the dynamic behavior of the incoming
traffic for the studied OLS network, we have found it of great interest to extend the simulation
experiments by evaluating the impact of the other key inputs parameters: the number of traffic types
and the number of LSP nodes to help design and dimensioning a suitable OLS network architecture
and protocols.
Impact of traffic type

Figures 5.8-5.9 present the impact of the packet inter-arrival mean time on the packet-blocking mean
delay when the number of the traffic types is equal to five and six using the same ratios of the input
traffic type considering a variable packet length and a fixed data traffic load. We observe that the
packets-loss mean rate increases with the increase of the number of traffic types. We notice that a
service differentiation is provided and a low packet-blocking mean delay is guaranteed for the two
high-priority traffic type (i.e., DSC0 and DSC1). Moreover, an acceptable performance is given for the
lowest traffic types (i.e., DSC2, DSC3 and DSC4). This can be explained as follows: the increase of
the number of traffic types increases the contention management and provides a large packets-loss
mean rate of the lowest traffic type (i.e., DSC3).

Figure 5.8: Average packet-blocking delay versus packet inter-arrival mean time (4 traffic types).
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Figure 5.9: Average packet-blocking delay versus packet inter-arrival men time (6 traffic types).

Figure 5.10: Packet-loss mean rate versus inter-arrival mean time (5 traffic types).

Figures 5.10-5.11 plot the packets-loss mean rate versus the packet inter-arrival mean time for
above mentioned configuration. We observe that, for all traffic types, the packets-loss mean rate
decreases with the increase of the packet inter-arrival mean time. The observation made with these
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figures shows that the requested traffic requirements are provided when the number of the traffic types
grows. These figures also illustrate that a low packets-loss mean rate is provided for the highest traffic
types and acceptable performance is given for the lowest traffic types. This can be explained by the
fact that the increase of the number of the traffic types increases the management of the differentiation
(i.e., using dynamic traffic differentiation for several traffic types), which increases contention
management. Like Figures 5.14-5.15, the same behavior of the output parameter of the lowest traffic
types is shown.

Figure 5.11: Packet-loss mean rate versus packet inter-arrival mean time (6 traffic types).

Impact of LSP nodes number

Figures 5.12- 5.13 show the impact of the packet inter-arrival mean time on the packet-blocking mean
delay for four traffic types considering a variable packet length, and a fixed data traffic load. These
figures show that the packets-loss mean rate increases when the number of LSP-core nodes grows.
This is because the number of packet lost per contention increases when the number of core node
increases. This increases the contended packets buffering and so increases the packet-blocking mean
delay. Figures 5.13-5.14 show the impact of the packet inter-arrival mean time on the packets-loss
mean rate. These figures illustrate that the packets-loss mean rate increases when the number of LSP
nodes grows. This is because the increase of the number of the core node induces the growth of the
size of the built LSP, which increases the contention probability in each LSP node and so decrease the
packets-loss mean rate.
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Figure 5.12: Packet-loss mean rate versus packet inter-arrival mean time (3 core nodes).

Figure 5.13: Packet-loss mean rate versus packet inter-arrival mean time (4 core nodes)

Figures 5.12- 5.13 show the impact of the packet inter-arrival mean time on the packet-blocking
mean delay for four traffic types considering a variable packet length, and a fixed data traffic load.
These figures show that the packets-loss mean rate increases when the number of LSP-core nodes
increases. This is because the number of packet lost per contention increases with a variation of the
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core node number. It increases the contended packets buffering and so increases the considered output
parameter. Figures 5.13-5.14 show the impact of the packet inter-arrival mean time on the packets-loss
mean rate. These figures illustrate that the packets-loss mean rate increases when LSP-core node
number grows.

Figure 5.14: Average packet-blocking delay versus packet inter-arrival mean time (3 core nodes)

Figure 5.15: Average packet-blocking delay versus packet inter-arrival mean time (4 core nodes)
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5.6. Conclusion
In this Chapter, we addressed the issue of QoS support in an OLS network. We introduced a new
technique for traffic differentiation and resource provisioning, called dynamic QoS model, where the
network resource is allocated and managed dynamically using a set of QoS performance parameters.
Based on a new packet differentiation, wavelength conversion, and dynamic FDL buffering
techniques, a specific mechanism has been built for the contention resolution. We have also proposed
a dynamic QoS algorithm, where the decision of the contention management is made based on the
status of the real QoS parameters. The simulation results have shown that the proposed model can
effectively reduce the packet loss rate and the packet blocking delay compared to the static QoS
model. Also, we have observed that the proposed approach performs better than the static approach
with respect to providing the differentiated QoS for the accepted traffic types. Moreover, the dynamic
traffic differentiation is easily scalable to support multiple traffic types and enhance resources
utilization in an all-optical OLS network.

119

Chapter 6

Chapter 6

A QoS-based Scheme for Planning and
Dimensioning of OLS Networks
6.1. Introduction
QoS support for applications with diverse demands is an important issue in OLS networks. As
proposed in [29, 76] and discussed in details in Chapter 5, OLS technology can support two QoS
models: prioritized (static) and dynamic. In the static model, the service differentiation is provided
based on packet priority and the service requirements for a given class are defined based on priority
levels [52, 53] whereas, the dynamic QoS model, as it is proposed in [29, 76] and detailed in Chapter
5, is defined by a set of specific traffic performance parameters. Moreover, the dimensioning aspect
using a static model cannot comply with constraining client application QoS requirements because
QoS management is done based on class priority only. We consider in this Chapter an OLS network
where all nodes perform a dynamic QoS differentiation. This will allow addressing planning and
dimensioning problem.
Planning is a critical task in optical label switched network, since the network design and data
transmission costs are fundamental criteria and can influence the choice of the networking platform
and operation. Planning can be made based on two activities: dimensioning and optimization.
Currently, the optimization problem formulation is an important design consideration in OLS
networks. This formulation can be applied to the optimization of network resources and cost, and
network traffic characterisation. The network cost optimization can be presented as the process of
minimizing network components cost while maximizing network resources utilization. However, the
network traffic optimization consists in maximizing data traffic transmission over the considered
network and guaranteeing the requested QoS requirements for the accepted traffic.
To our knowledge, there is no previous work that has considered the optimization of network
design cost in OLS networks, especially providing link and buffering capabilities optimization
according to traffic’s QoS requirements. In most of the existing work, the authors have attempted to
solve network optimization problem by optimizing the link and lightpath capabilities in logical
topology using wavelength routing technique [68, 69, 70]. Other works [71, 72, 78, 79] have
addressed traffic grooming and virtual topology optimization using wavelength routing and
assignment; where traditional methods including the Integer Linear Programming (ILP), heuristic
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methods, Genetic Algorithm, Tabu-search and simulated annealing are used [77]. However, most of
these methods do not take into account the QoS requirements.
In this Chapter, we develop a scalable dimensioning and optimization problem formulation
scheme and formalize it using two QoS parameters: packet blocking delay and packet loss rate, and
assuming the OLS node architecture that we have proposed in [21, 24] and developed in previous
Chapter. The proposed approach considers the dimensioning and optimization of buffering capacity
(for each core node) and wavelengths capability (for each transmission link) [28].
The remaining part of this Chapter is organized as follows. Section 6.2 discusses planning and
dimensioning issues in OLS networks. Section 6.3 presents the dimensioning and optimization
approach. Section 6.4 develops the proposed analytic model for setting the network dimensioning of
optimization problems as well as its technique using the conservation law and queuing network model.
Section 6.5 discusses and analyses the experiment resolution of the network resources dimensioning
and optimization problems through a simulation work. Section 6.6 concludes the Chapter.

6.2. Planning and Dimensioning issue
Planning and dimensioning is an important issue in OLS network. Dimensioning and optimization
aspects require not only a matured physical topology, node and network architectures, but also a
careful investigation of suitable signaling and switching as well as contention resolution schemes.
Dynamic QoS model has been proposed for providing a unified control plane which enhances both
switching and contention resolution. This model is built considering the equilibrium link between QoS
and cost. Based on this model, OLS network provides the requested traffic requirements implying a
specific amount of network resources. In this case, the network resources involve an additional amount
of FDL buffering capacity and transmission capability to resolve contention for providing the traffic
requirements. Consequently, this model is not able to provide an advanced level of the network
resources dimensioning and optimization. Consequently, there is the need for investigating a novel
dimensioning and optimizing approach that can optimize the network resources and guarantee the
requested QoS requirements.

6.3. OLS Network Planning and Dimensioning
The proposed dimensioning and optimization approach can be applied to the process of optimizing
network cost and traffic management based on the traffic requirements. The motivation behind the
introduction of this approach is to achieve the best possible performance within the limits of physical
constraints. For this reason, we attempt to optimize the network topology by dimensioning the buffering
capacity of the OLS core node that we have proposed in Chapter 4. We also consider the optimization
of the used transmission link capability in the OLS network built on this node architecture to reduce the
physical topology cost. In addition to the optimization tasks, we interest to ensure QoS provision
according to the traffic requirements through the use of the dynamic QoS differentiation. We analyze
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the impact of multiple traffic types on the network resources dimensioning by using the dynamic
signaling and switching schemes as well as dynamic contention resolution.
The OLS core node that we have proposed in Chapter 4 uses a hybrid WU which contains a large
buffering capability. This buffering capability can be optimized for reducing the node cost, maximizing
the node performance and providing the QoS requirements. For this, we introduce a new approach to
optimize the node design and enhance the performance of the adopted node architecture. The first task
consists in optimizing the node architecture by providing an appropriate dimensioning and optimization
formulation of the WU capability (i.e., the FDL number) which has certainly an impact on the node
cost. The second task attempts to give another dimensioning and optimization problem formulation of
the transmission capability (i.e., the wavelength number per link) used in the physical topology.
To give more generality to the proposed approach, we extend and integrate the dimensioning and
optimization problem by providing an accurate formulation for any established LSP. This extension is
made based on the use of the same core node architecture and the same link capability between all LSPcore nodes. Moreover, a global dimensioning and optimization problem formulation has been proposed
for an OLS network, where the LSP approach is extended to perform the management of multiple
traffics flowing from every where.

6.4. Analytic Model for Planning
We present an analytic model developed for formulating OLS network resources dimensioning and
optimization using the dynamic QoS model. We start by developing an analytic model for an OLS
core node. Then, we extend this model to formulate the LSP path resources dimensioning and
optimization problems. The obtained models are then used to provide an overall dimensioning and
optimization problem for an OLS network through the use and the management of multiple LSPs and
traffics.
6.4.1. Core node modeling

We attempt here to develop an appropriate model and analyze it for formulating the suitable
dimensioning and optimization problems of an OLS core node.
Modeling

We apply here the same environment used to develop the model of the dynamic QoS differentiation
described in Chapter 5. The proposed model is depicted by Figure 6.1. The difference of the current
model is that the use of two particular queues. The first queue (say q1) represents the output port
transmission has an M/D/k/k preemptive dynamic QoS parameters, where k represents the transmission
capability (i.e., the wavelength number). The wavelength number defines here the first key parameter
of the proposed formulation and it is closely related to the buffering capacity that can be enabled to
carry the contending packets at the core node. The second queue (say q2) represents the buffering
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capacity (i.e., the FDL number per WU). This queue has an M/D/d/d type, where d represents the FDL
number. The second parameter is also closely related to the transmission capacity that can be used in
the core node. The motivation behind this idea is to minimize the FDL number and wavelength
number to avoid the use of the huge numbers of wavelengths and FDLs.
Before presenting the additional functions of the current model, let us consider the following
notations:
-

PT1i,j : the traffic sub-type at the first node as composed by the packets of type i which have
been buffered successfully j times at WU of the core node,

-

PT1i,0: a newly arriving packets of the traffic of type i at the first core node,

-

λ1i : the initial input rate at the first core node,

-

γ1i,0: the output rate of a new arriving traffic of type i at the first core node,

-

B1i,j: the blocking probability due to the lack of wavelengths,

-

F1i,j : the blocking probability due to the lack of the available FDL buffers in WU,

-

T : the packet length,

-

λi : the arrival rate of a traffic of type i at a specific output port of the core node,

-

mi: the maximum buffering number of a traffic of type i at the WU of the core node.
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Figure 6.1: OLS core node modeling.

As depicted by Figure 6.1, we clearly distinguish the difference between the current model and the
model mentioned in Chapters 4 and 5. In this case, if the packet is blocked due to the lack of
transmission capacity, it is sent to queue q2, where it can also be served or dropped. In the current
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model, the packet can be blocked and then discarded due to the lack of the FDL buffers because the
node is composed of a WU, where the d FDL buffers cannot enable (i.e., the number of servers at q2)
a large buffering capacity as it is implemented in the previous model. In addition, the buffering
capacity is closely related to the wavelength number utilized in the transmission capacity (i.e., the
number of servers at q1).
Model analysis

We consider the two main performance metrics that we have analyzed in the previous model (i.e., the
dynamic QoS model): the packets-loss mean rate and the packet-blocking mean delay. The analysis of
the performance of these metrics is conducted using the same approach. Let now PLMRi and PBMDi
be the packet loss mean rate and the packet-blocking mean delay for the traffic of type i, 0≤i≤N-1,
respectively. Based on the proposed model, these two metrics are given by the following expressions:


mi
mi −1
mi -1 k
k −1
PLMRi =  B i,0 Fi , 0 + ∏ B i, j ∏ (1− F i , j ) + ∑ ∏ B i, j ∏ (1− F i , j ) Fi ,k 
j =0
j =0
k =0 j =0
j =0



(1)

j −1

mi

∏

∑

PBMD =
jT (1− Bi , j )
(1− F i , k ) Bi , k
i
j =1
k =0

(2)

For further details about how the two above expressions can be stated, one can refer to Chapter 5.
Now, we attempt to solve the node architecture design problem by formulating it as an
optimization problem. In this formulation, we consider a core node, where the traffic of type i is
managed based on its requirements. In this case, the traffic is handled using two QoS parameters
including maximum packet loss rate (Lmax) and maximum packet blocking delay (Dmax). The node also
maintains for the traffic of type i the dynamic loss guarantee (Ldyn) and the dynamic blocking delay
guarantee (Ddyn). In this case, the two functions that we need to minimize successively for a given
traffic are given by the following steps:
In the first step, the buffering capacity optimization problem can be formulated as follows:
Minimize ( d ) such that
 PLMR ≤ LMax

 PBMD ≤ D Max

(3)

with k link capability

In the second step, the link capacity optimization problem can be formulated as follows:
Minimize ( k ) such that
 PLMR ≤ LMax

 PBMD ≤ D Max
with d link capability

(4)

Let’s recall that, the following notations are utilized to representing the optimization problems (3)
and (4):
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-

k: the number of wavelengths per each transmission input/output port of the core node,

-

d: the number of FDL buffers in the waiting unit of the core node,

-

Lmax: the maximum packet loss of the incoming traffic,

-

Dmax: the maximum packet blocking delay of the incoming traffic,

-

PLMR: the packet loss mean rate of the incoming traffic,

-

PBMD: the packet blocking mean delay of the incoming traffic.

The analysis of the above system formulation considers that the two metrics PLMR and PBMD
can be presented using the following input parameters: λi, mi, T, k, and d. Therefore, PLMR and
PBMD can be formulated based on the use of two functions F and G, for each traffic of type i, which
are given as follows:
PLMR =F (d, k, λi, T, mi)

(5)

PBMD = G (d, k λi, T, mi)

(6)

For each traffic of type i, we can calculate PLMR and PBMD by using the expressions (1) and (2).
We can also express the aggregate dimensioning and optimization problems for the expressions (3)
and (4). Based on the formulation discussed and analyzed for the corresponding parameters, we can
easily extend this study to formulate the dimensioning and optimization problems for further network
parameters and traffic characteristics including the bandwidth and jitter constraints.
6.4.2. LSP modeling

We consider here a LSP composed of n core nodes. Each traffic type is assumed to require Lmax and
Dmax, during its transfer from the first core node to the last core node, (i.e., the nth core node) of the
established LSP. Each node maintains information including the number of packet arrivals and the
number of packets dropped. Currently, the end-to-end packet delay constraint is formulated as an
integer FDL buffering number, mi, which is used to resolve contention along the built LSP. In the LSP
model, we use the same formulation developed for the previous model analyzed in Chapter 5. In
following, we summarize the useful expressions that can be used during the formulation of the LSP
resources dimensioning and optimization problems.
j −1

λ1i , j = λ1i , 0 ∏ B1i ,l (1 − F 1i ,l )

(7)

γ 1 i , 0 = λ1 i , 0 (1 − B 1 i , 0 )

(8)

l =0

γ

j −1

n
i, j

j −1

= (1− B i, j )γ n−1i, j + ∑γ n−1i,k ∏Bn i,l (1− Fn i,l )
k =0
l =k


n

(9)

Let’s recall that, the following notations are used for the representation of the above mentioned
expressions:
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λ1i : the initial input rate at the first core node, which can be expressed using the following

-

notation λ1i,0,
-

γ1i,0: the output rate of a new arriving traffic type i at the first core node,

-

B1i,0: the blocking probability of a new arriving traffic type i due to the lack of wavelengths
at the first core node,
F1i,0: the blocking probability of a new arriving traffic type i due to the lack of the available

-

FDL in WU at the first core node,
B1i,j: the blocking probability of a traffic of sub-type j due to the lack of wavelengths at the

-

first core node,
F1i,j: the blocking probability a traffic of sub-type j due to the lack of the available FDL at

-

the first core node,
Bni,j: the blocking probability of a traffic of sub-type j due to the lack of wavelengths at the

-

core node n,
Fni,j: the blocking probability a traffic of sub-type j due to the lack of the available FDL at

-

the core node n.
Model analysis

Let PLMRi and PBMDi denote the packet loss mean rate and the packet-blocking mean delay for
traffic of type i, 0≤i≤N-1. We can find the same expressions developed for evaluating an LSP using the
dynamic QoS model. These metrics are given by the following expressions:



mi
mi −1
k −1
n  mi −1 k

PLMR =  ∑ ∑ ∏Bli, j ∏ (1−Fl i , j ) Fli ,k +Bil, 0Fli , 0 + ∏Bli, j ∏ (1−Fl i , j )  
i
j =0
j =0

 l =1 k=1 j =0 j =0

(10)

∑ ∑ jT (1- PLMR l i )
n

PBMD

i

=

mi

l =1 j=1
n −1

∑ (1- PLMR it )

(11)

t =1

Analogous to the description of the formulation of dimensioning and optimization problem made
for the node model, we recall that the built OLS path composed of n OLS core nodes. In the LSP
model, we also consider that each node performs the dynamic QoS model, where the traffic is handled
using the requested QoS requirements. The two functions that we need to minimize simultaneously for
a given traffic type are given by the expressions (4) and (5).
In this case, for each traffic type, we can compute PLMR and PBMD using the expressions (10)
and (11).
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6.4.3. Network modeling

To extract the expressions of dimensioning and optimization problems of an OLS network, we have
found it useful to extend the traffic and the model of dynamic QoS differentiation, where the overall
output rate is expressed as follows:

θ i, j = γ i, j + α i, j

(12)

Let’s recall that, the following notations are introduced for representing the aforementioned
expression:
-

βi,j : the arrival rate of accepted packet traffic of type i from the first node with the initial

input rate at the first core node,
-

αi,j: the rate of accepted packet traffic of type i from another path arrived at core node p,

-

θi,j: the output rate of overall traffic at core node p.

Using the overall output traffic rate (i.e., θi,j), we can establish the appropriated expressions for
formulating the dimensioning and optimization problems of an OLS network based on the use of the
traffic characteristics and parameters. Similar to the formulation made and analyzed for an LSP, we
consider an OLS network composed by multiple LSPs having n core nodes with identical architecture.
The functions that we need to minimize simultaneously for a given traffic type can be represented by
substituting the output traffic rate using expression (12) and the expressions mentioned in equations
(3) and (4). In this case, for each traffic of type i, we can compute PLMR and PBMD using the
expressions (10) and (11). Consequently, we can now formulate the aggregate dimensioning and
optimization problems using expressions (8) and (9), and the expressions we have formulated for
dimensioning and optimization of the node and the LSP models as it is presented in expressions (5),
(6) and (7).

6.5. Simulation and Numerical Results
In this section, we present the simulation model developed for the considered dimensioning and
optimization problems. As discussed above, we mainly consider the dimensioning and optimization of
buffering capacity and network transmission capability which represent the key parameters of the
proposed OLS network architecture. In the sequel, we present the implemented simulation model and
discuss the obtained numerical results.
6.5.1. Simulation model

In this subsection, we describe the simulation experiments environment including the network
configuration, the core node configuration, the traffic model and differentiation, as well as the
performance metrics.
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OLS network configuration: We consider an OLS network, where the physical topology is

composed of P edge nodes and L core nodes organized in a bidirectional ring, as it is shown in Figure
4.1. The ring can be a metropolitan area network serving as the backbone that interconnects a number
of access networks and transports multiple traffic types. We also suppose that each link between two
nodes can support (k+1) wavelengths (k wavelengths for the data traffic transmission and one
wavelength for the adopted signaling scheme to perform the LSP establishment and exchange the
different control labels).
OLS node configuration: Each core node is linked with one or more edge nodes. It switches the

accepted IP packets flowing from an ingress node to an egress edge node using a switching label. We
suppose that each core node is composed of two input ports and two output ports. Each port is
assumed to handle k wavelengths. For the sake of simplicity, we assume that all wavelengths have a
same transmission capacity (assumed to be equal to 40 Gbps). The node is equipped with a WU with d
buffering capacity insuring the buffering tasks in contention cases. The traffic generated by an input
channel at an edge node is composed of IP packets with variable length. The inter-arrival time between
two successive packets received on the same input channel is assumed to be exponentially distributed.
The traffic generated by an input channel is assumed to be uniformly distributed between two or
several output channels according to the wavelengths number available per link. Moreover, we assume
that all generated packets follow the LSP-core nodes before reaching destination node.
Traffic model: A generated traffic can be composed of several traffic types identified by various QoS

requirements in terms of loss and blocking delay. In the simulation experiments, we have considered
four traffic types, denoted by T0, T1, T2 and T3. Traffic type T0 has the lowest traffic loss and
transmission delay tolerance requirements. T3 has the highest loss and blocking delay. We assume
that the input traffic ratios of individual packet traffics are 10%, 20%, 30%, and 40% for traffic types
T0, T1, T2, and T3, respectively. It is also assumed that all packets have a variable length generated
uniformly distributed in the interval [250, 1500] bytes.
Performance metrics: Two output parameters have been considered by the developed simulation

model: the packet loss mean rate and the average packet-blocking delay. The following input
parameters have been considered for the performance evaluation of the proposed approach: the FDL
number (d), the wavelengths number or the transmission capability (k), the packet inter-arrival mean
time (PIMT), and the packet length (PL).
Simulation model accuracy: we have used the same simulation tool that we have mentioned and

validated in Chapter 5 for developing simulation model and presenting the obtained simulation results.
6.5.2. Numerical results

We present hereinafter the numerical results that we have obtained to show how the input parameters
affect the output parameters and provide an experimental resolution of the 2-parameter dimensioning
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and optimization problem. Due to the limitation of the computing resources that we have on hand, we
have found realistic to reduce the complexity of the configuration of our simulation experiments. For
this reason, the following configuration has been considered during the simulation activity: the core
node number (L) is fixed to 4, the edge node number (P) is equal to 4, and FDL length is of 0.3 µs.
All simulations have been performed during a period long enough to reach a system stability and a
reliable conclusion, where each core node handles an important number of packets.
Before presenting the obtained simulation results, we observe that, for all figures, the service
differentiation is guaranteed based on the requested performance parameters.
Traffic loss

Figure 6.2 shows the impact of the FDL number (d) on the packets-loss mean rate. The simulation
investigates various traffic types that differ according to the requested QoS requirements using the
dynamic QoS scheme (DS). We observe that, when the FDL number is less than 3, the packets-loss
mean rate increases slightly due the instability of the system (i.e., the possibility of congestion state).
One the system reaches an equilibrium state, the figure illustrates that, for all traffic types, the increase
of the FDL number decreases the packets-loss mean rate, especially for the lowest traffic types (i.e., T2
and T3). This can be explained as follows: when the FDL number increases, the buffering capability
increases, since the contending packets have a better chance to be successfully delayed in the WU than
being dropped directly (due to the lack of FDL buffers). This behavior decreases the packet loss of
each traffic type, especially of the lowest traffic types. The figure also illustrates PLMR, which defines
the mean loss rate of all traffic types (In our simulation experiments, PLMR is equal to 0.04), and plots
maximum loss requirements, Lmax. As shown, we can clearly determine the minimum FDL number
(dmin is equal to 6) and solve the dimensioning problem.
Figure 6.3 presents the impact of the wavelength number (k) on the packets-loss mean rate, when
the packet inter-arrival mean time is of 0.2 µs. Similarly to the previous figure, we distinguish a
system’s instability when k is less than 4 due to heavy traffic load by the different edge nodes. One the
system becomes in a more stable state, the figure illustrates that, for all traffic types, the increase of
wavelength number decreases the loss rate, especially for the lowest traffic types (i.e., T2 and T3).
This is because the increase of the wavelength number maximizes the use of available resources,
including the wavelength conversion capacity and the traffic distribution, which decreases the
contention and the packet-loss mean rate. The figure also illustrates PLMR, which represents the mean
loss of all traffic types, and plots Lmax. We can easily determine the minimum number of wavelengths
(kmin is equal 7), and solve the planning and dimensioning problem.
Figure 6.4 shows the impact of the packet inter-arrival mean time on the packets-loss mean rate,
when the wavelength number is equal to 4. In addition to the buffering capacity and the link capability,
one can notice that other input parameters can affect the packets-loss mean rate. In this context, we
investigate the effect of the packet inter-arrival mean time on the packet loss mean rate. We observe
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that, for all traffic types, the packets-loss mean rate decreases with the increase of the packet interarrival mean time. This is because the increase of the packet inter-arrival mean time induces the
increase of the time separating two successive packets on each input channel, which decreases the
contention cases and so the packets-loss mean rate.

Figure 6.2: Packets-loss mean rate versus FDL number.

Figure 6.3: Packets-loss mean rate versus wavelength number.
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Figure 6.4: Packets-loss mean rate versus packet inter-arrival mean time.

Figure 6. 5: Packets-loss mean rate versus packet length.

Figure 6.5 shows the impact of the packet length on the packets-loss mean rate, when the packet
inter-arrival mean time is fixed to 0.2 µs. We investigate here another input parameter to show its
impact on the considered output parameters. We observe that, for all traffic types, the increase of the
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packet length increases the packets-loss mean rate. This corresponds to the increase of traffic loaded
and contention occurrences. The increase of the packets-loss mean rate is due to the use of a fixed
buffering capacity and transmission capability.
Blocking delay

Figure 6.6 depicts the impact of the FDL number on the packet-blocking mean delay. We observe that,
for all traffic types, the packet-blocking mean delay increases with the increase of the FDL number,
especially for the lowest traffic types (i.e., T2 and T3). This can be explained by the fact that the
increase of the input parameter enhances the buffering capacity and the chance of successful buffering
for each contended packet. In this case, when contention occurs, the contending packet has more
chance to be buffered than to be dropped. This behavior increases the considered output parameter,
especially for lowest traffic types. We can also illustrate PMBD, which represents the mean blocking
delay of all traffic types and Dmax, in terms of the blocking delay. As shown, we can clearly determine
the minimum FDL number (dmin is equal 6) which can resolve the planning and dimensioning
problems according to QoS requirements.
Figure 6.7 plots the packet-blocking mean delay versus the impact of the number of wavelengths
when the number of FDL buffers in WU is of 4 and packet inter-arrival mean rate is equal to 0.2 µs.
We observe that, for all traffic types, the packet-blocking mean delay decreases with the increase of
the wavelength number. This is because the increase of the wavelength number increases the switching
capability and creates a flexible traffic distribution, which decreases the contention and so the blocking
delay. The figure illustrates PMBD and plots the requested blocking delay, Dmax. As shown, we can
clearly determine the minimum of wavelengths number (kmin is equal 7) and solve the dimensioning
problem formulation according to the traffic requirements.
Based on the simulation experiments developed for evaluating the impact of the FDL number and
the wavelength number (see Figures 6.4, 6.5, 6.7 and 6.8), we are able to solve the dimensioning and
optimization problems by providing kmin wavelength and dmin FDL separately. To solve the global
dimensioning and optimization problems by determining kmin and dmin jointly, we can process as
follows: We start by determining kmin for a given fixed buffering capacity and repeat the simulation
experiments using the determined value of d until reaching a minimum value of buffering capability
(dmin); consequently, we can obtain the minimum values of (kmin, dmin) suitable for the requested QoS
requirements.
Figure 6.8 presents the impact of the packet inter-arrival mean time on the packet-blocking mean
delay, when the FDL number is fixed to 4 and the wavelengths number is equal to 4. We observe that,
for all traffic types, the packet-blocking mean delay decreases with the increase of the packet interarrival mean time. This happens because the increase of this input parameter increases the time
separating two successive packets, which decreases the contention probability and so the blocking
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delay, especially for highest traffic types (i.e., T0 and T1) due to the predefined input traffic ratio
constraint (i.e., the defined ratio of each traffic type in the simulation configuration).

Figure 6. 6: Average packet-blocking delay versus FDL number.

Figure 6. 7: Average packet-blocking delay versus wavelength number.
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Figure 6. 8: Average packet-blocking delay versus packet inter-arrival mean time.

Figure 6.9: Average packet-blocking delay versus packet length.

Figure 6.9 plots the packet-blocking mean delay versus the packet length, when the FDL number
is of 4 and the wavelengths number is equal to 4. We notice that, for all traffic types, the increase of
the packet length increases the packet-blocking mean delay. This can be explained by the fact that the
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increase of the packet length increases the contention cases, which increase the blocking delay due to
the lack of the buffering capability.
To our knowledge, a few works have addressed the problem of resource dimensioning. However,
these works have only addressed wavelength routing networks. For this reason, our simulation did not
include any comparison with the previous work. Nevertheless, we have performed a comparative
study between static and dynamic QoS models presented in [29, 76] and described in detail in Chapter
5. This study has been used to build our dimensioning and optimization approach using the dynamic
model and can provide a dimensioning scheme based on the static model. Convinced that this scheme
will have worst performance, we made the choice to not include it in our simulation work.

6.6. Conclusion
The dimensioning and optimization issues constitute an important task in the optical switched network
design and operation, especially when the transported traffic requires QoS handling. In this Chapter,
we have addressed that issue for OLS network resource. We have proposed an approach using a
dynamic QoS engineering for traffic differentiation and resource provisioning. In this scheme, network
resources (i.e., buffering and transmission capabilities) are allocated dynamically based on a set of
QoS performance parameters including the packet loss and packet blocking delay.
Moreover, we have developed an analytic model for formulating the dimensioning and
optimization problems. This model has been detailed for an OLS core node and discussed for the
dimensioning and optimization of LSP resources and network resources. The formulation of
optimization expressions is developed by means of the conservation law and queuing network model.
Simulation experiments have been conducted to validate the dimensioning and optimization approach
and provide an experimental resolution for the design and optimization parameters including buffering
and link capabilities. Finally, we believe that the proposed formulation of the network resources
dimensioning and optimization can be extended to provide aggregate levels of QoS provision, where
other QoS parameters will be considered including the jitter and the bandwidth management, etc.
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Chapter 7

Admission Control Scheme for Resource
Management in OLS networks
7.1. Introduction
Admission control is a critical task in OLS networks, since resource management and data
transmission are fundamental criteria in OLS networking platform and operation. An admission
control needs to have the flexibility to control various traffic characteristics. In addition to this
behavior, it must have complete information about the current network resources state: allocated
resources, offered resources and available resources. In an OLS network, admission control can be
implemented at edge nodes because they have the capability to electronically identify the traffic and
process it based on its requirements. For this, admission control protocol can be made based on two
functions: signaling tasks and traffic management. Signaling tasks exchange the needed information
for providing the state of network resources including buffering and transmission capacities. The
management tasks of the incoming traffic parameters enable the control and provision of traffic
requirements.
To our knowledge, there is no previous work that has considered the admission control in OLS
networks, especially when providing traffic’s QoS requirements according to the FDL buffering and
transmission link capabilities is a constraint. In most of the existing works related to admission
control, the authors have attempted to provide network resource management and admission control
using just-enough-time signaling scheme and burst scheduling in OBS networks [40, 74, 75]. Other
works [59, 60, 71, 73] have addressed admission control in wavelength routed networks, where QoS
provision is provided based on prioritized differentiation. However, most of these methods do not take
into account the traffic requirements, nor the resource allocation.
In this Chapter, we propose a call admission control scheme, called OLS-CAC protocol, based on
the estimation of optical resource availability, lightpath establishment, ad-hoc resource allocation, and
a set of traffic requirements such as the packet blocking delay and packet loss rate. We first extend the
traditional OLS signaling protocol to take care of two aspects: the resource management and the real
time QoS differentiation. The proposed protocol considers the management of network resource in
terms of buffering ability and transmission link capacity. We develop an analytic model for the
proposed admission control scheme based on the conservation law and the queuing network model
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presented in the previous Chapter. Simulation work has been developed in which we provide
numerical results that validate the efficiency of the proposed approach.
The remaining part of this Chapter is organized as follows. In Section 7.2, we discuss admission
control aspect and network resources utilization. We also justify the need for a sophisticated admission
control protocol that can enable traffic requirements management. In Section 7.3, we present and
analyze the proposed call admission control scheme and its algorithm. We also demonstrate how the
nodes can contribute to control the decision-making about an admission control request of an
incoming traffic. Section 7.4 presents the developed analytic model for admission control protocol
using a conservation law and a queuing network model. A performance evaluation of the proposed
protocol is discussed through a simulation work in Section 7.5. In Section 7.6, we conclude the
Chapter.

7.2. The Admission Control Scheme
In this section, we discuss the resource management problem in OLS networks. We also justify the
need for conducting an investigation of a suitable admission control protocol that can enable traffic
requirements handling according to the available network resources. In addition, we propose a novel
approach that can solve the admission control problem based on traffic requirements and on the
estimation of the available network resources.
7.2.1. Resources management an need for admission control

An admission control must have complete information about the network resource state, and traffic
parameters to determine the decision process for accepting or rejecting an admission request. To know
the network resources state, the signaling protocol can exchange the control information between
edges and internal nodes for identifying the available resources and the offered resource based on QoS
requirements. In OLS networks, the signaling scheme mainly aims at providing a dynamic resources
allocation and enhanced network resource utilization to support various traffic requirements. It
performs two way out-of-band tasks, which ensure the establishment of an appropriate LSP used during
the traffic transfer and contention resolution. This scheme cannot provide an efficient dimensioning
policy of resource allocation, optimal resources utilization, and an adequate signaling cost. To alleviate
the identified limitations, we have considered the improvement of the resource allocation, and the
enhancement of the signaling tasks and contention resolution scheme. These above requirements lead to
an urgent need for a suitable call admission control protocol that provides an optimized signaling cost,
an efficient network resource allocation, and a better traffic management.
To implement such an admission control protocol, we need to consider the traffic characteristics
such as the initial traffic arrival rate at the edge node of the created LSP and the output rates at each
LSP-core node. We also consider the estimation of the arrival probability of traffic of type i with j delay
due to the use of FDL buffers at the LSP-core nodes to resolve contention. In addition to these
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parameters, we explore the estimation of the probability of the resource availability in terms of
wavelength availability and buffering capability. The decision-making of a given traffic is made based
on the comparison between the estimated QoS performance parameter values and the requested QoS
requirements in terms of loss and blocking delay of the related traffic along the transmission LSP.
7.2.2. Admission control resolution approach

As described in previous subsection, an admission control protocol can provide a suitable decision
about the acceptation and rejection of an incoming traffic. In our proposal, the decision admission is
performed at each core node occurring to LSP during the signaling phase. For this reason, each core
node needs to maintain traffic characteristics, such as the arrival rate and the output rates. Based on the
collected information, the core node can estimate the arrival probability of traffic of type i with delay j
at the nth core node, Pani,j . This is given by the following expression:

γ i,j

n −1

Pa =
n
i,j

(1)

λi

Where n represents the node number of the pre-established LSP, λi denotes initial arrival rate of traffic
of type i at the ingress node and γn-1i,j denotes the output rates of traffic of type i with delay j at the last
core node.
The proposed approach is distributed and is simple to implement with a low control using the
estimation of resource capacity at each core node including the wavelength number of and the FDL
buffering number. In this case, the nth core node can estimate the availability of these resources. Let
Ri,j, PWani,j and PFani,j denote the global resource availability in the pre-established LSP, the resource
availabilities in terms of wavelengths in output port and FDL buffers in WU, respectively . The
buffering capability (i.e., FDL number) is closely related to the transmission capability (i.e.,
wavelength number) and both define the available resources at node and LSP levels. Therefore, the
available LSP resources can be given by the following expression:

Ri , j = (PWai , j , PFai , j )

(2)

Then, the resource availabilities in terms of transmission link capability and FDL buffers ability at
the node n can be presented based on the probabilities of the considered resource. It can be presented
as follows:

PWai,j = (1 − Bi,j )
n

n

PFai,j = (1 − F i,j )
n

n

(3)
(4)

The above expressions can be stated as follows: Let’s recall that Bni,j and Fni,j, denote the blocking
probability due to the lack of wavelengths and FDL buffers in the nth node for the traffic of sub-type
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PTi,j as described and proved in [26] and Chapter 6 (see Section 6.4). For more details on the modeling
approach, the interested readers can also refer to [24] and Chapter 5 (see Section 5.4).
By computing Bni,j, and (1- Bni,j), we obtain the expression of PWani,j as it is presented in (3).
Similarly to description of PWani,j, we can compute PFani,j by using the expressions of Fni,j and (1Fni,j) and we obtain the expression of PFani,j as it is presented in (4).
The proposed scheme also incorporates the estimation of two QoS parameters: the estimated
packet loss mean rate, EPLMRni and the estimated packet blocking mean delay, EPBMDni of the traffic
of type i at the last core node. These estimated QoS parameters are given by the following equations:

EPLMR

n

i



=  1 −


m

∑
EPMBD n i =

j =1

j =1
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The above expressions can be stated as follows. Let us recall that γni,j and λi, denote the output rate
of the traffic of sub-type PTi,j at the nth node and initial arrival rate of traffic of type i. By computing
the sum of γni,j, and dividing it by arrival rate, we can found the accepted packet rate. Using the
computed rate, we can deduce EPLMRi as it is presented in (5).
Similar to the description of EPLMRi, we can establish the expression of EPBMDi by using the
expressions of γni,j and obtain EPBMDi as it is presented in (6).
Different resolution approaches can be used to solve the admission control problem in OLS
networks. We have selected the approach that can provide, for each accepted traffic, the required QoS.
For this, we assume that each node performs dynamic QoS differentiation as it is described in Chapter
5. Once the QoS parameters are estimated as it is shown in expressions 5 and 6, each core node
belonging to the pre-established lightpath can contribute to the admission control decision of the
traffic. Based on the confirmation of each core node, the incoming traffic can be accepted or rejected.
This decision can be made based on the comparison between the estimated QoS parameters at the last
core node of the pre-established lightpath (i.e., core node n) bounded by the QoS requirements of the
considered traffic. This decision can be formulated by the following expression:
Accept

(PT i ) if

, and only if , For all i in {0,.., N - 1}

(7)

 EPLMR in ≤ L Max
i

 PBMD in ≤ D iMax

Where, LiMax and LiMax denote the maximum packet loss and maximum blocking delay of traffic of type
i, respectively.
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7.3. Admission Signaling Protocol
In this section, we present the signaling protocol that we have proposed to enable admission control
tasks in OLS networks. The implementation of such protocol has required the developpment of a new
signaling protocl and the introduction of additional functions beyond the simple signaling tasks.
The proposed protocol adopts out-of-band two-way signaling tasks for lightpath establishment that
are used to guarantee the traffic transfer based on QoS requirements. One wavelength per link is
dedicated for enabling the proposed protocol, which has required the enhancement of the existing label
request and label mapping frameworks as shown in Figure 7.1. The use of these labels varies according
to the node type: edge or core node.

Traffic Arrived

Ingress
Edge node

Core
Node 1

Core
Node N

Core
Node P

Admission Rejected
Admission
Rejected

Reject

Accept

Egress
Edge node

Setup &
Confirm Phase

Setup Phase
Time

Admission Accepted
Confirm Phase

Admission
Accepted
Traffic Accepted

Transmission Phase

Switching

Implicit
release Phase
Traffic Received

Figure 7.1: Admission signaling protocol.

At the edge node

The ingress node is responsible for the detection of incoming traffic and the identification of its
parameters and QoS requirements to build the label request. The proposed label request framework
extends the label adopted by the traditional OLS signaling. It contains the requested QoS requirements
in terms of loss and blocking delay. This delay is incurred due to the use of buffering process and the
contention resolution. When receiving a label request, the egress node proceeds to the creation of the
related label mapping which contains the switching path information and the confirmation of the
admission request. The egress node sends back a label mapping to the ingress edge node to inform it
about the request response about acceptation or rejection as it is depicted in Figure 7.1.
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At a core node

The core node performs the processing functions depending on the received label types: new label
request, control label, and new label mapping. When receiving a new label request, the core node
identifies the resource needed for the lightpath establishment. If the resource exits, it updates the label
request and sends it to the downstream node. If the received label is a control label which contains an
accepted or rejected request, then it sends back to the upstream node. If the node receives a label
mapping which certainly contains an accepted admission request and the LSP building information,
then it updates the switching table and sends back to the upstream nodes until it arrives to the ingress
edge node.

7.4. Admission Control Protocol
The admission control, OLC-CAC, protocol must quickly and efficiently find an available lightpath for
the incoming traffic in a manner that satisfies the requested QoS requirements. The protocol is based on
the exchange, during LSP establishment, of the needed information which used for estimation of the
required resource. Based on the computed parameters, the node compares the estimated performance
parameters with the requested QoS requirements in order to reach a suitable decision on the traffic
admission control. The incoming traffic is accepted when the estimated resources can satisfy the
requested QoS requirements in terms of packet loss and packet blocking delay.
Before presenting the proposed admission control protocol, let us consider the following notations:
-

n: the node number of the related LSP,

-

Limax: the maximum packet loss delay of traffic of type i,

-

Dimax: the maximum packet blocking delay of traffic of type i,

-

λni,j : the packet arrival rate of traffic of type i with delay j at node n,

-

γni,j : the output rates of traffic i with delay j at node n,

-

δni,j : the traffic intensity of traffic i with delay j at node n,

-

Bni,j: the blocking probability due to the lack of wavelengths at node n,

-

Fni,j: the blocking probability due to the lack of FDLs at node n,

-

EPBMDni: the estimated packet’s blocking mean delay of traffic of type i at node n,

-

EPLMRni: the estimated packet loss mean rate of traffic of type i at node n.

Considering the above notations, we are able to develop the proposed admission control protocol
which can be presented as follows:
• At ingress edge OLS node

1-If received an incoming traffic
- Identify traffic parameter (λi)
- Identify traffic requirements (Limax)
- Identify traffic requirements (Dimax)
- Generate Label_request
- Select a path belongs to pre-established light path
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- Send Label_request to downstream node belongs to the related lightpath

2-If received a label mapping from the downstream node
- Receive Label_mapping
- Accept admission request
- Confirm reserved resources
- Accept the considered incoming traffic
• At Intermediate OLS core node (from the 2nd node to the last core node)

1-If the received label is a label request
Receive Label_request
- Read Limax.
- Read Dimax.
- Compute γni,j
- Compute λni,j.
- Compute δni,j.
- Compute Bni,j.
- Compute Fni,j.
- Compute EPBMDni.
- Compute EPLMRni.
If (EPLMRni ≤ Limax) and (EPBMDni ≤ Dimax)
{
Then
{
Update Label request (Label_ request: = γni,j)
Update Label control (Label_ control: = Request accepted)
Delay reserved resources
Select the next core node of a pre-established lightpath
Send Label_request to the next core node
}
Else
{
Update Label control (Label_ control: = Request rejected)
Delete Label_ request
Send Label_control to the previous node
}
}
2- If the received label is a control label
Receive Label_control
If [Label_control] = request rejected
Then
{
Release reserved resources
Send Label_ control to the previous node
}
3- If the received label is a label mapping
Receive Label_mapping
Confirm reserved resources
Send Label_mapping to the upstream node
• At Egress edge OLS node
Receive Label_control
Generate Label_mapping
Send Label_mapping to upstream node of the established LSP
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Figure 7.2: New labels structures

The admission control protocol performs its tasks depending on the incoming label types. Three
label types, as it is depicted in Figure 7.2, can be noticed: the label request, label mapping, and control
label. The label request structure contains the requested QoS requirements, the switching information
and the computed output rates of traffic of type i with delay j. Let’s recall that this delay is due to the
use of FDL buffers in each waiting unit of the LSP-core nodes. The label is updated dynamically at
each node with the corresponding output rates which are used to achieve the admission decision based
on the estimated loss and blocking delay. The control label structure contains the status of the requested
admission decision. The label mapping contains the information related to the LSP building and the
admission control request confirmation. Therefore, in our approach, the different labels are handled
dynamically depending on the traffic parameters in terms of output rates of traffic of type i and its
generated subtypes as it is described in Chapter 5 and the resource availability, in contrast to the static
nature of the traditional labels.

7.5. Simulation and Numerical Results
As discussed above, the proposed signaling protocol and admission control protocol attempt to
allocate the required resource for providing data traffic transfer based on its requested QoS. The
allocated resource (i.e., wavelengths and FDL buffers) can be released when the admission request is
rejected by a core node belongs to the pre-established LSP. The allocated resource for a current
admission request cannot be reallocated to another admission traffic request during the establishment
of LSP. For this reason, we mainly consider the estimation of network resource which vindicates the
efficiency of the resource utilization and proposed scheme. During the estimation process, we consider

143

Chapter 7
for each traffic two QoS performance parameters: packet loss and packet blocking delay. To provide a
complete study of the proposed protocols, we have found it useful to develop the simulation model to
evaluate the efficiency of resource allocation and utilization. In the following subsections, we present
the implemented simulation model and discuss the obtained numerical results.
7.5.1. Simulation model

In this subsection, we describe the environment of the simulation experiments, such as network
configuration, core node configuration, traffic model and differentiation, as well as performance
metrics.
OLS network configuration: We consider an OLS network in which the physical topology is

composed of p edge nodes (i.e., E1…Ep) and n core nodes (i.e., C1…Cn) organized in a bidirectional
ring, as shown in Chapter 4 (see Figure 4.1). The ring can be a metropolitan area network serving as
the backbone that interconnects a number of access networks, and transporting multiple types of traffic
from users, such as IP traffic. The configuration of the simulated network supposes that each link
between two nodes can support (k+1) wavelengths. Of these wavelengths, k wavelengths are used to
provide data traffic transmission and one wavelength is used to support the proposed admission
control protocol which is used during the lightpath establishment and admission traffic request. The
proposed signaling protocol insures the exchange of different labels for providing the admission
request confirmation.
OLS node configuration: Each core node is attached to one or more edge nodes. The configuration of

the simulated network supposes that each core node is composed of two input ports and two output
ports. Each port is assumed to handle of k wavelengths. For the sake of simplicity, we assume that all
wavelengths have the same transmission capacity (as equal to 40 Gbps). The node is equipped with a
WU with d buffering capabilities, insuring the storage capacity in cases of contention.

In the

simulation activity, the incoming traffic can be generated by an input channel at an edge node is
composed of IP packets with variable length. The inter-arrival time between two successive packets
received on the same input channel is assumed to be exponentially distributed. The traffic generated
by an input channel is assumed to be uniformly distributed between two or more output channels
depending on number of wavelengths available per link.
Traffic model: We have found it interesting to consider multiple traffic types of the arriving packets.

Different traffic types allow in fact the definition of various node behaviors during the admission
traffic request. For this, a generated traffic can be composed of several traffic types which are
identified by set of QoS requirements. Moreover, we assume that arriving packets of traffic of type i
that are addressed to a specific output port of a node follow a Poisson process. The inter-arrival time
between two successive packets received on the same input channel is assumed to be exponentially
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distributed. All simulations have been performed for a period of time long enough in order to reach a
reliable conclusion for which each core node has handled a large number of packets.
Traffic types: due to the limitation of the computing resources that we have on hand, we have

selected to consider only four traffic types, denoted by T0, T1, T2 and T3. Each traffic type is
characterized by set of QoS requirements. In our simulation, traffic type T0 has the lowest packet loss
and transmission delay tolerance. T3 has the highest packet loss and packet blocking delay. We
assume that the input traffic ratios of individual packet traffics are 10%, 20%, 30%, and 40% for
traffic types T0, T1, T2, and T3, respectively. It is also assumed that all packets have a variable length
generated uniformly distributed in the interval [250, 1500] bytes.
Output parameters: To evaluate the impact of the proposed admission control protocol on network

resource utilization through the respect of requested traffic requirements, we have found useful to
consider two metrics: CAC failure rate and transmission delay. CAC failure rate represents the
rejected admission request for each traffic type. An admission request is considered failed if the
request is rejected by a core node belongs to pre-established path. The transmission delay of an
accepted traffic can provide the efficiency of the offered resource utilization side.
Input parameters: we have also considered a set of input parameters for the impact of the

performance evaluation of the aforementioned output parameters: wavelength number (k) per
transmission link, FDL number (d) in each waiting unit of a core node of the pre-selected LSP, packet
inter-arrival mean time (PIMR) of each generated traffic type and core node number (CNnbr) of the
pre-established LSP.
7.5.2. Numerical results

In the following subsection, we present the obtained numerical results which show how the input
parameters affect the considered output parameters in order to illustrate the efficiency of the proposed
admission control scheme. Let’s note that, due to the limits of the available computing resources, we
have selected to reduce the complexity of the simulation model by considering the following
configuration parameters of our simulation environment: edge node number equal to 4 (i.e., p=4), core
node number per pre-established LSP is equal to 4 (i.e., n=4), the required loss of the considered
traffic type is fixed to (T0LMax =0.1, T1LMax =0.2, T2LMax =0.3, T3LMax =0.4), the needed blocking delay
for each traffic type is defined as follows: (T0DMax =0.6µs, T1DMax =1.2µs, T2DMax =1.8µs and T3DMax
=2.4µs). In addition, we have considered FDL length is equal to maximum packet length in terms of
transmission time which is equal to 0.3µs.
CAC failure rate

Figure 7.3 plots the CAC failure rate versus the wavelength number per transmission link. The
simulation investigates various traffic types that differ according to the requested QoS requirements in
terms of loss and delay, and using dynamic QoS scheme, when the number of FDL buffers is equal to

145

Chapter 7
4, the inter-arrival mean time is fixed to 0.2µs, and the number of core nodes occurring to the preestablished LSP is equal to 4. We observe that, for all traffic types, the output parameter decreases
with the increase of the wavelength capacity. This is because the increase of this input parameter
maximizes the available resources, the wavelength conversion ability and traffic distribution, which
enhance the available resource for allocation, and so increases the accepted admission requests. We
can also notice that, the increase of link capacity (i.e., wavelength number) minimizes the contention
probability and enhances the use of the wavelength conversion. This behavior provides for each traffic
type the requested requirements in terms of loss and delay, and so increases the accepted admission
request. It can be seen that the CAC failure decreases rapidly for the highest traffic types (i.e., T0 and
T1) than the lowest traffic types (i.e., T2 and T3) due to the impact of a pre-defined individual input
traffic ratio of each traffic type.

Figure 7.3: CAC failure rate versus wavelength number.

Figure 7.4 presents the impact of the buffering capacity of the waiting unity of each core node
configuration on the CAC failure rate, when the number of wavelengths is equal to 5, the inter-arrival
mean time is fixed to 0.2µs, and the number of core nodes belonging to the pre-established LSP is
equal to 4. We observe that, for all traffic types, the CAC failure rate decreases with the increase of the
buffering capability until becoming stationary. This can be explained as follows. The increases of FDL
number can give more chances to the contended packets to be buffered and further to be transmitted
than to be discarded in order to resolve the contention cases. This behavior decrease packet loss but it
has a negative impact on the blocking delay and so the accepted admission request. The Figure allows
determining an optimal (minimal) number of FDL buffers in waiting unit of each core node from
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which the CAC failure rate becomes stationary. Similar to Figure 7.3, this figure illustrates a quick
decrease of the CAC failure for the sensitive traffic than the lower traffic type due to the impact of the
pre-defined input traffic ratios of the simulation experiments.

Figure 7.4: CAC failure rate versus FDL number.

Figure 7.5: CAC failure rate versus packet inter-arrival mean time.
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Figure 7.5 depicts the CAC failure rate versus the impact of packet inter-arrival mean time, when
the number of wavelengths is equal to 5, the number of FDL buffers is fixed to 4, and the number of
core nodes occurring in the pre-established LSP is equal 4. The Figure shows that, for all traffic type,
the CAC failure rate increases with the increase of the input parameter. This can be explained as
follows. the increase of packet inter-arrival mean time increases the time separating two successive
packets on each input channel which decreases the contention risk and so the CAC failure rate.
Similarly to the Figure 7.4, this figure illustrates the fast decrease of the CAC failure for the sensitive
traffic compared to the lower traffic type (i.e., the individual ratio of sensitive traffic is less than the
ratio of the lower traffic type) due to the impact of the enabled individual input traffic ratios of the
simulation experiments.

Figure 7.6: CAC failure rate versus core node number.

Figure 7.6 shows the impact of the core node number in assigned lightpath on the CAC failure
rate, when the number of wavelength is fixed to 5, the number of FDL buffers is equal to 4, and the
inter-arrival mean rate is equal to 0.2µs. we observe that, for all traffic type, the output parameter
increases with the increase of the input parameter. This is because the increase of the core node
number per pre-established LSP-core nodes increases the contention probability, the packet loss, and
the packet blocking delay packets. In this case, the system cannot provide the requested environment
which can guarantee the traffic requirements. This behavior increases the CAC failure rate; especially
for the lowest traffic types.
Transmission delay

Figure 7.7 shows the impact of the number of wavelengths on the transmission delay, when the FDL
number is equal to 4, the inter-arrival mean time is fixed to 0.2µs, and the number of core nodes
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belongs to pre-established LSP is equal to 4. We observe that, the output parameter increases because
the system behavior is still unstable due to congestion problem, when the wavelengths number per link
is between 2 and 4. This is because the traffic generation is uniformly distributed between five
wavelengths which are greater than the interval (i.e., [2, 4]). When the wavelength range is between 5
and 12, the figure shows that the output parameter decreases with the increase of wavelength number.
This can be explained by the fact that the increase of input parameter maximizes the available
resources, the wavelength conversion capability and the traffic distribution which increase available
resource and decrease the transmission delay of each traffic type.
Figure 7.8 presents the impact of the number of FDL on the transmission delay using the
considered OLS network configuration, when the wavelength number of is equal to 5, the inter-arrival
mean time is fixed to 0.2µs, and the number of core nodes belongs to pre-established LSP is of 4. We
can observe that the transmission delay increases with the increase of FDL capacity, especially for the
highest traffic types (i.e., T0 and T1). This can be explained by the fact that when the input parameter
increases, the node gives a better chance for the contended packets to be successfully buffered than
being dropped. This behavior decreases the traffic loss, but increases the blocking delay and so
transmission delay, especially for the lowest traffic types (i.e., T2 and T3).

Figure 7.7: Transmission delay versus wavelength number.

Figure 7.9 plots the transmission delay versus the variation of the packet inter-arrival mean time
for the aforementioned OLS network configuration, when the number of wavelengths is equal to 5, the
number of FDL buffers is fixed to 4, and the number of core nodes belongs to pre-established LSP is
of 4. We can observe that, for all traffic types, the transmission delay increases with the increase of the
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input parameter. This is because the increase of the inter-arrival mean time increases the time
separating two successive packets on each input channel which decreases the risk of contention and
the packet loss, but increases the transmission delay of each traffic type.

Figure 7.8: Transmission delay versus FDL number.

Figure 7.9: Transmission delay versus packet inter-arrival mean time.
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Figure 7.10 shows the effect of the core node number on the transmission delay using the above
node configuration, when the number of wavelengths is equal to 5, the number of FDL buffers is fixed
to 4, the inter-arrival mean time is equal to 0.2µs. we notice that, for all traffic types, the increase of
the core node number increases the transmission delay. This can be explained as follows. the increase
of the number of hop in the pre-established LSP increases the contention probability which has a
negative impact on traffic requirements and increases linearly the transmission delay due to the use of
same core node architecture.

Figure 7.10: Transmission delay versus core node number.

7.6. Conclusion
One of the main aspects in the design of optical label switched networks is the development of an
appropriate admission control scheme to achieve better resource allocation and utilization, and
providing QoS support. In this Chapter, we have proposed an admission signaling protocol that is
scalable and suitable for addressing various QoS parameters and performing an ad-hoc network
resource allocation. The protocol is well detailed for the node admission control and along the
transmission lightpath. A new admission control protocol has been presented in which the decision of
the traffic admission is made based on the formulation of estimation of available resource in terms of
wavelength and FDL buffers as well as the incoming traffic requirements.
We have developed an appropriate formulation suitable for the admission traffic request
management by means of a conservation law and a queuing network model. A simulation experiments
has been performed to evaluate the efficiency of the offered resource utilization and validate the
proposed scheme. The simulation results show that the proposed scheme can effectively enhance the
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network resource utilization. We show through the simulation work that the proposed model is a
flexible solution suitable for handling the varying traffic demands. Finally, the proposed approach
oriented network resources utilization and QoS provision can be extended to provide advanced level of
QoS support which will introduce other QoS parameters such as jitter and bandwidth management,
etc.
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Chapter 8

Congestion Avoidance Scheme for Resource
Management in OLS Networks
8.1. Introduction
To meet the tremendous growth of Internet traffic, traditional OLS technology is enhanced by the
introduction of additional signaling and switching functions. These enhancements are introduced to
allow the OLS infrastructure to efficiently use the network resources and provide extremely fast data
transmission as well as a support for applications with various QoS requirements. A major concern in
OLS network is the congestion avoidance activity. A congestion state can occur when an
underestimation of requested resources or due to the over utilization of the allocated resource when the
data traffic contention is larger than the estimated resource. In this case, the offered resource cannot
guarantee a suitable environment that provides the traffic transfer through the established LSP. To our
knowledge, little work has considered providing congestion avoidance in optical switched networks to
support QoS-oriented traffic parameters such as burst loss [74, 75]. In other works [51, 80, 81],
congestion avoidance mechanisms are made available to avoid contention cases by implementing
TCP-like to regulate burst transmission by rerouting some of the traffic from heavily load lightpaths to
underutilized pre-established lightpaths in the considered OBS networks.
In this Chapter, we extend a previous work [27] related to admission control to provide an
efficient use of the offered resource, allow the network to operate in safety area, and guarantee traffic
requirements. The proposed Admission Control (OLS-CAC) protocol, presented in [27] was
previously proposed in Chapter 7 for providing the requested traffic requirements through the use of
the available resource including wavelength and buffering capabilities along a transmission LSP. The
data traffic is accepted based on the estimated QoS requirements and the resource availability. This
protocol performs a two-way signaling phase using a label request and a label mapping. We first
enhance signaling tasks by introducing new labels (feedback and forward labels) frameworks to adjust
the LSP traffic load, at the ingress edge node, and adapt the adopted contention resolution, at LSP-core
nodes. We use our core node architecture and dynamic contention resolution to build the congestion
avoidance scheme.
The novel congestion avoidance scheme that we propose called CAC-CC protocol. It is based on
the availability of wavelength and buffering capabilities, ad-hoc resource utilization, and a set of QoS
requirements. We first extend the developed contention resolution scheme to take care of three issues:
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the admission control parameters, the network resource management, and the dynamic QoS
differentiation. We also enhance the adopted signaling protocol which considers the management of
the dynamic buffering capability at each core node of the established LSPs. We also provide a
numerical simulation for evaluating the efficiency of our proposal.
The remaining part of this Chapter is organized as follows. Section 8.2 briefly studies the basic
concepts of OLS switching and signaling schemes. It also discusses the need for congestion avoidance
scheme that can improve the network resource management. Section 8.3 discusses congestion
avoidance implementation. It also presents in detail the proposed congestion avoidance protocol. In
Section 8.4 develops congestion avoidance signaling protocol. In Section 8.4, the performance
evaluation of the proposed scheme is discussed through simulation experiments, followed by a
performance comparison with the admission control protocol proposed in a previous Chapter. Section
8.5 concludes the Chapter.

8.2. OLS Networks Schemes
The objective of this section is to discuss admission control and the resource management in OLS
networks. In addition, it justifies the need for a congestion avoidance protocol that makes possible the
resources management.
8.2.1. Admission control and resource allocation

OLS network resource management considers two main aspects: the resource allocation and resource
utilization, where multiple traffic types are handled in the different ways based on QoS requirements.
These two tasks require not only an optimized logical topology, but also a careful investigation of
suitable signaling and switching schemes that enable several additional functions. The current OLS
technology cannot provide a complete and efficient resource allocation policy using the existing
signaling tasks. Consequently, an OLS networking platform requires that each node can enable two
suitable planes: control plane and data plane.
OLS networks can implement two significant aspects related to the allocation and utilization of
network resource: the dynamic resource allocation and the efficient resource utilization. The
introduced extension in the adopted signaling scheme cannot completely resolve the existing resource
management. For this, the OLS technology suffers from an over-dimensioning of resource allocation,
an under utilization of the offered resources and higher signaling cost. To overcome these drawbacks,
several considerations can be integrated to improve resource allocation and enhance the useful
signaling tasks as well as contention resolution. The required enhancements are integrated during the
design of a suitable admission control scheme that can optimize signaling cost, allocate properly the
required resource, and provide a better traffic management.
The admission control protocol that we have proposed in previous chapter has covered all of these
aforementioned functionalities. In addition to the enhancement integrated in the adopted signaling
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scheme, the implemented admission control scheme allows traffic characteristics management
including the initial arrival rate and the different output rates on the pre-established LSP. This scheme
has also considered the estimation of the two resource capabilities: wavelength and buffering
capacities. The decision process of accepting or rejecting of a given traffic is made based on the
comparison between the estimated and the requested traffic requirements along the transmission LSP.
8.2.2. Need for congestion control

Reaching a decision of traffic acceptation, the adopted admission control protocol compares the
estimated resource and required resource according to the traffic requirements. This scheme does not
take into consideration the effect of time concept. This can introduce a variation of admission
parameters compared to the traffic transfer status. This variation can result into an under-estimation or
over-estimation of the needed resource that can ensure traffic transmission. In the case of the overestimation, this state can involve a lot of cases of inefficient use of physical resource capacity, whereas
the under-estimation condition can induce a congestion state. We recall that, for all incoming traffic,
the admission signaling protocol is applied to allocate the needed resource on a given LSP. The
allocation of the available resource can be estimated depending on both parameters: traffic
characteristics and resource capacity in terms of transmission and buffering capabilities.
In addition to time variation, another consideration can affect the resource utilization, during data
traffic transfer, along the transmission path. This consideration consists in solving contention which
involves the modification of real QoS parameters, at the assigned LSP-core nodes. To solve the
contention, a dynamic service differentiation scheme is developed in Chapter 5. Because the main
objective of this scheme is to provide requested QoS, its use can result a modification of normal
system behavior which can affect both the data traffic characteristics and the real QoS parameters.
This situation has an impact on the status of the resource availability and can result an under or over
utilization of the offered resource. An orientation that can be taken consists in accommodating the
difference between the estimated and the real resource status, especially when the estimated resource
is less than the required resource. Consequently, the above addressed issues justify the need for the
implementation of a congestion avoidance scheme which takes the required actions to avoid the
congestion occurrences, improve the allocated resource utilization and allows the network to operate
in safe area.

8.3. Congestion Avoidance Scheme
In this section, we discuss the congestion avoidance problem and network resource management in
OLS networks. We define the different parameters and the technique used during the design of the
proposed congestion avoidance protocol. In addition, we develop the proposed congestion avoidance
protocol.
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8.3.1. Congestion avoidance resolution problem

A congestion avoidance protocol takes the required actions to avoid congestion occurrences, improve
the use of the allocated resource, and allows the network to operate in safety environment. In the case
of LSP request acceptation, data traffic is accepted and transmitted over the OLS network core using a
switching label. A dynamic contention resolution is applied when contention occurs. The core node
needs to collect the useful information that allows detecting the occurrence of congestion incident. The
node detects this occurrence based on a set of parameters exchanged between LSP nodes during the
data traffic transfer. It performs these functions based on the use of a congestion control scheme that is
implemented at each node. Multiple parameters should be monitored, during data traffic transfer, to
detect and analyze the congestion incident. In the following, we present the considered parameters and
information handled by each core node as well as the useful notations:
-

The Real FDL utilization ratio (RFUR): Total occupation of FDL buffering capability during a
time interval (say ∆t) divided by the existing FDL number in WU of the node.

-

The Maximum FDL utilization ratio (MFUR) at a given core node during a ∆t time interval.

-

The Real QoS constraints: They are described in terms of blocking delay (RDi) and traffic loss
(RLi) of traffic of type i. It is specified by the status of packet blocking delay and packet loss at a
given core node.

-

The requested QoS constraints: This is expressed in terms of blocking delay (MDi) and traffic loss
(MLi) of traffic of type i. It is specified by the maximum end-to-end packet blocking delay and
maximum packet loss.

-

The threshold loss constraint for the different traffic (TLi): It should be chosen to avoid that the
real loss cannot exceed the requested loss during the feedback control label processing.
The ∆t time interval should be chosen not short to avoid an over signaling tasks (i.e., an excessive

feedback and forward labels control transmission) between the core nodes, and not long to alleviate
quickly the occurrence of the congestion incident. In our study, we have chosen ∆t equal to a fixed
amount of processing time of a certain packet number by the core node (i.e., ∆t = p*T, where p and T
denote respectively the packet number and the FDL length).
8.3.2. Congestion avoidance signaling protocol

As presented and discussed in previous subsection, multiple parameters must be exchanged between
LSP nodes to react efficiently for detecting and analyzing a congestion incident with significant time
constraints. For this reason, the implementation of the proposed scheme has required the enhancement
of the used signaling scheme. In this case, when the congestion detection parameters are reached, the
feedback and the forward control labels are created and transmitted along the transmission LSP. The
use of the proposed control label varies according to the node type: edge or core node.
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Figure 8.1: Congestion avoidance signaling protocol.

At a core node

The core node performs the switching process of data traffic based on a set of switching labels built
during the signaling tasks. During this phase, contention can occur at an output of the related LSP-core
nodes. Then, the node performs the dynamic QoS differentiation to resolve the contention based on the
use of wavelength converters and FDL buffering (applied in that order), where the comparison
between real time QoS values and requested QoS parameters is analyzed. If FDL buffering method is
used (i.e., the contended packet is buffered in an available FDL), the core node updates its own FDL
buffering number (FDL_nbr) by incrementing it (i.e., add 1 to FDL_nbr) for computing RFUR
parameter. Once a ∆t time interval has passed, the core node computes the real FDL utilization ratio
and compares it to MFUR parameter. If RFUR is greater than MFUR, the core node sends a feedback
control label to the ingress node, if no ingress node message is received. If the core node receives a
forward message, then it delays the transmission process of the created feedback label to the next ∆t.
If, in the case ∆t is reached again and the congestion detection status persists, the feedback label is
sent to the ingress node asking it to reduce the traffic load, and at the same time the core node modify
its behavior to resolve the contention.
The core node behaves as follows: the node starts to delete intentionally the contended packets of
traffic of type i which has maximum difference between MLi and RLi, and this condition (RFnbr <
RCnbr*ABD) is met, where RFnbr, RCnbr and ABD denote the remaining FDL buffering number, the
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remaining core node number in the considered LSP, and the average blocking delay, respectively. In
addition, it sends a forward label to inform the downstream nodes about the discarded packets as it is
depicted in Figure 8.1. Furthermore, it advantages the packets of the traffic of type i which verifies the
following condition (RLi ≥ TLi) is forwarded in the switching process. When the node detects that the
network becomes in a safe area and the congestion is cleared out, it applies the dynamic contention
resolution scheme as it is defined by the dynamic QoS model.
At the edge node

The ingress node receiving a feedback control label, it starts immediately to adjust the traffic load by
increasing the inter-arrival packet time of the related traffic type. Also, it transmits a forward control
label to inform all nodes occurring to the related LSP about the adjusted traffic load. In addition, it
decides to modify its behaviors versus the upcoming traffic admission request. It modify the time of
the acceptation of the newly admission requests. Whereas the egress node collects the information
about each detected occurrence of congestion incident and gives to the ingress node statistics about the
confirmation of CAC requests for adjusting the CAC behaviors. When the egress node receives a
label request, it sends back a label mapping which contains CAC behavior statistics.

8.4. Congestion Avoidance Protocol
The proposed congestion avoidance protocol is based on the exchange, during the switching process of
data traffic, of two kind of labels control: the feedback label and the forward label. In the case of
detection of the occurrence of congestion, the core node creates and sends a feedback label to inform
the ingress node, which undertakes the necessary actions to clear out the congestion. In the following,
we present the proposed congestion avoidance protocol, which is implemented at each core node.
Before presenting the proposed congestion avoidance protocol, let us consider the following
notations:
- RFUR : the real FDL utilization ratio,
- MFUR : the maximum FDL utilization ratio at a given core node during a ∆t time interval,
- γ : the output rates of traffic of type i with delay j,
- RDi : the real QoS constraints in terms of blocking delay,
- RLi : the real QoS constraints in terms of blocking delay,
- MDi : The requested delay of traffic of type i,
- MLi : The requested packet loss of traffic of type i,
- TLi : The loss threshold of traffic of type i,
- ∆t : equal to a fixed amount of processing time of a certain packet number at a given core node
(p*T),
-

p : the processed packet number,
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-

T : the FDL buffer length,

-

FDL_free : the status of FDL (free or unavailable),

-

RFnbr : the remaining FDL buffering number,

-

RCnbr : the remaining core node number in the considered LSP,

-

ABD : the average blocking delay at the considered LSP.

Considering the above notations, we are now able to develop the proposed congestion avoidance
protocol as follows:
•
-

Intermediate node
Receive switching label of the contended packet (of traffic type i)
Read (ML) % Maximum loss
Read (MD) % Maximum blocking
Read (MD) % Maximum blocking
Read (γ) % Output rates (of traffic of sub-type j)
Compute (RL) % Real or dynamic loss
Compute (RD) % Real blocking
Read (TL) % Loss threshold
∆t _state:=0
If [FDL_free] =True
% at least an available FDL exists
Then
{
FDL_nbr:= FDL_nbr+1 % adding to 1 to FDL number
∆t _state:= ∆t _state +1
Update (RD)
Compute (RFnbr)
Identify (RCnbr)
Update (AVB)
Compute (RFUR)
If [∆t]=[∆t_state]
% ∆t is reached
Then
{
If (RFUR > MFUR)
Then
{
Generate Feedback_ label
If [Forward_label received state] = True
Then
Delay Feedback control label
Else
{
Send feedback control label
Delete packets with Max (ML-RL) and [RFnbr < (RCnbr * ABD)]
Privilege packets with (RL >= TL)
}
}
}
}
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Else
{
Delete contended packet (of traffic of type i)
Update (RL)
}
•
•

Ingress Edge node
Receive Feedback control label
Adjust traffic load
Send Forward control label
Modify CAC behavior of the upcoming traffic

Egress Edge node
- Generate CAC requests statistic
- Compute Congestion statistics
- if label request received
Then
{
Add statistic with label mapping
Send label mapping
}

Label Mapping
Switching information
Requested delay
Requested loss
LSP

Node 1

Node 2

….

Node n

Admission request decision
CAC statistics

Switching information

Switching information

Initial input rate

Initial input rate

Congestion input rate

Output rates

Congestion notification

Congestion notification

Forward Label Control
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j=2

……

j=mi

Feedback Label Control

Figure 8.2: New labels control structures.

The CAC-CC protocol performs its tasks depending on the incoming label types. Two label types can
be noticed: the feedback label and forward label. The feedback label structure contains the notification
of congestion detection occurrence, the congestion detection notification number, the related LSP-core
nodes and real QoS performance parameters. The forward control label structure contains the
information related to traffic load and the LSP-core nodes. Therefore, in our approach, the congestion
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detection is handled dynamically depending on the LSP node location, the traffic parameters, QoS
requirements and the resource availability including buffering capability.

8.5. Simulation and Numerical Results
The proposed congestion avoidance protocol triggers its mechanisms when the occurrence of
congestion incident parameters is reached. The congestion occurrence is detected based on the use of
allocated resource utilization in terms of FDL buffering occupancy which is defined during the
admission request. To validate the performance of the proposed congestion avoidance scheme, a
performance evaluation study, based on simulation activity, is developed and analyzed. To evaluate
the capability of the developed congestion avoidance scheme, we have found it useful to consider and
evaluate two OLS network configurations. The first configuration is assumed without congestion
avoidance scheme, while the second architecture implements the proposed congestion scheme. In the
sequel, we present the implemented simulation model and discuss the obtained numerical results.
8.5.1. Simulation model

In this subsection, we describe the environment of the simulation experiments and consider the node
and network configurations, traffic model and dynamic QoS differentiation, as well as the considered
performance metrics.
OLS network configuration

We consider an OLS network in which the physical topology is composed of p edge nodes (i.e.,
E1…Ep) and n core nodes (i.e., C1…Cn) organized in a bidirectional ring, as it is described in Chapter 6
and depicted by Figure 4.1. The ring can be a metropolitan area network serving as the backbone that
interconnects a number of access networks, and transporting multiple types of traffic from users, such
as IP traffics. The configuration of the simulated network supposes that each link between two
adjacent core nodes can support (k+1) wavelengths. Of these, k wavelengths are used to provide the
transmission of data plane, and one wavelength is used to perform control such as the proposed
congestion avoidance protocol. The proposed signaling protocol insures the exchange of the different
labels to clear out the congestion occurrence.
OLS node configuration

Each core node is attached to one or more edge nodes. The configuration of the simulated network
supposes that each core node is composed by two input ports and two output ports. Each port is
assumed to handle k wavelengths. We assume that all wavelengths have the same transmission
capacity (as equal to 40 Gbps). Each core node is equipped with a waiting unit that containing of d
FDL buffer insuring the storage process to resolve contention. In the simulation activity, the incoming
traffic can be generated by an input channel at an edge node is formed of IP packets with variable
length. The inter-arrival time between two successive packets received on the same input channel is
assumed to be exponentially distributed. The traffic generated by an input channel is assumed to be
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uniformly distributed between all the output channels depending on the assumed wavelength number
per link.
Traffic model

To compare the two considered OLS network configurations: a configuration without congestion
avoidance and another with congestion avoidance, we have found it interesting to consider the same
traffic types of the arriving packets. For this, a generated traffic can be composed of several traffic
types that are identified by a set of QoS requirements. Moreover, we assume that arriving packets of
traffic of type i that are addressed to a specific output port of a node follow a Poisson process. The
inter-arrival time between two successive packets received on the same input channel is assumed to be
exponentially distributed. Also, we assume that all simulations have been performed for a period of
time long enough to reach a reliable conclusion.
Service differentiation

Due to the limitation of the computing resources that we have on hand, we have selected to consider
only four traffic types, denoted by T0, T1, T2 and T3. Each traffic type is characterized by a set of QoS
requirements. In our simulation, we consider two QoS performance parameters: the packet loss and
packet blocking delay. Traffic type T0 has the lowest packet loss and transmission delay tolerance. T3
has the highest packet loss and packet blocking delay. We assume that the input traffic ratios of
individual packet traffics are 10%, 20%, 30%, and 40% for traffic types T0, T1, T2, and T3,
respectively. We have also considered the following configuration: the maximum blocking delays for
(T0, T1, T2 and T3) are fixed to (25µs, 50µs, 75µs and 75µs), and the thresholds in terms of traffic loss
are fixed to (0.05, 0.15, 0.25 and 0.25). All packets have a variable length uniformly distributed in the
interval [250, 1500] bytes.
Output and input parameters

To evaluate the impact of the proposed congestion avoidance protocol on network resource utilization
through the respect of requested traffic requirements, we have found useful to consider two metrics:
the packet loss mean rate and the average packet-blocking delay. The following performance metrics
have been chosen to evaluate the performance of the proposed approach: the packet loss mean rate and
the average packet-blocking delay. A set of input system parameters have been considered for the
performance evaluation: packet number (Pnbr), packet length (Pleng), inter-arrival mean time (IPMT),
FDL number (d), and wavelength number (k). All packets are assumed to cross the same network
nodes number before reaching destination. Moreover, contention can occur between packets at the
output port of each LSP-core nodes of OLS network.
8.5.2. Numerical results

We present hereinafter the numerical results that we have obtained to show how the input parameters
affect the considered output parameters over an OLS network to evaluate the proposed congestion
avoidance scheme. Let us note that, due to the limits of the computing resources availability, we have
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selected to reduce the complexity of the simulation model by considering the following configuration
parameters of our simulation environment: the core node number (n) is fixed to 5, input channel
number (q) is fixed to 5, ∆t = p*T (where p denotes packet number which is fixed to 100, and T
designed FDL length is equal to 0.3µs), and TLi is of 80% of MLi. We also compare the results
obtained using OLS-CAC protocol (say CAC protocol) only to with congestion avoidance (CAC-CC)
protocol.
Before going to present some of these results, we observe that, for all figures, the service
differentiation is guaranteed based on the requested QoS performance parameters.
Blocking delay

Figure 8.3 plots the average packet-blocking delay versus the impact of the generated packet number
per input channel assuming that the wavelength number is equal to 3, the FDL number is fixed to 5
and the inter-arrival packet mean time is equal to 0.1µs. The simulation experiment investigates
various traffic types by utilizing the aforementioned blocking delays and losses to each traffic type,
and using dynamic QoS differentiation. The figure illustrates that, for CAC and CAC-CC schemes,
the output parameter grows with the increase of the input parameter. We notice that, for all traffic
types, the CAC-CC scheme performs better than CAC protocol only. This can be explained as follows:
the increase of the input parameter induces the growth of the traffic load on each output channel,
which increases the contention probability and the contended packet buffering. For CAC-CC scheme,
the increase of the buffering process is accompanied by triggering of the congestion avoidance
mechanisms when the maximum utilization threshold is reached. These mechanisms will increase the
inter-arrival packet time, which will reduce traffic load and the contention cases, and decrease
progressively the average packet-blocking delay.
Figure 8.4 presents the average packet-blocking delay for the impact of the packet length, where
we fix the inter-arrival packet mean time to 0.1µs, the wavelength number is equal to 3, the FDL
number is of 5 and the generated packet number in each input port of the ingress edge node is equal to
14*103. We notice that, for all traffic types, the increase of the packet length induce the growth of the
packet-blocking mean delay. This can be explained by the fact that the increase of the input number
increases the risk of contention, which increases the output parameter. We observe that our approach
performs better than CAC protocol for all traffic types. This is because the increase of the FDL
utilization is accompanied by the mechanisms to avoid the congestion status. Therefore, the decrease
of the average packet-blocking delay is observed.
Figure 8.5 shows the average packet-blocking delay for the impact of the inter-arrival packet mean
time assuming that the wavelength number is equal to 3, the FDL number is of 5 and the generated
packet number is equal to 14*103. We observe that, for all traffic types, the increase of the input
parameter decreases the average packet-blocking delay. This can be explained by the fact that the
increase of the input parameter increases the time separating two successive packets and decreases the
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traffic charge which induces the decrease of the chance of contention, and so the output parameter.
Similar to Figure 8.4, we notice that the CAC-CC scheme performs better than CAC protocol.

Figure 8.3: Average packet-blocking delay versus packet number.

Figure 8.4: Average packet-blocking delay versus packet length.
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Figure 8.6 plots the average packet-blocking delay versus the impact of the FDL number, where
we fix the packet inter-arrival mean time to 0.1µs, the wavelength number equal to 3 and the generated
packet number per traffic is equal to 14*103. The figure illustrates that, for all traffic types, the
increase of the input parameter decreases the output parameter. This can be explained by the fact that
the increase of the buffering capability gives more chance to the contended packet to be buffered,
which decreases the considered output parameter. We notice that the CAC-CC scheme performs better
than CAC protocol, for all traffic types, due to the core node behavior when a maximum WU
utilization is reached.
Figure 8.7 presents the average packet-blocking delay for the impact of the wavelength number
assuming that the packet inter-arrival mean time is equal to 0.1µs, the FDL number is equal to 5 and
the generated packet number per traffic is equal to 14*103. We observe that the output parameter
increases slightly due the instability of the system when the considered wavelength number is less than
4. When the wavelength number is greater than 4, the figure illustrates that, for all traffic types, the
increase of the input parameter decreases the output parameter. This is because the increase of
wavelength capability maximizes the use of available resources, wavelength conversion capability and
traffic distribution, which decreases the contention case and so the average packet-blocking delay. We
observe that the output parameter with CAC-CC scheme is lower than CAC protocol for all traffic
types. This is because the use of CAC-CC scheme in each LSP-core node triggers the congestion
avoidance algorithm, which decreases the network charge and so contention probability when the
maximum FDL utilization ratio is reached.

Figure 8.5: Average packet-blocking delay versus packet inter-arrival mean time.
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Figure 8.6: Average packet-blocking delay versus FDL number

Figure 8.7: Average packet-blocking delay versus wavelength number

Traffic loss

Figure 8.8- 8.9 plot the packets-loss mean rate versus the impact of the packet number and packet
length respectively assuming that the wavelength number is equal to 3, the FDL number is fixed to 5,
and the packet inter-arrival mean time is equal to 0.1µs. We notice that, for all traffic types, the
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increase of the two input parameters increase the output parameter. This is because the increase of
packet number and packet length increase the chance of contention cases, which increases the packetsloss mean rate. We notice that, CAC-CC scheme performs better than CAC protocol, for all traffic
types. This can be explained as follows: when the contention probability grows the FDL utilization
process increases and buffering utilization threshold is reached. In this case, the node performs the
appropriate algorithm, which increases the packet inter-arrival mean time. This will decrease the
network charge and the contention cases, and so improves the performances of the proposed scheme in
terms of packets-loss mean rate.

Figure 8.8: Packet-loss mean rate versus packet number.

Figure 8.10 shows the impact of the packet inter-arrival mean time on the packets-loss mean time
where we fix the wavelength number to 3, the FDL number is equal to 5 and the packet number is
equal to 14*103. We observe that the packet-loss mean rate decreases with the increase of the interarrival packet mean time. We notice that, for all traffic types, the increase of the packet decreases the
considered output parameter. This can be explained as follows: the increase of the inter-arrival packet
mean time decreases the traffic load and the chance of contention cases, which decreases the packetsloss mean rate. Similar to Figure 8.8, we notice that, the CAC-CC scheme performs better than CAC
protocol, for all traffic types. This corresponds to the node behavior when the contended packet
buffering process grows, and the FDL utilization threshold is reached.
Figure 8.11-8.12 plot the packets-loss mean rate versus the impact of the FDL number and the
wavelength number, respectively. We notice that, for all traffic types, the increase of wavelength
number decreases the packets-loss mean rate. This is because the growth of the FDL number and
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wavelength number decreases traffic load, which decreases the risk of contention and the output
parameter. We notice that, for the two figures, the CAC-CC scheme performs better than CAC
protocol, for all traffic types. This corresponds to the use of the congestion avoidance mechanisms
which insures the growth of the inter-arrival packet time and decreases the traffic charge. And so, the
packets-loss mean rate, for all traffic types.

Figure 8.9: Packet-loss mean rate versus packet length.

Figure 8.10: Packet-loss mean rate versus packet inter-arrival mean time.
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Figure 8.11: Packet-loss mean rate versus FDL number.

Figure 8.12: Packet-loss mean rate versus wavelength number.

8.6. Conclusion
In this Chapter, we have mainly addressed the issue of congestion avoidance in an OLS network. We
extended the signaling scheme using control labels to provide an efficient traffic management. We
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introduced a new technique called CAC-CC approach for the offered resource management using
dynamic QoS differentiation, where the available resource is managed, based on a set of QoS
performance parameters including packet loss rate and packet blocking delay. We have also proposed
the congestion avoidance signaling protocol, where the decision to adjust the input traffic load is made
based on the status of the use of FDL buffering capacity at each LSP nodes.
The developed simulation experiments show that the proposed scheme can effectively better
reduce loss rate and blocking delay compared to the CAC protocol. We observe that the proposed
approach performs better than the CAC approach with respect to providing differentiated QoS for
multiple traffic types. We also show through the simulation that our approach is flexible and is
suitable for handling the varying traffic demands and providing an efficient use of the network
resources. Finally, the proposed approach oriented network resources utilization and QoS provision
can be extended to provide advanced level of QoS support which will introduce other QoS parameters
such as jitter and bandwidth management, etc.
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Conclusion and Perspectives
The main outcome of this thesis is the development of contribution related to three fields in optical
switched networking platform to build architectures and protocols for optical label switched networks
to suitably support a large set of IP traffic services. The first contribution consists in the design and
modeling of node and network architectures and schemes to support various IP data traffic types. The
second contribution made by this thesis is related to the development of new methods of QoS
management for QoS-based contention resolution and dynamic service differentiation schemes are
introduced. The last contribution is about OLS network planning and dimensioning in which an
optimization problem formulation is provided and followed by the development of a novel resource
management approach for including admission control and congestion avoidance schemes. In the
following, we summarize the achieved work in this dissertation, showing the major established results
in every considered field. Furthermore, we present some of the main open problems that remain
unsolved and can be addressed in future works.

9.1. Summary of Research Contributions
In this thesis, we have introduced several concepts and approaches, and used them to design
architectures and protocols to suitably implement an OLS networking infrastructure able to support
efficiently a large set of IP services. In this section, we present the main conclusions inferred from the
studies described in the present document. We also summarize the main motivations of this work and
stress on the different proposed approaches and concepts.
9.1.1. Optical switched networks design and modeling

Optical networks design and modeling is addressed for the need of implementing an appropriate
infrastructure that is able to support a large set of IP services and meet the fast growing Internet
demands. Knowing that, the existing technology such as OPS and OBS can manage either the variable
traffic or the bursty traffic, one can say that to support simultaneously these two traffic types on the
same network, we have proposed a novel core node architecture capable of providing additional
functions and enhancing the actual switching and signaling schemes. To make this integration more
efficiently, we have introduced two signaling protocols: the first, called ATM-like signaling, is used to
set up the needed lightpaths for packet-based traffic handling while the second, called Jet-like
signaling, is performed to build the required lightpaths for burst-based traffic transmission. Using
novel signaling schemes, the proposed node architecture performs both packet and burst switching
depending on the received data unit type.
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To offer a significant enhancement of IP traffics handling, we have explored the proposed
architecture and its associated protocols to design and model an OLS network. The development of
such architecture and its associated schemes has required the introduction of several new concepts to
fully adapt the label paradigm over WDM layer and support IP traffic requirements. To provide the
added ability, we have developed a signaling scheme that takes advantage of information located in
different labels exchanged between LSP-core nodes prior to data traffic acceptation and also during
traffic transmission. Moreover, we have developed a theoretical model for the performance evaluation
of the proposed architecture and schemes through the use of an innovative conservation law and
queuing network model to help providing an accurate mathematical study. In addition to the
architecture and schemes, we have developed a performance evaluation study, based on simulation
experiments, to validate the proposed architecture and schemes.
9.1.2. Novel QoS management methods

QoS support is an important issue in optical switched network, especially in OLS networks. QoS
support cannot be addressed using the different optical components such as node and network
architectures requiring efficient contention resolution schemes applied in overall established optical
path. To resolve contention, we have proposed a novel contention resolution protocol for reducing
traffic loss, providing an acceptable end-to-end delay constraint and enhancing the throughput for the
high priority traffics. We have also extended the proposed contention resolution scheme to consider
the use of a novel switching label concept, called virtual label, based on the proposed node
architecture including the wavelength converter and deflection capability. To provide multi class QoS
requirements, we have enhanced the proposed scheme to build a prioritized contention resolution
scheme which combines the use of optical buffering and wavelength conversion techniques. Based on
a large buffering capability, the OLS core node can achieve an acceptable rate of QoS satisfaction for
the traffic with different priorities.
To give an accurate control layer of performance parameters and guarantee all traffic parameter
constraints, we have developed a scalable approach based on dynamic QoS performance parameters.
This approach can handle service differentiation based on the incoming traffic requirements to satisfy
a QoS requirement for applications with diverse QoS demands. Moreover, we have proposed a novel
QoS model which addresses the issue of traffic management based on real-time parameters of the
incoming traffic and network resource state. This method is based on a novel concept, entitled
dynamic LSP-core node handling, which introduces the computation of dynamic QoS parameters,
process link performance parameters, and exchange parameters applied to the incoming traffic along
the related lightpath. To exchange the needed traffic parameters values and required network resource
information between LSP-core nodes, we have introduced new label frameworks used during data
traffic transfer for providing the traffic requirements and enhancing network resource management.
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9.1.3. Planning and networks resources management

OLS network planning and resources management is another attractive topic that can be addressed
based on dimensioning and optimization. To enable efficiently QoS management, we have introduced
an approach of dimensioning and optimization of OLS networks and the provision of resources. We
have also developed a new optimization problem formulation based on a conservation law and
network queuing model. The developed analytic model is discussed along a communication LSP (i.e.,
optical path) and extended to the whole network. Moreover, we have discussed and validated the
efficiency of the developed formulations (i.e., node, lightpath and network) through simulation
experiments.
Beside dimensioning and optimization, we have addressed resources management and QoS
provision aspect through the use of a novel admission control approach, where QoS parameters can be
managed according to network resources availability. To guarantee an efficient resource management,
we have extended the traditional OLS signaling scheme by handling the estimation of resource
availability, ad-hoc resource allocation, and requested QoS requirements. In addition, we have
developed a mathematical model for considered LSP and generalized it to an OLS network by means
of a conservation law and queuing network model. Our proposal is analyzed and validated through a
simulation work.
To enhance the use of the allocated resources and provide a safety networking operation, we have
introduced a novel signaling protocol through the use of novel control label frameworks for adjusting
the input traffic load, modifying the core node behavior and activity, and adapting the adopted
contention resolution. During the design of the proposed protocol, we have considered the
management of allocated network resource in terms of buffering capability at the established LSP-core
nodes. Accordingly, we have proposed a suitable congestion avoidance in which the requested QoS
requirements and the offered resources are handled using a novel control plane. Our proposal is
analyzed and validated through a simulation activity.

9.2. Future work
The study of the aforementioned topics over OLS networks opens new research directions as well as
several implementation issues that we consider interesting for further development and study. In the
final section of this dissertation, we state four significant research topics: security, multicasting and
monitoring in OLS networks as well as the trend toward all optical packet switching networks.
9.2.1. OLS networks security

Network security is becoming a very sensitive and important topic for equipment manufacturers and
network operators. In optical networks, security is even more complex since the optical signals are not
regenerated as in opaque networks and, therefore, the faults and attacks at the physical layer are more
difficult to detect and isolate without significantly affecting the overall network performance. With the
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enhancement previously introduced, OLS networks can provide an appropriate platform which
supports a wide range of applications with diverse QoS requirements, but it required the development
of new protocols, to enable security management in the near future. Our first concern consists in
defining failure management as the prevention, detection, and reaction against failures. While failures
can be defined as the interruptions of the normal functioning of the network and comprise faults as
well as attacks. Faults at the physical layer should be located as fast as possible not only to avoid
losing a lot of data but so that higher layers do not see the fault and start performing their own fault
mechanisms. Currently, Optical networks may have several layers which all perform fault
management independently from each other. Although future OLS networks should not avoid task
duplication, we suppose that interoperability between layers will not only eliminate it, but will also
improve the performance of the fault management tasks. More precisely, the future fault location
problem will be more efficient if the management system is able to correlate information from the
different layers such as physical layer, WDM layer and protocols layer.
9.2.2. OLS networks multicasting

Supporting optical multicasting in optical switched network, especially in OLS networks, poses
interesting problems because some OLS switches may be unable of switching an incoming signal to
more than one output interface. Given that multicasting is important and increasingly popular on
Internet, issues concerning running multicast sessions over OLS networks need to be studied. Studying
WDM multicasting under OLS framework using optical paradigm can be implemented through the use
of multicast sessions. Our concern will investigate an OLS platform that can make each OLS switch
able to build a multicast tree by copying a data packet and transmitting a copy to each downstream
node of physical topology. This requires O/E/O conversion of every data packet at all the core nodes
on the tree which may be inefficient and undesirable in terms of data transparency and latency. For
this, we will discuss and analyze O/E/O conversions in order to avoid such conversion by using a
virtual topology consisting of lightpaths from the multicast source to each destination of the multicast
session. Moreover, for large multicast groups, the network bandwidth consumed by such a scheme
may become unacceptable because of the unicasting nature of the lightpaths. For this reason, we will
investigate the development of multicasting status synchronization between WDM layer and protocols
layer by introducing novel optical components and taking its advantages and capability during the
design of new OLS switches.
9.2.3. OLS networks monitoring

Another future topic can be addressed using the proposed congestion avoidance protocol in order to
provide an efficient performance monitoring environment in OLS networks. The aim of this
environment is to supervise multiple parameters and events that may have a significant impact on the
network performance and resource management. Performance monitoring concept can be explored at
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multiple layers such as WDM layer, wavelength layer and protocols layer. In WDM layer, we consider
transport and channel management in which a set of parameters can be handled such as channel
presence, OSNR (optical signal noise ratio), and power levels. In the second layer, we concentrate on
signal quality monitoring, which manages wavelength granularity and performs signal quality
measurements. In the third layer, we investigate protocol performance monitoring, which involves
monitoring the performance of the deployed network protocols and traffic requirements. In addition,
performance monitoring can include network resources utilization supervision and QoS performance
parameters monitoring.
9.2.4. Trend toward all optical label switching

While the proposed OLS network architecture and protocols can be considered as an important
contribution in optical transport network, other extensions to this work can be investigated in order to
implement all optically-performed label networking functions. One of the main aspects of these
enhancements is the realization of all-optical label switching (AOLS) networks, where the labels are
processed and switched all-optically along the transmission optical path without any conversion at
intermediate nodes. The motivation behind this idea is to realize the switching process completely in
the optical domain, which significantly enhances the whole network performance and optimizes
network architecture and traffic engineering protocols. Furthermore, AOLS will evolve (more easily
than in current transport networks) towards high-speed transmission technologies to support the
explosive growth of Internet traffic. Despite these advantages, the research in this area has just started
and AOLS networks are far from becoming a reality, basically because the technologies used to
perform key networking functions in the optical domain are currently under development. Thus, the
challenge in the near future is to design a novel AOLS network architecture and protocols able to
implement efficiently the switching networking functions for supporting all optical IP traffic transport.
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Glossary

Glossary
OXC: An optical cross/connect element (OXC) switches optical signals from input ports to output

ports. A basic cross/connect element is the 2*2 cross-point element. It routes optical signals from
two input ports to two output ports and has two states: cross state and bar state.
TDM: Time Division Multiplexing is an electronic multiplexing technique used to enable multiple

stream of information to share the same transmission media.
OTDM: Optical time division multiplexing is an optical multiplexing technique used to enable

multiple stream of information to share the same optical transmission media.
SONET/SDH: Synchronous Optical Network/ Synchronous Digital Hierarchy: This is a digital

transmission standard. Higher layers use optical packet switching; optical layer is point to point.
WDM: Wavelength Division Multiplexing is a multiplexing technique where two or more optical

signals having different wavelengths are combined and simultaneously transmitted in the same
direction over an optical fiber.
DWDM: Dense WDM is a way of increasing the capacity of the optical fiber. It carries multiples

wavelengths in single strand of the fiber.
OPS: Optical Packet Switching is switching technique where a data stream is broken up into

packets of small size before being transmitted. Routing information is added to the overhead of
each packet in order to aid intermediate switches between the source and destination nodes.
OBS: Optical Burst Switching is a switching technology that can aggregate, or assemble, packets

into bursts at ingress nodes, such that the switching times, and associated guard band
inefficiencies, are negligible with respect to the burst sizes
OLS: Optical Label Switching offers seamless integration of data and optical networking while

supporting circuit, burst, and packet switching using the optical-labels. The dynamic and agile
characteristics of optical label switching indicate its support of diverse QoS and CoS services.
WR: Wavelength Routing enables optical networks to carry data between access stations in the

optical domain without any intermediate optical to/from electronic conversion.
LSP: Label Switching Path consists of a set of core nodes. It is built during signaling task for

providing data traffic transfer from an ingress edge node to an egress edge node.
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