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ABSTRACT

In the last decade Internet has experience an gxplgrowth due to numbers
of new users as well as their expectations to tyuali receiving services. Those
changes are major problem in core networks andetttenology used so far does not
assure satisfying results. The optical networkdrasrged as a promising technology
to fulfill growing demands on networks capacity apdrformance. In last two
decades wide ranges of the technologies of fibemgonication and networking are
focus of research in telecommunication domain. é@ptPacket/Burst Switching
Network (OPS/OBS) is a promising technology foufetcore networks due to good
network utilization and adaptability to changes time network infrastructure.
Moreover OPS/OBS networks would be a good solufimran increasing numbers
of real-time and interactive Internet applicatiombis problem forces development
of Quality of Service (QoS) mechanisms and techgieky The idea of providing
QoS in All-Optical Networks brings nonnegotiablepopunities. However, due to
some nowadays technology limitation most aspedt erly in theory. Nevertheless
research in area of both modeling and providing @oA&ll-Optical Networks could
give the strong fundaments for implementing thi<hamisms when the nowadays
technology will be able to bring it to reality.

This thesis presents the idea of providing QoS lirOptical Networks. The
thesis investigates available mechanisms of diftemdon services in Optical
Packet/Burst Networks. It provides an overview wirent state-of-art in this domain
together with literature research in order to eatduand present qualitative and
guantitative comparison of three chosen algoritivhgh are suitable for providing
QoS in OPS/OBS networks. The thesis includes @search in teletraffic modeling
of Optical Networks.
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INTRODUCTION

Background

In the last decade Internet has experienced anosixpl growth due to
numbers of new users as well as growing populafitpternet and increasing access
network capacity [Per02]. Internet offers attractido users, such as forums, e-books
or online games all over the world. Moreover, iv&uable source of information in
many domains like politics or science. Nowadayerimet becomes also very useful
tool in business or medicine. For instance it eemli perform teleconference
between doctors during surgery, even if they arg feg from each other. Constant
development of different kind of companies imposms the need of better
communication between theirs parts. To attractazusts Internet Service Providers
(ISP) offer faster, cheaper and safer services.d¥ew the more people use Internet
the more data needs to be transmitted and theresgemt for network ability to
handle it increases. Moreover, for some servidesrkal-time video or telemedicine
network should transmit the data fast enough witHosing any part. The major
problem in core networks is to achieve balance behacosts and providing satisfies
services.

R ;
b
v L-_-//
TR INTERNET, ;

Figure 1. Data transmission from one point to aeodver the Internet

Figure 1 presents how data can be transmitted &noenpoint to another over
the Internet. In switching point the router or sihg device decides where should
transmit the data according to some implementearifiigns. The decision about the
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path is taking depending on accurate situatiorh@éretwork. The number of users
and data transmission impose on the state of nkivivboreover some data need to
be transmitted without losing any part. The switchdevices should take decisions
aiming at minimizing the loss ratio, time of transsion and maximizing the widely
understand quality of communication.

One of the proposed solution to problem of growieguirements for network
speed or capacity is Wavelength Division Multiplexi(WDM) technology. This
method allows building several channels - wavelesidb transmit data in single
optical fiber, which is a waveguide for light. Hovez, WDM is utilized in point-to-
point architecture [@veO6a] with electronic switsheThis means that the
transmission is fast between the switching points,after reaching them it must be
converted to electronic signal in order to makedhkeision, where it should be send
next. Before leaving switching device the signacamverted to optical one. This
conversions called O/E and E/O waste a lot of tiespecially while considering
speed between the double conversions. The solefiarsing all-optical networks
seems to be promising technology. On the other hagiglvorking in optical domain
is quite new technology and it gives many areasdsearch.

Another issue to concern in today’s networks issahg high demand of
some group of users. Nowadays Internet provide thrdybest-effort services, where
packets are threaded equally and transmitted irbés¢ possible way according to
available resources. “For the services like emad &le transfer applications best
effort services may be sufficient, hence real-timéeo, interactive gaming and
telemedicine are more demanding” [Ram06]. This |enmbforces development of
Quality of Service (QoS) technologies. Those tetdgies mainly concern the
classification of generated traffic or flow in ord® enable providing services for
distinguished classes of users.

Optical network which provide QoS seems to be anBmg technology to
fulfill all mentioned before requirements, espdgiakhile considering the future
possible needs speed. It is very actual problemmaady investigations are being
made in this domain. This thesis focuses on tweabtechnologies Optical Packet
Switching (OPS) and Optical Burst Switching (OBSome issues have been
resolved in this area of interest, such all-optigalzelength conversion [Dur96] and
all-optical processing. However there are stillldmes like combating packet due
to contention or supporting QoS differentiation.isTkhesis addresses one of the
major problem in OPS/OBS networks: providing Qoffedentiation schemes. Major
challenge in OPS/OBS is to provide accurate argalytmodels for network layer
related issues [Rob01]. Moreover, there is a |dakadels that capture the effects of
QoS differentiation.



Research aim and objectives

This thesis investigates the methods of analysialuation and providing
Quality of Service suitably for Optical Burst Swied Networks. All-optical
networks have some seriously limitations, such asket buffering in switching
devices. However, it also offers great featurese liulfilling the growing
requirements for real-time application. One of #rea of interest in the research
concerning all-optical networks focuses on prowydquality of service. This thesis
focuses on performing differentiation schemes atgbraghm that will allow
providing quality of service guarantees. The mairppse of this work is to perform
analysis if and on which level presented differ&tidn schema and used algorithms
meet the QoS requirements. Existing differentiatiechniques are investigated and
compared in order to obtain best suiting methods.aghieve the goal following
research objectives are realized:

* Perform an overview of optical network architectued discuss the
impact of specified features of these networks.

* Formulate the task of providing QoS in Optical Netks including
comparison to analogical problem in wire and wislaetwork.

* Prepare description of differentiation schemes djviding QoS in
Optical Networks.

» Perform simulation research and elaborate reswuanhtitative research.

» Compare the differentiation schemes based on acellygnd simulation
results.

Research questions

The main goal of presented study is to evaluatenyfpothesis. However the
research process includes also some sub questions.

Hypothesis: Which differentiation schemes suits best for pdowy QoS in Optical
Networks?

Research Question 1What are the main differences while implementingSQo
optical networks compared to the wire and wirelestsvorks?

Research Question 2Which algorithmbased on differentiation scheme gives the
best results according to the packet loss ratio?

Thesis outline
This thesis is organized as follows:

Introduction presents the background and research objectivegldss the thesis
limitation.

Chapter 1 presents the history of fibre-based communicatiOptical Network
classification and introduces the features of @GptRacket Switch/Burst Networks..



Chapter 2 introduces the idea of providing Quality of Servinenetworks and the
general overview of different QoS approach.

Chapter 3 discusses issues related with modeling Optical Netsv and
implementing Quality of Service, the limitationasll as the opportunities of fiber-
based networking.

Chapter 4 presents methodology, which was used in order heege the main goal
of this study.

Chapter 5 introduces the main purpose of this work by forreak formulation.
Here we also present the analysis of differentratschemes based on teletraffic
theory.

Chapter 6 presents the simulation process and achieved sesult

Chapter 7 gives the summary of performed work and answarssfeearch question..
Here we discuss the hypothesis evaluation as wetha possible ways to develop
this thesis.



CHAPTER 1

OPTICAL NETWORKS

The term network addresses interconnection betwgstiems in group, which
shares information. Telecommunication network eferarchitecture, which consist
of nodes and links between them. This architectuith implemented methods
allows transmitting data from one node to anotMajor issue in networking is to
provide services, which allow transmitting dataedgffast and in most optimal way.
To make transmission safe many security mechangsmase to protect data against
unauthorized access. For optimal transmission stamethods of routing, the process
which on the basis of network state selects palbsgawhich the data are
transmitted.

11 Network classification.

The nowadays’ network can be divided into seveifé¢r@nt classes basis on
some characteristic attributes. The major divissoshown on the Figure 1.1

Communication networks

Switching networks Broadcasting networks

Circuit switching Packet switching

Connection oriented Connectionless oriented

Figure 1.1 Network classification based on typsaiding the data



The first division of telecommunication networkssisaon the way in which
data are send. In broadcasting networks the infoomas send from one node to all
nodes in network. The good example of this kinchefwork is radio, satellite or
Ethernet. The idea of switching is to transfer thimrmation between dedicated
nodes in the network. Depending on the strateglyawfsferring we can distinguish
two types of switching networks:

Circuit switching, when before the transmission tbleannel is being
established and all necessary resources to sethiEeconnection are reserved.
Second approach is based on the strategy storéamdrd and no reservation of
resources is being made before sending the data.

Moreover the network traffic can be divided intamtaelasses:

» the traffic sensitive to delay. Generally this kioidtraffic is observed in
circuit-switched network.

« traffic sensitive to loss.

Based on this division all application that arevedrin the network and the
traffic which is generated by network’s applicasocan be also divided into two
classes:

» application real-time sensitive

e application delay tolerant.

It should be also mentioned that depending on rements and purpose for
the network different kind of network types canused. Nevertheless, independently
from this classification and attributes of eachetyy network, the major problem in
nowadays telecommunication is time and size of isgnohformation, which gives
the requirement for higher speed of the networksd®lve this issue the technology
turn to the opportunity, which is given by optic&tworking.

1.2 Optical Networks

The idea of optical networking aroused in the ed®80s, when fiber—optic
cable was invented, which permits to transmit nundiedata over long distances.
Fiber-optic communication is a technique, in whictiormation is carried by
electromagnetic wave (electromagnetic carrier wave)

According to [Opt07] “optical networks are high-eajty telecommunication
network based on optical technologies and compsnéhat provide routing,
grooming and restoration at the wavelength levelwatl as wavelength-based
services”. Traffic grooming in optical networking ioptimization process of
grouping different traffic streams into higher spestreams.[Wan 01]. Restoration
term is used to describe the process by which dhnentunication path is established
between nodes after disruption of the original one.

Optical networks development can be divided inteehstages (generation),
as can be seen on figure 2. The first step towampgal networking was the
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Wavelength Division Multiplexing (WDM) technologyThe second and third
generations correspond to all-optical networks, rehadl transmitting processes are
implemented in optical domain.

&

Technology

Optical Packet Sm@ 1

b = .
— optical networks
Optical Burst Switching 7

3rd genevation

. , .

" — 2nd generation

WERON b e .
R optical networks

- , .
- : : — 1st generation

WDM point-to-point ™ s "

R optical networks

p

2005 Time

Figure 1.2 Evolution of photonic transport netw{ftke05a]

Wavelength Division Multiplexing (WDM)

WDM technology allows combine multiply optical carr (OC) signals into
one signal on a single optical fiber by using déf& wavelengths. OC is a term used
to specify a speed of fiber-optic network. As tight is an electromagnetic wave,
each wavelength is equal to the color of light aadh of wavelength can carried
some information. Nowadays WDM is used in poinptaat architectures [LN 01],
which means that the optical-electrical and eleatroptical conversions in each
switching point are needed. The costs of switctasgwell as limits of electronic
switches cause development of all-optical architecsolutions, which provide more
cost efficiently network transport services andhieigdata transparency.

1.3 All-optical network architectures

“All-optical network consists from optical fibernks between nodes with
all-optical switching and routing of signals at thmdes, without electronic
regeneration” [Ram02]. Providing switching and mgtmechanisms at the optical
layer in the second and third generation of phatdaransport network obviate the
need for conversions to the electronic domain. Gang to standard model of
networks layer like 1ISO/OSI [Tan04] or SONET [Soh@Be all optical network
architecture provide very simple layer model, whielm be seen in figure 1.2 [JajO1]
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IP Layer

Optical Layer

Figure 1.3 All-optical network architecture.[ JajO1

1.3.1 Wauvelength Routed Optical Networks (WRON)

The second generation is Wavelength Routed OptNeaivorks (WRON),
where all-optical connections, are established betwedge nodes in the optical core
network [Ram02] before the data transmissiOA. core network is a backbone
network, usually with a mesh topology, that progi@ay-to-any connections among
devices on the network” [Lin08]. This connectionamed lightpaths can be
wavelength converted at intermediate nodes (optiealelength converter), but the
whole path between edge nodes is reserved and earléased only when the
transmission ends. However, the wave channels haeey large granulation and the
occupying a single channel by a small set of dateery ineffective.

1.3.2 Optical Packet/Burst Switching Network

As the WRON technology seemed to be non-optimal gueesources
utilization [Zan00] the most promising all-opticaktwork technology is Optical
Packet Switching (OPS) and Optical Burst Switchi@®@S). Both technologies are
included into third generation optical networks

1.3.2.1 Optical Packet Switching

OPS network basis on the idea that packet shouldnlieely processed,
forwarded and buffered in optical domain. OPS waiksilarly to packet switching
already implemented in electronics [Yao00]. Theaidd packet switching is to
transmit data as discrete blocks of informatiorckées are put into optical packet
payload and routed together with control informatizetween nodes in network.
This means that the payload must be delayed inr Blgday Lines (FDLs) at the
switch while setup is performed [Und04]. There istidguishing into two modes in
which OPS network can operate: asynchronous, wheckets arrive at a switching
device at non-deterministic instants, what meanttiere doesn’t exist defined time
moments. In second mode: synchronous packets atia® optical core switch in
synchronized and equally spaced time slots. [Nor03]

1.3.2.2  Optical Burst Switching

The idea of this technology is to aggregate incgmpackets from the
access network into bursts of defined size. Wherbtlrst is ready according to timer
or size it is sent into network. OBS uses out-afébaontrol information, where the
burst transmission is preceded by control packapoftant issue is to perform
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optimal scheduling schemes. Those schemes for O88 proposed and described
in [Xu 01]. The most promising schedulers are Paid-Wait(TAW) and Tell-And-
Go (TAG). In the first case prepared burst waits dontrol packet report about
resource reservation, and is sent after confirmatib enough available resources
comes. In Tell-And-Go schemes burst is sent ridter dhe control packet and the
reservation is being made during the transmissid® role of control packet is to
reserve necessary resources for the burst. Anstieduling scheme is Just Enough
Time model, where burst is sent after control paakeer defined period of time
(named Offset Time).

13



CHAPTER 2

QUALITY OF SERVICE METRICS

Quality of Services in networks concern trafficflow classification in order
to treat them in specific way according to classytrepresent. Qualities of Services
allow differing traffic class and providing servecéo that class. [Grz02] In general
QoS is the network ability to guarantee providiegvices for specified traffic class.
Availability of providing different services for epified traffic class require
implementation in the network suitably mechanisrhdifferentiation, identification
and management of all traffic class and networkisments. Differentiation
mechanism focus on rules of admission control asturce allocation, as well as
number of resources allocated to the users. Thes lwasception is, as mention
before, providing best-effort services. When tajkabout QoS in networks a several
approaches to this case should be considered.

As mention before, we can distinguish two clasddsadfic: circuit switched
and packet switched. Based on these division twjometasses of QoS metrics were
introduced:

e Call control parameters. This class is dedicatedcitouit switched
networks as well as connection-oriented. All pagters in this set are
related to connection attributes, such as setupase and connection
acceptance.

e Information Transfer Parameters, which are suitablerarious type of
networks independently from the way of providingaerces, which mean
they characterize packet switching as well as gimwitching networks.
Parameters that belong to this metric class araildd¢scribed in next
paragraph.

2.1 QoS parameters

While introducing the QoS parameters included amsfer class, it should be
mention that elements in this group is strictlyaiel from the application type, that is
being served, meaning they are dependent on ttgffecor application sensitivity. In
order to define set of parameters suitably for df@inquality characterization the
main issues should be considered. Firstly, parasesbould be fitted to the
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application and measure attribute that are requicepending from the class
application belongs. They also should be awardllotha mechanisms used in the
network, as well as the scale on which they desamibality. For instance if voice
transmission is being considered, the loss ratiarpater will not be an adequate
parameter to characterize quality, while delay tidescribes properly application
delay sensitive. For purpose of this thesis we rilsd@acket Loss Ratio, as it was
define the crucial parameter for theoretical andoiewal study presented in this
work. The detailed description of all parameterns lsa found in [Grz02].

2.2 Packet Loss Ratio

Packet Loss Ratio is defined as the average diaelthe lost data to all data
send by the source [Grz02]. This quality metric Haferent implementation and is
depended on network architecture. This dependenkteb& shown in main task
formulation. In optical networks packet can be ldgé to several reason. One of the
cause is contention resolution issue. Contenti@urscwhen packet/burst is destined
to an output wavelength that is currently transngttor when at least two
packets/bursts are destined for the same outputleragth in the same time-slot. The
mechanism and proposed solution will be introducedext chapter. Implementing
QoS differentiation schemes in optical networks &las influence on PLR since the
proposed algorithms decide which packet/burst shbelprocessed.

2.3 QoS frameworks

Providing QoS that fulfills different applicationsequirements distinguish
two major frameworks: integrated services (IntSeamd Differentiated Services
(DiffServ).

2.3.1 Integrated services

IntServ [Bra94] is a per-flow based QoS framewoikhvdynamic resource
reservation. The idea of integrated services basessumption, that quality of
service is guarantee by resource reservation fon ganerated flow. Reservation is
establishing network route before transfer staftscording to [Grz02] IntServ
distinguish two models. First model is Guaranteevise (GS) with providing
defined resources allocation and upper bound d&l&yensure that no packet will be
lost and bound maximal delay value. Controlled L&vice is second model of
IntServ. CLS is resource reservation based on geenalues of the traffic
parameters without delay value guarantee.

2.3.2 Differentiated Services

DiffServ [Bla98] is a per-aggregate-class basedviser discrimination
framework using packet tagging. Packet tagging b#esn the packet header to put
down a packet to class with special treatment. Mesumption of differentiated
services is that different qualities of service dsnprovided using small numbers
forwarding class or behavior aggregate. Resoutoeadion is made by limitation of
introduced traffic. QoS can be described qualigyiv(relative) or quantitatively
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(absolute) [Zzha01]. In absolute definition QoS usuganteed to an individual flows or
traffic classification, which basis on rules call8drvice Level Agreement (SLA).
SLA is a contract between user and provider, whiefine number of forwarding
class, level of service and bound to the valuesetivork metrics (such as delay or
loss) for the high priority class. The absolute Qu®del provides worst-case
guarantee based on the loss, delay, and bandvadipgdlications. This type of hard
guarantee is essential for the classes of delaylasdsensitive applications, which
include multimedia and mission-critical applicasorjZha03b]. Relative QoS
definitions relate the treatment received by aslafspackets to some other class of
packets. According to [@ve05a] relative guaranteas further be divided into
gualitative guarantees, where the QoS parametershefvarious classes are
gualitatively ordered and proportional guarantedgre QoS parameters of a certain
class are given quantitatively relative to anotiiass.

The most significant QoS parameters in the cordaérptical networking are:
delay, delay-jitter, packet loss ratio (PRL) anatighput.

According to paragraph 1.3 all-optical networks dénasome obviously
boundaries that make it impossible to used algmstlor solutions already applied in
point-o-point WDM with electronic switches. This lsecause of existing QoS
schemes differentiated traffic between the servidasses basing on traffic
management algorithms. For instance traffic wittvdo priority is buffered until
traffic with higher priority is processed. An exaemran be seen in [Wyd02] or
[Cri03], where Active Queue Management (AQM) algums were described. In
optical network buffering is available only througtiber Delayed Lines (FDLS),
“where packets are delayed by being transmittedh dixed length optical fiber”
[@ve06b]. However, this solution does not replaaedom access memory (RAM),
which is essential to perform traffic managememe @f the reasons is that, the
FDLs can only delayed packets for a limited amoohtime. Nevertheless, the
benefits of using OPS/OBS network are enough sagmif to research for providing
QoS without using electronic RAM.
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CHAPTER 3

M ODELING OPTICAL NETWORKS

Major challenge in OPS/OBS is to provide accuratalyical models for
network layer related issues [Rob01l]. Moreoverrehis a lack of models that
capture the effects of QoS differentiation. In tbispter the problem of providing
QoS in OPS/OBS networks will be formulated and leimgles

3.1 Combating packet loss in OPS/OBS networks

Very important issue, which strongly influences @QeS differentiation
solutions, is contention resolution. According ¥ap03] packet loss at the network
layer is a crucial issue due to contention. Comdenbccurs when packet/burst is
destined to an output wavelength that is curremtligsmitting or when at least two
packets/bursts are destined for the same outpuelemgth in the same time-slot.
Both cases will cause dropping packet/burst anceasing packet loss rate (PLR).
To avoid this situation appropriate mechanismsomizat such packet/burst loss are
used.

Currently we can distinguish two main approachesetmlve the problem of
combating packet/burst loss: contention resoluti@sed on reducing the average of
packet loss when contention occurs, and intelligpacket loss combating
mechanisms, which reduce PLR using intelligent nétvbehavior.

3.1.1 Contention resolution

“Choice of contention resolution architecture highifluences the mode of
operation of the QoS differentiation schemes”. [@Bkg. Generally contention
resolution is deciding which device gains access tesource first, when more than
one wants to use it at the same time. The contentasolution mechanisms
according to [@ve06b] can be grouped into threeanm

 Wavelength domain where contending packets are converted to idle
wavelengths on the same fiber using wavelength exens.

« Time domain, where contending packets are delayed and scliedate
transmission at a later point in time when the Weawgth is available
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» Space domain where contending packets are transmitted on #Hmes
wavelength on another idle output fiber, which #mla node other than that
originally intended.

More detailed methods can be found in [Lu 04] f@ti€al Packet Switch and
in [Gau04] for Optical Burst Switched networks.

3.1.2 Intelligent packet loss combating mechanisms:

Second approach includes various methods, which different from
contention resolution, since they do not attempt réaluce the number of
packets/bursts loss when contention occurs. Orieeske techniques is presented in
[Maa04], where the PLR is continuously monitored &apt below an upper limit by
utilizing an adaptive rate control algorithm. Otlsaiution, the hop-based or merit-
based priority scheme for reducing the overall mekwPLR has been examined in
[Whi02d] [Kim02].

3.2 Teletraffic analysis of OPS/OBS networks

OPS/OBS networks are quickly developing technoldtpywever, as it is still
young research area of telecommunication domainyrissues are not introduced in
reality. In this paragraph we present an overviéwnethods of modeling OPS/OBS
network.

3.2.1 OPS/OBS node synchronization

As mentioned before OPS and OBS networks can wark either
asynchronous or slotted transfer mode. In synchue@PS network [Yao03] time is
slotted and the packet switching occurs only ataginning of time slot. All packets
have the same size and the duration of singleskquivalent both to the sum of the
packet size and optical header length. Each pdbketarrives and enters the switch
must be aligned. In synchronous OBS both data am#fa channels are slotted.
Moreover, the control channel consists from sevBtakt Header Packet (BHP) slot
and data slot is the multiply number of data slotthe asynchronous OPS/OBS
networks packets or burst may arrive and enterstigch in any point of time.
However, while packets can have different size,ibginning and end of data burst
must be specified in time units [Laz07].

3.2.2 Network models

In recent years many Internet research were focosettaffic modeling in
optical networks. The major feature of OBS and Qfe8vorks is that they are
modeled as loss system [Tur99]. “This is simplifica of the reality, because
queuing delay may occur in optical networks from. &DLs “[@ve05a]. However,
research study has shown that this generalizatam loe acceptable [Bjg02a]
[Yoo00]. The major challenge is to provide precas®lytical model of OPS/OBS
network, which will be able to capture the effeatuffering, contention resolution
or QoS differentiation. Unfortunately, the currestéite of development of OPS and
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OBS technology still does not satisfy all requiretsesuch as providing suitable
contention resolution or QoS guarantees. [LazG7is klso important to underline
that synchronization mode influences on traffic glod'he asynchronous networks
are modeled using “continuous-time Markov chainsijlevslotted networks are
modeled using discrete-time Markov chains.

3.2.3 Arrival models

The different synchronization mode causes two @hffe network models.
Each of that architecture has several solutions nhadeling the packet arrival
process.

In [@ve04b] various Marcovian arrival models wergegented for
asynchronous OPS network, with detailed descriptiorlang and Engset lost calls
cleared (LCC) arrival models. Author proposed alswgset Asymmetric arrival
model and the Engset Non-looping arrival model. @m&e Engset-based arrival
model the Engset Overflow is delivered in [@ve0O5Hje comparison of Poison and
Binominal arrival models can be found in [@ve04c].

All analytical models base on stochastic processes are widely used in
performance modeling of OBS/OPS networks. Nevez8®lthe choice of analytical
model strongly influences on the evaluation of eatibn resolution mechanism and
QoS differentiation schemes, as well as the ingastd network parameters.

3.3 Quality of Service differentiation schemes in OPS/BS

In this section most popular and suitably both@&S and OBS network QoS
differentiation schemes will be introduced. In orde ensure better understanding
this issue two major challenges related to QoShfitiation mechanisms should be
indicated.

The most important issue is high dependency betwg@viding QoS
differentiation by utilizing the WDM layer and usedontention resolution
architecture. Currently only a small subset of gmescontention architectures has
been considered for QoS differentiation and furtlesearch on the various types of
QoS differentiation schemes for OPS and OBS isiakuénother challenge is to
offer absolute Qo0S, since most proposed solutionoS differentiation in OPS
and OBS provide relative QoS guarantees.

According to the literature most of the differetiba schemes concert the
Packet Loss Ratio (PRL) as a crucial quality patamé&hese schemes can be based
on preemption, access-restriction or intentionakpadropping.

3.3.1 Dropping based QoS differentiation scheme

Dropping based QoS differentiation scheme is slatidy both OBS and OPS
and has been presented in [Che01l]. With packetpingp low-priority traffic is
dropped with a certain probability before attemgtio seize a resource. This model
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basis on the assumption that “the service diffeaéinoh of a particular QoS metric is
proportional to the factors that a network servprevider sets.” Equation (1)
describes the proportional model for all pairserivgces classes:

G =% G j=0L..N) 1)
Sj

where i is number one of N clasgy represents QoS metric amsl is the
differentiation factor. With assumption that thasd 0 has lowest priority, packets
with lower priority is intentionally dropped whenation (1) is violated.

This scheme can be modified to provide absolute @o%synchronous
OPS/OBS network, what was performed in [ZhaO3agalof proposed early drop
scheme was to introduce probabilistic service diffiiation technique where bursts
from class with lower priority are intentionally apped with defined probability,
before possibly contending with the bursts fronssleith higher priority.

In both solutions PLR for low-priority traffic ineases, but it significantly
decreased for high-priority traffic.

3.3.2 QoS differentiation schemes based on access-restion

This differentiation scheme is suitable both foyrehronous OPS and OBS
network. The access restriction methods basis ®@mssumption, that a subset of the
available resources is exclusively reserved fohéigpriority traffic.

One of the proposed solutions is Wavelength Alloecatalgorithm (WA)
[@ve06b]. Assume that the resources are represéytedavelengths converters. To
each of the service level we assign different nunabehose converters. Some can
be reserved for the highest priority traffic, whdthers are shared among all traffic.
Each class arrivals is either accepted or droppgedrding to accessible converters
and class priority.

In [Cri0O3] as a solution to this schema for bothirechronous bufferless OPS
and asynchronous OPS with FDL buffers new methagl imtaoduced. The idea is to
isolate service classes by employing access-resiricto input wavelength
converters and buffers. Basically on this assumptidbombined Wavelength
Allocation and Threshold Dropping (WA/TD) technigweas introduced. This is
modification of described above WA algorithm. In WA method each service
class belongs to one of two levels of QoS. A furttiéferentiation is achieved by
adding threshold dropping in the buffer. When théfdr occupation is above the
threshold, the packets from lower-priority class discarded while the other packets
are accepted until the buffer is full.
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3.3.3 QoS differentiation schemes based on preemption

All preemptive techniques base on the assumptianhadt free resources are
available to all traffic. “When all resources aa&dn, a high-priority packet may take
over (preempt) a resource currently occupied bywapriority packet, which is then
lost” [@ve06b]. However low-priority packet canrmeempt any packet with higher
priority. This solution results in lower Packet koRatio (PRL), even when average
value of given resources are available to highrpiyigpackets. In Preemption Drop
Policy method the packet with higher priority canlbst only when all wavelengths
are occupied by packet with equal or higher piyorit
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CHAPTER 4

METHODOLOGY

The purpose of this study is to present qualitative quantitative comparison
of methods of analysis, evaluation and providingalipy of Service suitably for
Optical Packet/Burst Switched Networks. The maisktes to show and evaluate
differentiation schemes that fulfill requirements @oS. In order to ensure such
results this study basis on common research melbgylahat was used for example
in [@ve05a). Presented differentiation schema swated in two ways, firstly using
teletraffic analysis an analytical model is estiadatand at the same time a discrete
simulations is being performed. The process ofae$eincludes several steps:

Fvaluatior SIMULATION
"""""""""""""""" RESULTS

!

SIMULATION  <--

HYPOTHESIS —» OYSTEM

MODEL !

4 :

: ANALYSIS «-:
_______ Fvaluatior ANALYSIS
RESULTS

Figure 4.1 The methodology used in this thesis.
Hypothesis

As indicated before the main goal of this studyoigerform comparison of
QoS differentiation schemes. The main questiorhi work is “What is the most
suitable QoS differentiation scheme according ® RLR?”. Based on this several
solutions have been proposed and for each botlysisand simulation have been
performed. For purpose of this work three approacbethe differentiation scheme
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has been evaluated. The main hypothesis includésjusstion as well. The
algorithms presented in next chapters are evaluaiddseparately and together with
each other. The individual analysis of those methedeing made with the object of
qualifying whether the algorithm fulfill QoS diffentiation requirements, or not.

System model

The system model design process has been madeyirthat provides all
essential features of both the network architectanel differentiation scheme
mechanisms. The construction basis on informalupest and descriptions, which
allow indicating all issues that have an impactemaluating the hypothesis. This
approach give the opportunity for better understamthe main problem as well as
the necessity of using specific tools.

Examination method

In order to get more representative results theothgsis is evaluated in two
ways. All differentiation schemes are simultanepusialuated using teletraffic
analysis and performing simulations.

Analysis concern models build based on teletraffeory. Those models can
be found for example in [Gro74][Kle75][Kle76][lveR9nvestigation the hypothesis
with teletraffic analysis has some limitations dtilee complexity of analytical
calculation, so some simplifications of the modas been assumed. Specifically, the
aforementioned simplifications are as follows: ghehl analyses basis on simplify
traffic model, because obtain results for more dempnodel could be impossible.
For analytical research we assume Engset ArrivadléiloFurthermore we concern
specific network architecture and switch model: aaynchronous optical packet
switch with full wavelength conversion and no imi&r blocking, which is suitable
both forAsynchronous OPS and OBS with Tell-And-Go Schedaleme This two main
assumptions let us to limit the considerations arehsure the traffic behavior on
single output wavelength.

Based on the system model simulations are perfarf@dthe simulations an
application has been implemented: OpticalSwitch&tmn. This tool is dedicated
to verify the statements which appeared in thiskwas well as to address the need
of presented model.

Results

Results from analysis and simulations are firstig to validate the model and
then to evaluate the hypothesis. The analyticduetan is based on the same traffic
family model. However in order to evaluate the Hjagsis analytically and obtain
proof some simplification were made. The simulatresults includes two stages.
First step verify the statements from analyticacdssion, as well as allows us to
prepare the proposed algorithms for stage two. Heesobtain the best values of
each algorithm parameters according to PLR. In rsécetep comparison of
algorithms is being performed, based on the re$din stage one.
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CHAPTER 5

QOS DIFFERENTIATION SCHEMES AND ALGORITHM FOR
OPS/OBSNETWORKS

In previous chapters some very important issueslioptical networks were
introduced. Presented overview of the QoS diffeatioh schemes and methods of
teletraffic modeling indicated many problems, whicdlccur while performing
network architecture. The main purpose of this wtigdto show qualitative and
guantitative comparison of differentiation schernpesviding Quality of Service in
Optical Packet/Burst Switched Networks. In ordepéoform reliable simulation and
get representative results we introduce analyticatlel of the network and QoS
differentiation schemes suitably for OBS and OPS.

51 Main task formulation

In this paragraph we formulate task of providing Qdifferentiation in
OPS/OBS network. However, before introducing thanngoal of this thesis, an
introduction to providing service differentiationlMbe performed.

5.1.1 Task of providing QoS in OPS/OBS networks

The general task of providing differentiation Qo$ aptical network is
formulated as follows: For given network architeetuarrival model find the
algorithm of decision making in switching device &@ptimize chosen quality
parameter. In presented study this problem is browg perform comparison of
algorithms based on chosen QoS differentiation reelse As indicated before QoS
can be considered basis on several parametergriitial quality parameter that was
chosen to deliver qualitative and quantitative cangon of QoS differentiation
schemes and algorithm is PLR. As will be shownaiter chapter considering the
PLR is the natural consequences of proposed saitdmetwork architecture.

24



Table 1 presents the formal task formulation ofsthhesis. All chosen
elements based on literature’s research and thigigason will be introduced in

chapter 3.
Bufferless optical Arrivals : QO.S . . Analytical | Simulation
network differentiation Algorithm
model model model
schemes
Engset Based on access Wavelength| Paragraph| Paragraph
traffic restriction Allocation 5.3.1 6.2.1
Asynchronous model
OPS/ Based on Preemptive | Paragraph| Paragraph
i - ti d li 5.3.2 6.2.2
OBS with Tell The Poisor preemption rop policy 3
And-Go Schedule ) .
arrival Drop-based Intentional
scheme Paragraph| Paragraph
model access Packet
. . 5.3.3 6.2.3
restriction Dropping

Table 5.1 Task formulation of providing QoS in @gtiNetworks with
differentiation schemes.

5.1.2 Comparison of the task of providing QoS in opticahetworks and
analogous task in wire and wireless networks.

The idea of assuring different levels of servicediferent users has become
a major concept in nowadays teletraffic theory. &bwer providing QoS in networks
is not a trivial task due to the complicated netvarchitecture. The main idea of
providing QoS is the same for all types of netwpidigt the task formulation is
different because of several reasons. First oftt@l domain in which data are
transmitted and the resulting network architectumd protocols, speed and capacity
have a great impact on study in this area. Somessare dedicated only for some
type of network. The main differences in formulgtimask of providing QoS
differentiation between optical networks and tradial store-and-forward are the
consequences of inability of using queue systenmaddel the traffic. In traditional
store-and forward networks queue algorithms in drgfican be used to isolate the
traffic classes. For instance study on Active Qubanagement can be found in
[Wyd02] or [Cri03], where all arrived packets atered in electronic buffer and
managed according to the decision made by the A@drithm by dropping and
reordering the packets in queue. This method isrecdmmended in WDM layer
because of two significant reasons [Yoo000]. Fifstlbin optical network in order to
process the packets electronically the O/E and &'@version must be used. Such
translation would increase the cost of switchingicke and data loss ratio. Buffering
could be made by using Fibre Delay Lines, but tieishnique cannot replace
electronic processing, because the data are detayéuk fiber of fixed length. If the
size of data to buffer are increasing, implementogue management algorithms is
expensive and complex.
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5.2 System Model

This section will introduce a detailed descriptmithe elements included in
testing environment. The system model is proviagedn informal way using draws
and text explanation due to assure the good uratelisty of mechanisms and the
way that environment behave. As mention before thesis address only some
subarea of providing QoS in All-Optical networksdasome limitations have been
introduced. The proposed architecture is constduictsuch way to satisfy both OBS
and OPS network requirements. For simplification wi# use term packets in
meaning both packet and bursts. The switch ardhitegs valid for OBS networks
with Tell-And-Go scenario and asynchronous buffgsl®©PS network. Presented
traffic model based on the Engset Lost Calls Chkkareaffic model presented in
[Ive02].

5.2.1 Switch architecture.

For purpose of this work an asynchronous opticakea switch with full
wavelength conversion and no internal blocking &ng considered, based on
research in [@ve05b]. As shown on Figure 4.1 tl@sick consist of M input and
output fibers, where each fiber provide N wavelbagtsing wavelength-division
multiplexing technology.
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L J Y
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- . mpet madu M M sovitoh fabric uipes ma lf _I“I
1 | |T:F_ i'-, — 1 = 1
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Figure 5.1 An optical packet switch with full-rangetput wavelength
converters placed at each output wavelength (fi@wep3a)).

Due to the fact that the device work in asynchrenmode the packet can
arrive to an input wavelength at any instant. lohsarchitecture the main concern is
reducing Packet Loss Ratio. The switch works aevicd: when a packet arrives its
header is being processed electronically whileghgload is buffered using Fibre
Delay Lines. Based on the information extractednftbe header the control module
decides which output fiber and wavelength the paateswitched to. Presented
architecture assumes, that the traffic pattermifotm, so on every output fibre the
load is the same. This assumption allows limiting tesearch to Packet Loss Ratio
on a single output fibre. Such approach has beaternmamost studies in this area,
for instance [@veO4a]. [MahO1]. Based on theserapsions we can introduce the
routing probability as shown on Figure5.2.
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Figure 5.2 Routing probabilities in the consideoptical packet switch
(from [@ve05b])

According to [@ve05b] we can denote following vates:
* Inputfiberal=a=N
* Input wavelength bl = b = M on input fiber
IF, asIW;, .y (1= (a—1)M < MN
 Outputfibercl=c=N
* Output wavelength dt = d = M on output fiber
OF.asIW,_y.4 (1= (c—1)M = MN.
» Physical input wavelengt®,, on which incoming packets are transmitted
» Physical output waveleng#h;, on which outgoing packets are transmitted

It can be noticed, that fés = d, the packets are transmitted on the same
physical wavelength and no convesion is need. 3fd the input wavelengt,
must be converted to output wavelenght

5.2.2 General traffic model

In this section a traffic model and arrival modell we introduced. In the
analyzed environment two service classes are ceresid low priority class called
LP and high priority class called HP correspondingls indicated before we focus
on the load on output fibre, which provides N wawejth. This consider fibre is
called the “tagged output fibre”. Each of this wiavgth can be accessed by the
packet from all M*N input wavelength. Presentedffitamodel is based on
[@ve05b], where study on traffic modeling and comgmn of arrivals models
suitably for OPS/OBS networks have been delivetadthis thesis we adopted
Engset Arrival Model. Using this pattern is reconmued by authors in
[Sto03][zha034.. However, in order to obtain analytical resulf proposed
differentiation schemes we will simplify this mod®id use Erlang Arrival Model.

Firstly we introduce traffic model without differgation the service classes
(the best-effort scenario).
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The packet service times random variables suchtliegt are independent from
each other and have the same probability distobut{independent and
identically distributed i.i.d random values).

Packets arrive on input wavelengiiV,,_,;y., : (1< (a— 1)JN+b £ MN)
according to Pure Chance Traffic type Two (PTCHiRe02]. This mean that
input wavelength is modeled as an on/off sourcshasvn on Figure 5.3.

@ @

Figure 5.3 Input wavelength IW(a_1)N+b modeledras@off source
[Dve07]

The effect of switching time is ignored. This asgtion base on the statement
in [@ve04d], where authors proved that it coulddsegarded if the switching
time is less than 10% of the packet length.

We denote the normalized system load in the svaitch

. 1 ¢MN

A= EZ':G—1:|N+.5:1 Hig—1Iw+b (5.1)
We denotef __,,,.,, as the offered traffic for packets arriving on ubp
wavelengthlw;,_,;,.y, in idle state andr;__,,,.., as the routing probability
that packets are routed framv,,_,, ., to the tagged output wavelength.

]

The traffic offered by input wavelengliv,,_,, ..., to output fibelOF _ is:

8 =ao=—- (5.2)

M{F+1}
The normalized system load on output fiJgr, is:

A=ME=— (5.3)

The arrival intensity for packets routed from inpevelengthiw,, ., t0
output fiberOF, is:

V=15 = (5.4)

The arrival intensity per idle input wavelengthtthautes packets to the tagged
output fiber is:

A= du (5.5)
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» The tagged output fiber is modeled as a one-dimeasMarcovian chain
shown on Figure: , where i is number of busy wawgtle:

W IM-1+1 MHN-1 MM-M+1
— —p

i (i+1) N
{Figure 5.4 Markov chain of the Engset Arrival Mbde

According to [IVEOZ2] if we denot&); as the probability of being in steie
the state probabilities are given as:

Tl ¥

o g
=j=pl _I |

where0< i< N (5.6)

Based on this we can deliver steady state equation:

MNY o (MN)! o (MN)! -1
Q. = ( i J‘E :[I»’I_'N—ij!i!ﬁ _ (MN -1 :Lj![i—l)![MN—i)iﬁ o
'- . [MNY . (MNy . [MNY
S5L(5 e ZE()e ()
_ 8
=
(5.7)
Based on Equation (5.7). we get:
(MN — )iuQ; = Q,_42 (5.8)

This equation can be simplified, when we assumiafarite number of input
wavelengths, and that packets arrive to outpuéfdFc according to a pure Poisson
process with intensity.

5.3 QoS differentiation schemes and algorithms.
5.3.1 The Wavelength Allocation algorithm

The Wavelength Allocation algorithm is based oneascrestriction methods
and the assumption, that a subset of the avail&sleurces is exclusively reserved
for higher-priority traffic.[Bjg02],[Che03] The aess restriction approach to
providing QoS differentiation scheme appear as dea iof differencing quality
service in optical networks together with reseamstoptical network performance. A
detailed study on wavelength allocation issues asu#ss restriction scheme can be
found in [Cal02]. The Wavelength Allocation Algdmh was developed for instance
in [Yan06][@ve03b], where authors introduced anefftmodels and in [@ve03a]
where simulations have been performed.
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In presented study two service classes are assuenédthe possible
conversion looks as follows. In each of M fiberssM\. from N wavelength are
accessible by both classes, while is N(N-n) is dedicated to service the class with
higher priority. According to [@ve05b] with full walength conversion all
wavelength are treated equally, and it does notemathich wavelength is busy, but
only how many is taken. When the packet arrivesh@noutput fiber it could be
processed in two ways dependently on the classcseinformation extracted from
header. If the packet belongs to class with higir@rity it can access one of the N
wavelength on the tagged output fiber, while thekpafrom lower priority class can
be switched to one of n (Nwavelength on the output fiber. Let Ime a number of
available wavelengths on the tagged output fibersuch case three situations can
occur:

e If n, 2n, all incoming packets will be processed.
* If n, <n, only packet with higher priority will be procesise
* If n, =0, all incoming packets will be discarded.

The WA algorithm is modeled using Marcovian charmpeesented on Figure5.5.

G+ O Clgg+ Cfp g+ O

S o

(n-1ju n (n+1ju

Figure 5.5 The state diagram of WA algorithm (fr@ag03a]).

Like in before considerations, being in statenfg@an that i wavelength are
busy. In this case if | is state probability, steady state equation arergas follows:

w-Q. = (ag+a;)-Q,_; wherel=i= (5.9a)
Q.= ayQ._y wheren+1<i < (5.9b)
Where
N _
=0 Qi — (510)

because system always is in some state.

Based on equation the state probabilities are:
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oyt ey i 1 .
[h ] =0, where 1< | <

—_ . H 4 il
Q= (c—*a—c:-u]'“' | (ﬁ]i-n 1 e (5.11a)
. i £ vy S il & ) - 7=
Q. =[Tro () Lo () L ()] (5.11b)

According to the Equations (5.10) and (5.11) arel/jmus discussion we can
obtain PLR for both classes:

* The high priority class is lost only when the sysis in state :, so

PLR , =( (5.12)

* The low priority class is lost only when the systmnin state from :to
{, SO

PLRE, =TI, 0, = Qy + Ti51 Q, = PLR, + B! (5.13)

From Equation (5.13)it is clear thatPLR, < PLR{, what mean that traffic
from higher priority class are better threated #rel probability of losing packets is
lower. Moreover, if n=N the PLR are equal for botasses, what refers to the best-
effort scenario.

Presented schema can be expanded for more thasemwite classes. For
instance if the network provide M service clas$esgach of class we align certain
number of wavelength as shown on Figure5.6

N
( ':q\
e .
Highest .
Priority Priority (G
Class M Class m Z :
< <M o o o L]
(1<m<M) Lowest :
Priority 1 .
Class 1
\ N

Figure 5.6 Wavelength alignments in network withltiraervice-classes.

5.3.2 The Preemptive Drop Policy algorithm.

The Preemptive Drop Policy based on the assumptiahall free resources
are available to all traffic. The preemption occwigen the high-priority packet take
over the wavelength currently transmitting the lpmerity packet, and no other is
free. The idea of preemption shown on Figure 517 lead to following possible
situations, when packet are lost:
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» The LP packet is being transmitted while HP packeive. The LP
packet is drop and the HP packet take the wavdidisguation (a)).

» The HP packet is being transmitted while LP packeive. The LP
packet is drop. (situation (b)).

» The HP packet is being transmitted while HP pacaaive. The
incoming HP packet is drop. (situation (c)).

HP packet HP packet

LP packet EHP packet

—>
o R
-V
—»
>
-V

.

(a) (e

LP packet Lost
; Transmitted
:HP packet fragment
| P =
? f f t Transmitted
he L hy

(b)
Figure 5.7 Possible preemption scenarios with PDR({Jve03a])
The idea of this approach is to introduce a paramethich describes the

probability of success preemption. Lt @ < p = 1 be the probability of success
preemption, we can now observe following situation:

* For p the packets form higher priority class will not bBble to preempt
wavelength serving lower priority traffic. It is @hsituation in best-effort
scenario.

« For p:the packets form higher priority class will alwgyreempt wavelength
if only it is serving lower priority traffic.

* For 0= p we can control the level of PLR for higher prigritraffic.
However, with probability 1 the preemption fails.

The Preemptive Drop Policy algorithm is modeledngsiwo-dimensional
Marcovian chain as presented on Figure 5.8. Thergéisystem state in one time
instance is a pair of states(S%,5%): i + j = )where £mean that i wavelength are
currently occupied by high priority packets, ananean that low priority packets are

being transmitted on j wavelengths. According te #tate diagram at any time
instance if all wavelength are occupied and attleas is transmitting low priority
packet the high priority packet can preempt withbability p.
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The lost state occurs whert +j =, so at the begin we introduce unit step

, 1 if x
Yo T 0 if x

The steady state equation for each node in theahags given as follows:

function:

I

(5.14)

Q.- [(L il ey + a;} = '?:—1_-' I T ':?:—1_-' . [(L + lj_u} ford =i+
(5.15a)
Qi (prag -y +Nu = Qi PR Ul TN T for i+j= (515b)

PIRIND Vi o A (5.16)
According to the Equations (5.15) — (5.16) and jmesv discussion about the
preemption probability we can obtain PLR for boldsses:

* The high priority class is lost only when all waetegith are occupied by the high
priority traffic or when the preemption fails, so

o e @5 o L._ﬂu‘l PRy Qi 1
PLRE,, =X e = 0 A BN 1 - p) - Gy (5.17)

G L--_::;\- L-_.'::;\- @i J

* The low priority class is lost only when the systsnn state from .to ., so

ap Oy ot D ey # pray )0 v M- oy
PLR},p = ﬂ,: -ro IVl =Quo + X (L +p ﬂ,_h) - Qi (5.18)
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No loss state

LP loss state

HP and LP loss state

Figure 5.8 State diagram of the PDP (from[@ve03a])

From Equations (5.18) and (5.19) it is clear thakLRZ,, = PLR; for
0 = p = what mean that traffic from higher priority claa® better treated and the
probability of losing packets is lower. Moreovdr, iz =the PLR are equal for both
classes, what refers to the best-effort scenario.

Presented schema can be expanded for more thanséwadce classes.
However, the dimension of Marcovian chain is slyicbnnected with the number of
class service. For instance if M service classesldvbe provided, the state diagram
is represented by M-dimensional Marcovian chainatwhake it very hard to obtain
analytical results.

5.3.3 Dropping based QoS differentiation scheme

Dropping based QoS differentiation scheme basedhenassumption that
low-priority traffic could be dropped before reantpithe output fiber with a certain
probability. At the output fiber packets are treaequally and only loss can be
caused by contention. The algorithms of differémia scheme based on dropping
were introduced in [Zha03b] [Che01]. In this thesis will consider the Intentional
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Packet Dropping algorithm, which basis on the galressumption of this scheme.

The main idea of this scheme is shown on Figure 5.9

Figure 5.9 Traffic model for Intentional Packet Pping (from [@ve06a])

The packets from lower priority class are intengibn dropped with some
probability denoted ad: 0 < d < 1, which mearaf = d- a; is lost and to the
output fiber arriveszf = ({1 —4d)-a;. It is very important to underline, that if
d = 1all lower priority packet are dropped and fdr= 0 all packets are threated
equally. This algorithm is probably the simplestifferentiation method [Nor03]
due to two reasons. Firstly there is no reasorolidaining system state information
for the switch. Secondly it requires only implemegtdropping module in the
switch.

Following the [@ve06a] we get the statement “Sitlee arrival processes for
class 0 and class 1 traffic follow a Poisson precexcording to the splitting
property, the resulting process after the drop rmem is also a Poisson process”.
Moreover following the statements in [IVEO2] acdogito merging property we can
denote that final arrival process to the outputefits a Poison process with total
intensitya,; + af. Both properties with explanation can be foundIWVEO02]. In
order to evaluate the Packet Loss Ratio we intredine Erlang Loss Formula
(named also Erlang B Formula). The Erlang B Fornaslsumes an infinite number
of sources (in our case sources are the input wagt), which offer traffic to N
resources (this refers to the N output wavelengtbansider model). Furthermore,
because of this assumption the rate of arrivalsesv incoming request is constant
and equal td\.. The rate of outgoing serviced request is equalht number of
currently processed times by packet service timeowel asi™!. The Erlang Loss
Formula is used in loss system to calculate thekihg probability. In loss system
we assume that, if a request cannot be servedcat dwme to the lack of available
resources, it is lost.

The Erlang Loss Formula is given as:

£
E(4,N) = v &

i=0g1

(5.19)
Where:
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» E is the blocking probability
* Aisthe normalized system load
* N is the number of resources (output wavelength)

As mentioned before the loss probability is depehdmn the contention,
which can be evaluated using Erlang Loss Formufaliowing way:

* The PLR for packet from higher priority class iskated as follows:
I-a-d+agﬂ N
\ i !

PLRE, = E (S5 N) = — 5 — (5.20)

£

* The PLR equation for packet from lower prioritysdas:

GI.H+|SI.LE

NEd+(1—-d) —E—  (5.21)

I ( egtar®h

PIRf,=d+ (1-d)-E
Ti—7
From the equations (5.20) and (5.21) followingesta¢nts are concluded:

« If d=0 PLR},; = PLR},,, What refers to the best-effort scenario.

e |If d increases PLRIL, = PLRL,,, so the packet from higher priority class
experience the lower Packet Loss Ratio.

« For d=1 all low priority packet are discarded befogaching the output fibre.

Presented schema can be expanded for more tharsdwie classes by
adding loss probability for each traffic class. Hwer, the study in this subject
require precise research and tests in order tosehappropriate probabilities for each
class. This schema can be also used in providisglaie end-to-end QoS, which
was studied in [Zha03b][Und04].
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CHAPTER 6

SIMULATIONS OF ALGORITHM PROVIDING  QOS DIFFERENTIATION
IN OBS/OPSNETWORKS

In this chapter simulations will be performed inder to present the
gualitative and quantitative comparison of algarghintroduced previous according
to the Packet Loss Ratio. Performed simulationkides two steps:

* As each of the presented schemes has the steamgeter, we will firstly
simulate each algorithm separately in order to skothe best value for the
attribute.

* In second step we will compare all three algoritimith each other based on the
chosen crucial quality parameter — PLR.

6.1 Simulator

The engineering of networking is one of the maicubdomains in nowadays
computer science. The need for testing and devagogifferent tools, mechanisms
and ideas, that could improve delivering serviassed that nowadays we have a lot
of available simulators and applications. The nmgbular network simulators are
ns-2 [Isi08], OMNet++[Omn08], etc.. However, as rii@m before the limitation of
this thesis as well as the assumptions allow uss&protocol independent discrete
event simulator. Nowadays there are a lot of soolst for example Matlab [Mat08]
or DEMOS[Dem08] (Discrete Event Modeling on Simulldpwever for purpose of
this thesis we decided to implement own applicatiime detail description can be
found in Appendix A. All simulation described inishchapter are performed with
OpticalSwitchSimulation tool.

6.2 Algorithm’s analysis

The first step in simulation process is to perfah@ analysis of the impact of
steering parameter in each algorithm on the Pdobe$ Ratio. Several simulations
have been run until we obtain desired level of emmence and the representative
results.
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6.2.1 System model

In order to perform convenient and representinglte®of the simulation for
each algorithm we assume the following:
* Number of input fiber 10.
* Number of wavelength per fiber 20.
* Number of simulation step 15000.
* The number of simulations for each parameter 15.
» The traffic model is based on the Engset Arrivalddiantroduced in chapter 5.

6.2.2 The Wavelength Allocation algorithm
For simulating the WA algorithm we assumed that awvelengths can be

access by both priority packets. This mean that mlthe share of both classes.
Figure 6.1 the dependency of PLR for each classaaable n.

000045 4
00004
0.00035 1
00003
F0.00025 —4—PLRLFP
i |:1:ll|:!z . _._PLR HP
= AVG
0,0001%

00001 -
0.00005 4

g -

0 5 10 15 20
shate wavelength n

Figure 6.1 Function PRL of variable n for the WA@iithm

As can be seen on Figure above PLR for high pyialdss traffic decreases
as the n decreases, which is because more rescamrea®served exclusively to
higher class traffic. Moreover, the average Patkst Ratio increases with growing
n. If we compare this situation to the best-effecenario it is easy to notice the
statement that implementing this schema to optedlvorks gives worse overall
results according to the PLR. However for the farthnalysis and comparison of
differentiation schemes algorithms the n parametes set on the number of 14. The
average results after performing certain numbesiofulations can be found in
table 6.1
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Number of
shared 10 11 12 13 14 15 16
wavelenght
HP arrivals | 191018 | 191018 | 191018 | 191018 | 191018 | 191018 | 191018
LP arrivals | 191324 | 191324 191324 191324 191324 191324 191324
a-rrr?\;[glls 382342 | 382342 | 382342 | 382342 | 382342 | 382342 | 382342
Total lost
HP packet 34 30 28 28 25 19 17
Total lost
LP packet 33 35 40 43 50 64 78
PLRT | 0,000173 0,000183 0,000209 0.000225 0,000262 0,000335 0,000408
PLRLY | 0,000178 0,000157| 0,000146 0,000146 0,000131 9,93E-05 8,89E-05
PLR®¢ | 0,000175 0,00017| 0,0001780,000186 0,000196 0,000217 0,000248

Table 6.1 The average results after perform 15 Isitiom
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6.2.3 The Preemptive Drop Policy algorithm

For simulating the PDP algorithm we tested the Bckss Ratio by manipulating the
preemption probability parameter. The higher thebpbility was the often the preemption
occur. However, as the preemption take place ohlgnacontention on the output wavelength
occur the average PLR is on almost the same |&uglire 6.2 presents the dependency of
PLR for each class on preemption probability.

LE

0,0006
0,0005
0,0004

“0,0003
0,0002

00001

o

0 0,2

04

0.6

N

0,8

preemption probability

1 1.2

—4—FPLRHP
—B-FPLRLP

AVG PLR

Figure 6.2 The PDP as the function if preemptiarbpbility.

As can be seen on The Figure 6.2 the preemptive Puadicy algorithm fulfill the
expectation of quality differentiation. The loweraffic decrease with increasing the
probability of preemption. However, as the preeomptiake place only when contention on
the output wavelength occur the average PLR is lorost the same level. The average
numerical results can be seen in Table 6.2.

Preemption

%

i 0 0.2 03 05 07 0.9 1
probability
HP arrivals 191018 | 191018 | 191018 | 191018 | 191018 | 191018 | 191018
LP arrivals 101324 | 191324 | 191324 191324 191324 191324 1911
Total arrivals | 382342 | 382342 | 382342 | 382342 | 382342 | 382342 | 382342
Total lost HP 34 38 36 28 19 16 2
traffic
Total lost LP 33 30 54 74 99 08 100
traffic
PLRF 0.000178| 0000199 0000188 0000147 9.95E.05  S(BBE- 1.05E-05
PLRC 0000172 | 0,000157 | 0,000282 | 0,000387 | 0,000517 | 0.000512| 0,000523
PLR® 0.000175| 0000178 0000235 0000267 0,000308  0YE020,000267

Table 6.2 The statistics of PLR with PDP algorithm
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6.2.4 The Intentional packet dropping algorithm

The third approach to service differentiation issdxh on dropping scheme. The
Intentionally Packet Dropping scheme also addressréquirements of QoS. However, the
main disadvantage of this method is possible uriieedion of resources. As the lower
priority packet can be dropped although there sxdtee wavelength on the output fiber.

1,2

, —4—PLRHP
0,6
/ —B-PLRLP

a4 / AVG PLR
) .-_J‘__ﬂ_,/
0 F—F—Fr—17 '

I B y = 1
a a2 0.4 0,6 0.8 1 1,2
dropping probability

Figure 6.3 PLR function of the dropping probability

On Figure 6.3 the dependence between PLR and ggodropping probability. We
can easily notice that witch increasing value o frarameter we decrease the lower priority
traffic. Moreover, the PLR for high priority packes stable on the same level. The average
numerical results can be seen in Table 6.2.

D 0,1 0,3 0,5 0,7 0,9 1
Hp 191018 | 191018 | 191018 191018 191018 | 191018
Lp 191324 191324 191324 191324 191324 191324
Total 382342 | 382342 | 382342 382342 382342 | 382342
Losth 54 90 17 30 30 43
Lost1 102 443 823 7888 95976 191018
PLRH | 0,000534| 0,002319 0,004308 0,000157053 0,000157 00245
PLRL 0,000533| 0,002315| 0,004302| 0,041228492| 0,501641| 0,940812
PLR 0,000408| 0,001394 0,002197 0,020709208 0,2511 89670

Table 6.3 The statistics of PLR with IDP algorithm
6.3 Comparison of the presented schema
Previous section presented the numerical evaluatifopresented algorithms that

support providing Quality of Service based on défeiation schemes. Received results allow
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to compare those three approaches to QoS. Tableré&sénts the numerical values of Packet
Loss Ratio for each of mechanisms.

IPD PDP WA
PLR" 2,47E-04 0,000196 0,124878
PLR" 0,000306 0,000165 0,186461
PLR®¢ 0,000247 0,000248 0,001212
Table 6.4 The comparison of the WA, PDP and OPDrélgn according to PLR.

Comparison of presented schemas is not a triveék. t@n one hand we have Packet
Loss Ratio as a number, so theoretically it wouddabsimple decision, what differentiation
schema is better to use. On the other hand, pesseqproaches do not address all issues
existing in Optical Networks. Nevertheless, basedesults obtained in this chapter, we may
say the following statements.

» According to Table 6.4 the Preemption Drop Poliey &lgorithm gain the best results
with the lowest Packet Loss Ratio.

« The Wavelength Allocation and Intentional Packefping algorithms may cause
underutilization of available resource, becauskegiping stand-by wavelength in WA or
due to the lack of awareness about the state guubfiber in case of IPD method.

* Regarding the service provided to traffic classmfrdable 6.4 we can see that
PLRE, . < PLR{, and PLRE,; < PLR}.,, So implementing PDP results in lower Packet
Loss Ratio for both classes of service when comgaNA and PDP algorithms

» Comparing PDP and IPD we can see, ##5, < PLRZ,;, but PLR:,. = PLR[;,, SO
it could be say that implementing Intentional RedRropping rather improve the service
provided to the higher priority traffic, than differaffic into classes.

CHAPTER 7

SUMMARY
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The purpose of presented study was to investigagdegiven opportunities with
optical networking with an object of providing Qialof Service. The main hypothesis of
this work will be now evaluated, as well as we gihe answers to research questions
presented at the beginning of this thesis.

7.1 Hypothesis evaluation

The main hypothesis of this thesis wa&/lat is the most suitable QoS differentiation
scheme according to the PLR?” Presented work iesludoth analytical and empirical
consideration in this. According to performed re@skan chapter 5 and 6 the answer is not
simple. As mention before Optical Networks are ¢aggea of research, especially that the
nowadays technology cannot address most of theeme$ concepts. Moreover each
differentiation scheme provides only the generaraew of the differentiation mechanisms,
and many implemented algorithms are being testeabtnidentical environment. However,
based on this study when we limited to presentestesy model, we can claim that
differentiation scheme based on preemption is mostirate for providing QoS in Optical
Packet/Burst Network, due to several reason:

. Comparing to others scheme based on preemption dugs cause the resource
underutilization, which is great advantage whileaarning the growing demands on internet
services.

. This scheme based on the idea of sharing all ressuretween different service classes, so

does not need complicated mechanisms of accesitioator resource allocation. However,
the mechanisms that service preemption require rpoveessing in comparison to others
presented in the work.

. Performed analyses shown, that algorithm basedreenmption decreases the crucial Packet
Loss Ratio parameter both for low and high priocityss.

7.2 Conclusions

Research Question 1What are the main differences while implement@gS in
optical networks compared to the wire and wirelestsvorks?

Providing Quality of Service in networks is notrevial task due to the complicated
network architecture. The main idea of providing Qs the same for all kinds of
telecomunication networks, but the differenceststathen the network type is chosen. First
of all, the domain in which data are transmittedl dhe resulting network architecture
including protocols, speed and capacity have at gmgaact on study in this area. Some issues
are dedicated only for some type of network. Thénndiéferences in implementing Quality
of Service between optical networks and traditiosébre-and-forwvard based on the
consequences of inability of using queue systemmddel the traffic. Transferring data in
optical domain causes the problems with processieg in switching devices, due to the
lack of optical RAM. As the nowadays technology has answer for this issue the
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packets/bursts are processed electronically weghGHe and E/O conversion. Such translation
increases the cost of switching device and data daso, as well as the complexity of used
tools. Moreover, the next generation optical nelsarvould work only in optical domain, but
this introduces new protocols, routing mechanisets, what make the differences even
stronger. The other important difference is faett tthost of the research in optical networks
are only theoretical and have not been testedarrdhlity. However, the quickly developing
technology may give the tool soon.

Research Question 2Which algorithm based on differentiation scherveg the best
results according to the packet loss ratio?

Performed analyses and simulation, as well as iteeature survey indicated that
choosing the differentiation scheme has great impaensure QoS in Optical Networks. On
the other hand choice of type of service, whatigguphrameter are being under consideration
and the network architecture impacts on the modehe differentiation scheme as well.
Moreover, it should be underlined that the diffél@ion schemes present only the idea of
mechanisms of providing QoS.

This thesis focuses on three differentiation sclenarel for each we have chosen an
algorithm that realizes the mechanisms:

* Based on access restriction with Wavelength Aliocaalgorithm,
* Based on preemption with Preemptive Drop Policypalgm,
» Based on dropping wit Intentionally Packet Droppahgorithm.

All three algorithms were investigated in orderdbtain analytical and numerical
results according to mineralize Packet Loss Ratio.

Implemented Intentionally Packet Dropping algoritisnone of the simplest, due to
the fact, that it only adds decision module, whvali drop low priority packet with some
predefined probability. This has both advantage disddvantage. This algorithm gives the
simply tool to introduce the QoS differentiatiortarOptical Networks, but on the other hand
may cause the resource underutilization, due tolabk of awareness of the state of the
system, when packets/bursts are dropped althougblersgth on the output fiber is available.

The Wavelength Allocation algorithm is also simpdyimplement, as the switch only
need to count currently busy wavelength and thekgidwurst priority that is being
transmitted. This requires less processing in #nce, but caused the situation where low
priority packet id being discarded, because no Vesngh from shared resources are
available, although there are free resources atighe higher priority traffic.

The Preemptive Drop Policy threats all resourcesally and if possible give the
available wavelength to the arriving packets/burste higher priority traffic has, however,
the power to take over the resources from loweorpyi traffic. This algorithm has several
significant advantages. Firstly all wavelengths available to all traffic classes, what gives
better resource utilization. According to performeathlyses it gives the best PLR for both
classes. However, evaluating this algorithm for entitan two classes is a complex task.
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Nevertheless, it can be implemented to serve asyatenumber of service classes.

All presented algorithm have both advantages asdddiantages, but if we focus on
the minimizing PLR the best results were achievedreemptive Drop Policy.

7.3 Further work

The All-Optical Networks are now in very early stagf developing, due to the limits
of nowadays technology, such as lack of switchirgicks that work in optical layer. The
idea of performing research in this domain is tartsthe study with basics concepts and
successively addressing new issues or featurespt€aD Network. As the good start for
investigating this area of interest we begin witbyiding QoS, which seems to be to be a
crucial issue in next generation of Optical NetvgorBue to the fact that there are many
issues related to the optical networking, the fmrtiork in this area could consider different
directions. A good idea could be considering thateotion resolution problems and their
impact on already presented state-of-art.

The purpose of presented study was to investigp@titzen opportunities with optical
networking with an object of providing Quality oé&ice. The main hypothesis of this work
has been evaluated, as well as we have given theeas to research questions presented at
the beginning of this thesis.
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APPENDIX A

THE OPTICAL SWITCHSIMULATION

The OpticalSwitchSimulation is an application impknted in Delphi. In the
application we can set parameters on the switch, siimulation length (steps) and the
parameters of each algorithm. Meanings of the parars were described in chapter 5.

After launch the executable file the main windowpears, as shown on Figure 2.
Figure 2. The main window of application Optical&simulations

}F-“ Opticalswitch3imulation

Number of fibers I 10 «— 1

Murnber of wavelength per f|2EI «— 2

Simulaton lenght: 5000 > 3

Traffic Model cutput file:  [Choue—— 4 EERETED @

Traffic Mode! input file: |c::hin +«— 5 Laad 7

WA Algorithm PDP Algorithm IPD Algorithm

Reserved wavelenghts Preemption probability Dropping probability
T «—— 3 T w—— 9 T —
10
Path. ||::"u +«— 49 Simulations | «— 11

The components description and limits:

1. Number of input fiber (refers to M in chapter 5erférmed simulation shown that the
best value according to the time of simulationQds 1

2. Number of wavelength per fiber should be less tt@h

3. Simulation length is number of step in simulatidhe step is an instance of time, where
the system can change its state. Limit to 15000

4. Traffic Model output file is the path to the file which the traffic model are saved.

5. Traffic Model input file is the path to the filedim which the traffic model can be loaded.
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6. Load button runs the procedure of reading theitrafibdel from file.

7. Generate button runs the procedure of creatinfjdnaiodel. The procedure basis on the
model introduced in chapter 5.

8. The WA parameter — the number of wavelength aviglédy lower priority packets. This
number cannot be greater than total number of duwtwvelength and if it is equal the
application runs the best effort scenario.

9. The PDP parameter — the probability of successypéden in % (value from 0 to 100). If
it is equal to 0 application runs the best effoargario

10.The IDP parameter — the probability of dropping kbver priority packet. in % (value
from O to 100). If it is equal to O application suthe best effort scenario

11.The Simulation button runs the simulations withvozasly set parameters.
12.The path to simulation destination folder.
The output file for each simulation is in cvs fotraad contains following result:

* Number if arrived packets with high priority
* Number if arrived packets with low priority

* Number if dropped packets with high priority
e Number if dropped packets with low priority

In order to perform plots the data should be ct#iéenanually from each of the simulation.
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