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Abstract

All-optical networks (AON) based optical burst switching (OBS) promise to be the
ultimate backbone network technology solution for next generation(NG) as well as fu-
ture generation (FG)networks because of their relatively higher resources utilization,
great flexibility at lower cost and potential massive bandwidth capacities both at trans-
mission and switching levels. By design, buffering is not provisioned in interior nodes.
End users exchange data with one another through end-to-end light channels, called
lightpaths in which wavelength continuity is maintained. In practice, their establish-
ing, in a cost effective manner remains an inescapable challenge. The routing and wave-
length assignment (RWA) problem entices successful establishment of a physical route
for each lightpath connection request, assigning a wavelength to each route and at the
same time ensuring end to end continuity, subject to the limited number of wave-
lengths. The wavelengths must be assigned such that no lightpaths can share the same
wavelength simultaneously on a given fibre, or else contentions may occur. Some data
bursts may be discarded whenever contention occurs among multiple bursts that arrive
simultaneously at any interior node using the same wavelength and are intended for
the same output port. Because of the buffer-less nature of OBS networks, conten-
tion/congestion in the core network can quickly lead to degradation in overall network
performance at moderate to high traffic levels due to heavy burst loses. In this disser-
tation we propose and evaluate a congestion management approach we refer to as “en-
hanced congestion management" which gears towards rendering and guaranteeing a
consistent QoS as well as rational and fair use of available network links. Simulation
results show that the scheme can effectively minimize both contention and congestion
and at the same time improving both throughput and effective utilization under mod-

erate to high network traffic loads.



Table of Content

Declaration .......ccciiiiiiiiiiiiiiiii e s ii
BT T TMUETI x5 5 5 5850 % S 5% 0530 5 0 50 8 iii
ADBUTECEu snmsussucununnimsnucsmnssim snwen s rsmss oemisnss s 66w 65 08 080 55105 XS B8 50 63 EU UM FSAA ENS I iv
Table of CODTENE wu s anussomummmnsssimsaon s aimssmuos s et oo es o s s o s s ias s v
IS IR T 5t oo i B o A A A S A B Sl ix
Lo OO —— xii
LAST OF ACTOIYINS 1vvvvrrvrevsreessisesessssssessssesessesesessssessssesessssessssssessssssesssassessessssssnsesessns xiii
Chapter 1. INtroduction .........coviiiiiiiiiiiiiiiiiiiiic 1
1.1 Transmission and Switching in OBS networks........ccooevvviiiininniininninnnn 2
1.2 Q0S5 Challenges v wuumsssas o amsssmsssssnos asssminsnen axsasvassssios s svisson sos ssvassssses sees 4
1.3 Congestion and Contention in OBS networks........cccccvviiiiiiniiiiiinnnninnnn, 5
1.3.1 1T - 6
1.3.2 KRNI 0l SR o 5 il Bl R o R T 6
1.4 it ORI wav..o i st ot o en Rl i R s Pl ol b 8
1.5 Orverall Reseamiol Ol cobTvies oeoes s oo s m oo o s oo o0 55 66 1550 02 5308 05 9
1.6 G R o BRSPS —— 10
Clhiapier 2. DS TN eEmvmurkes UHTatmmeom » e m oo s s s o imm s 55 0 55500 55055 00 559 555 55305 45 12
2.1 Evolution of Optical Transmission Networks .......cccoecevvviiniiiniiiiicninincnnn. 12
2.1.1 DWDM Based Optical Packet Switching (OPS) ...ccoovviiniiiiiniiniiinnens 13
2.1.2 DWDM Based Optical Circuit Switching (OCS).....cccoevviiviiniiiiiniiinnnns 14
2.1.3 Opiical Label Switehting (OB ). oo v missinssssismiimiinives rmssimiion e smessasiioess 15



2.1.4 Optical Burst Switehing (OB8) e v svmssssrens ovs smsasesssow ons oxmpssowsos ompmsssson an 17

22 OUS, OBE and OPS Cotipaiiamn. e e ety st sy eioms 18
221 Hardware Bequlretionl ... ..coocvsimisimimmiommssosssisnisismssinnsssianasinsss 18
222 IORRRRRER ot S S e TS A S R i TS 20
2.2.3 P e TN N s s s s s s s 500 09 45 S 9 5 SR 6% 19
2.2.4 Processing Cormplentily s ssssas s s somms o s 5505 i Sasssisms 18
225 SATENE 5 OO ssusussmasssnsustsvonsnsoe 5603 955 A A SRR 20
23 Bt A TS AN R B imcsispaw st v s e i e S e R % 21
2.4 Challetiges 16 B8 NopMoiles soomssmomoms i outesnisns o wasoms s 22
2.4.1 Biltovlhiien Probaillilig. . i i i ol 22
2.4.2 TN TN .5 i it 0 5 555 57 578555 57 53 5 S 578 8 595 5 23
2.4.3 UM TR, 550 555 s s s o o 5 i v 55 550, 5,5 3 5 555 50 R 8 59 5088 55 23
2.5 ST 11 1T: 1, PR 23
Chapter 3. Burst Assembling, Signalling and Scheduling............cccccooviiininninn 25
3.1 OBS Node Architecture OVerview .........ccceeececeeeeeeeenneireeeesenereeeeeesanneeeenes 25
3.1.1 D W e N W e e s o ot o e A Y A TR 27
3.12 OBS Intermediate Core Nodes.......ccuuueeeiiiiiiiiiiieeiniiieieeeeeeee e e 27
3.2 Bk AnsprlbIE .. oo ima s s S sens i inss aoi 28
32.1 Traditional Burst Assembling Algorithms .......cccocooiiiiniiiniiin. 30
3.2.2 Other Assembly Approaches s s s sssnnsor o s mom o 32
3.3 Burst Reservation Protoeols:cuwmsssssas v asommsnmon s ssvsssesumm samnsssssanas 37
3.3.1 Dmne-Way Reservation Protocoltse s mmssmen s mmemsmos o sasssos ss s o 37
3.3.2 Two-Way Reservation Protocols .o mmsssmemsmmusenssoms somsswsssos somssnsrens sos 39

Vi



3.4 Buist sehieduling al SorTtliis s mumsuss s snesssso orpovpnsssimsos o soysssss e ovmsssssves ses 40
3.4.1 Latest Available Unused Channel with Void Filling (LAUC-VF)............ 40
3.4.2 Vistibereits il B NN I «osisicn s isintinsi s st abiassnsiiioss 42
3.5 e B T O .c o500k Wi i BB S A LS5 43
3.5.1 0 T R LT R BT T T TR ———— et
3.5.2 005 Catepnries: vuswmssommmnssmmssssiss so s ss s mosstss sesess sovss v sasssssse i 44
3.5.3 Edge-based QoS differentiation mechanisms .......cccccooveviiiiiiiiiniinnnenne. 45
3.5.4 Core-based QoS Differentiation Mechanisms ........coceevuiiviiiiiniiiniinnnn, 46
3.5.5 QoS mechanisms in OBS networks with one-way signalling.................... 48
3.6 i S ST S 49
Cihapher 3 Trative Mot el e s oo smiom somm oo o o om0 s s o s o s am o w 50
4.1 L0 TV o clesli o s s ot m s 5 5550 950 5 0 A 50
4.1.1 Poisson Distribution Model ... ommmusmsmnsosssan asssamsansmsssnssapansasasnssnsnsins 51
4.1.2 Pareto Distribulion ProGess wessssossssssssoscssns ssnessos nsass ssnsn snsassenssssssnsans 52
4.1.3 B0y s ey o v U —— 53
4.1.4 Weihnll Distribosion ProBtifom s e s mmsssmsmsssoms 54
4.1.5 Markov — Modulated Poisson Process (MMPP)......ccccccuovviinniinniiniinnnnn, 54
4.2 R I TN s B 5 Dt SR8 R A RS A 56
4.2.1 SN e W i VI o atmscssin s i s i s i sl 57
4.2.2 Linear predictor- Least Mean Square Error (LMS) ........cccooiiiviiniiininn. 57
4.2.3 FARTMA Predictor Model .. wessssssassasssussneans ssvssssmsesass ssnsosansos sssassvmessns 58
4.2.4 Linear Predictor with Dynamic Error Compensation .......ccccceeveeeeiinnnn. 60
4.3 10111111, O ———— 61

Vii



Chapter 5. Congestion and Contention Minimization.........cccccceevvuvereeiiniiinneeneiinnnnnne 63

5.1 OBE Nl Klom il o st st oo i st i i 63
5.1.1 Saunoes O COBECRTIIL ... comn csosansissssimsnissiiinssmssiamsibanni sismssmsniain o iasaiionsss 64
5.1.2 Congestion Avoidance Schemes ...........oceevveeeviniiniiiiniininnee e, 67
5.2 OB Netwmrks Gt a s msmm s o smoomm oo 550 555050 555550 08500 55 5 05506 05 74
5.2.1 Sources and Causes of CONTENTION iviiwusssusssmsssssvssssmsmsass ssnsssaniss ssvssssssesans 74
Fede Contention Avoidance / Resolution schemes .........ccccoovviiniiiiiiiiinninnn, 76
53 Summary of Congestion and Contention Control Mechanisms ..................... 85
5.4 A Proposed Congestion and Contention Minimization Scheme..................... 87
5.4.1 I D NN ot s A s S O R 87
5.4.2 Pt E i V] eI com oot 0w s im0 05555 4055 50 500 58 0 5 K80 91
5.4.3 Pl Tow el akuomns smm oo oo o 5 oo s om0 oo o6 16 603 G0 102
5.4.4 COMOIEBION o susvnsrssmimmansusomsassmmannss exsensumns bon anemsnomsn aus o1 083 Sbnn EXSTHE SOt A BIRERSS 113
Chapter 6. Conclusion and Future Research...csumssasmsmsismmsnsmsamsssissmonsesne 115
6.1 I SR ————————— 115
L e U —————— 118

viii



List of Figures

Figure 1-1: NGIN CONVETgene. .......cuiiviiiiiiiiiiiiieiicieicicciecie e e 1
Figure 1-2: An Example backbone Network........cccoooviiviiiiiiniiniiniiiiiiiiicicnene, 7
Figure 2-1: Switching granularity and required technology .........cccccovvvivviiiinnnnnnnnn. 20
Figure 3-1: OBS router/switching architecture.........ccccovvuireriiiiiniiiriniinniiieeeeininnnens 25
Figure 3-2: Typical Burst header Packet format .........cccoeviviiviiiniiniinninniininnn. 26
Fipmire. 3-% Tspioal OBS (horess 6888 ..rermmamremssmmmmommemmas oo 2
Fipmire. 3-5 OBS et Radione GHl8 oo smmmmmemms s oo 28
Figure 3-5: Burst assembly algorithm Performance.........ccccooevviiniiniinninninnnnnn.. 29
Figure 3-6: OBS Edge Router Architecture..........ccoovviviiiniiiiiiiiiniiniiiiicnieciienen, 30
Figure 3-7: Typical One-Way Reservation Protocol............ccocoveuveniirviinneiniennnnnnnnn. 38
Figure 3-8: Typical Just-In-Time Reservation Protocol ..........cccovvviiiniiiininninnnn. 39
Figure 3-9: A typical Two-Way Reservation Protocol..........cccovvivuvrvninirinrennnnnnnnen. 39
Figure 3-10: Latest Available Unused Channel with Void Filling (LAUC-VF).......... 41
Figure 3-11: Mechanisms for QoS provisioning...........ccoceeevuieviiinieneinniniinniniieennen. Aed
Figure 3-12: Full and partial pre-emption illustration .......cccccevvviiiiiiiiniiiiiicniinnnin, 46
Figure 4-1: Queuing analysis for ON/OFF model..........cccoovvviiniinniinnininniinninnnn. 55
Fignre 4-2: Tawo staite (ON axd OFF) MBTPP w im0 oo s smn sus o smosom sssn oo v s snsinss 56
Figure 5-1: Change in Burst length maintained at the Edge node. .........cc.coeennennen. 65
Figure 5-2: Increase or Decrease in Burst Offset time. ......cc.cooevvieviiniiiiiininiinnnne. 66
Figure 5-3: Conceptual view of deflection routing.........cccuuveiiiiiiniiiiiiiiinniniiiinninnnnnn, 69
Figure 5-4: Resources Reservation Without Deflection ..., 69



Figure 5-5: Resources Reservation with Deflection ........ccccovveeeiiniiiniiieciiniinnnnneennn. 70

Figure 5-6: Fixed Delay-FDL basic Element.......c...ccccooiiviiniininniiniiniiiiiiniennen. 71
Figure 5-7:Variable Delay FDL buffer Basic element........c.ccccoovviviinniniiininnnnnn.. il
Figure 5-8: Static Routing Spectrum Incremental Routing Spectrum ...................... 75
Figure 5-9. Illustration of contention control elements in the optical domain........... (1]
Figure 5-10: Taxonomy of classical contention control mechanisms [85]. ................. 78
Figure 5-11 Full Wavelength Conversion at Node input.......ccccoovvevvieviiiiiiiiinnennnen. 79
Figure 5-12 Full wavelength conversion at the Node output. ......cccvvveiiiiiiinniinnnnnn. 80
Figure 5-13. SPN Partial Wavelength Conversion.cawmsmimviso e msossessors 80
Figure 5-14 . SPL partial wavelength conversion ........cccoeuvvviiiiiiniinniniiiniiniennne 81
Figure 5-15 feed-back FDL buffer (single wavelength plane).........c.cccoevviniinnininnnn. 82
Figure 5-16 Feed-forward dedicated FDL buffer ........ccccoccooviiiiiniiniinii 82
Figure 5-17 Feed-forward shared FDL buffer.........cccccocoviinninnnniinniniinininnnnn. 83
Figure 5-18: Neural Network Processor s o aasannmiasosnsissasonssasnsn 85
Figiive 5-19: Burguifieavion progess Madel. . ewmememummmmuommmsa oo sy 88
Fignice 9-20: Birrat agseiibily Ui wom oo memmsersonmemervorsm ovmsape e sorsasens 89
Figure 5-21: Streamline effect in OBS .....c.coooiiiiiiiiiiiiiie 91
Figure 5-22: Contention 2esolilion ....cccu i iominciiiossssssismmmsetsasumensisesssossnsisese 97
Wi 5-20 Veon, (L) INOtles tOIIRL . oo sssmaisiisiassinsnnsissmsinsanasisssasiissa sinssissisnaissmnss s sissas 103
Figure 5-24: Number of segments versus packet delay.........ccooveviiiinninninnnn. 104
Figure 5-25: packed delay variance versus average.........cocevvvvuveneeiiiiiiicnenninennnn. 105
Figure 5-26: Throughput versus average packet delay......ccccoceevvuinviiniiniiiniinnnnnne. 106
Figure 5-27: Segment size versus average packed delays........cccoooviviiiniiniiininnnnnnne. 107



Figure 5-28: Segment size comparisons for both HP and LP segments versus packet

ATTIVAL TALE ..evrverereesseveseeseesseeseseeseseesssessssesesssesssessssessssesssssessssessssessseessesesseseeess 108
Figure 5-20: Burst/Segment Loss probabilities ............coovv.ervveevveereeeresesesseerseenes 109
Figure 5-30: Average end t0 end delays .........oo...rvveerreerereereseersesessesessseessesssssseness 110
Figure 5-31: Normalized end to end effective throughput.........ccc..oeevrervreervreerrennne. 111
Figure 5-32: Normalized effective throughput. ..........o..oerveereeererssersesesssserssesesseee 112
Figure 5-33: Overall end-to-end latency versus network load-traffic load. ............... 113

Xi



List of Tables

Table 2-1: Comparison between OCS, OPS and OBS[17]. ...ccooviviiniiininiiiiniienee 21
Table 3-1: Comparison of scheduling algorithms ..........cccooviiniiiiiniiininiiin 42
Table 3-2: QoS mechanisms in OBS networks with one-way signalling..................... 48
Table 5-1: Comparison of contention and congestion resolution schemes. ................ 86

Xii



List of acronyms

BCP -  Burst Control Packet
CP - Control Packet
BSR - Burst Size Ratio

FDLs - Fibre Delay Lines

FSN - Forwarding and Switching Nodes
JET - Just-Enough-Time

JIT - Just-In-Time

LP - Low Priority

NGN - Next Generation Networks

O/E/O - Optical-to-Electronic-to-Optical

OBS - Optical Burst Switching
OCS - Optical Circuit Switching

OLS - Optical Label Switching

OPS - Optical Packet Switching

OXC - Optical Cross Connection

PDF - The probability density function
QoS - Quality of Service

QoX - Quality of Experience

WDM - Wavelength Division Multiplexing

Xiii



Chapter 1. Introduction

The ever-continuing advancements in communications and networking technologies
and capabilities have surpassed unprecedented heights. Various technologies and ap-
proaches continue to provide pervasive network connectivity not only to the home us-
ers and workplace but also to the countryside where no wired infrastructure can reach
because of the unfriendly nature of the terrain. In addition, recent advances in optical
networking have vastly improved transmission and switching capacities of core and
access telecommunication networks. Ultimately these advances have impacted signif-
icantly on our everyday lives and hence many new challenges and opportunities are

emerging.
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Figure 1-1: NGN Convergence.

Of particular importance is the emergence of the Next Generation Networking (NGN)
platform in which all the various existing access technologies share the same core net-
work. As a consequence, the support for, participating network devices, heterogeneity

in services as well as transportation medium is driving the continuous evolving of the

NGN [1].



The traffic in NGN is supported primarily on personal devices as well as relatively
unconstrained desktop computers , all of which may be constrained by power, band-
width availability as well as processing capability. The propagation medium is
increasing on-uniformly varying between wireless and wired environments. The traffic
is surging in volumes and mostly exhibiting stochastic /non-stationary statistical be-
haviour. The ever increasing heterogeneity, results in expectations from the network
regarding the QoS are becoming more complex and demanding. The real-time nature of
significant traffic such as video, multimedia and voice is poses high and complex QoS
requirements. Various traffic classes variably contribute to the complex aggregated
traffic patterns and as such the QoS requirements will vary considerably from time to

time.

1.1  Transmission and Switching in OBS networks

The ever-surging traffic levels in the envisaged amalgamated universal network
brought about the desire to design an appropriate switching technology for an optical
backbone network that would meet both the capacity as well as desired QoS demands.
Of the three primary candidates; optical burst switching (OBS), optical circuit switch-
ing (OCS) and optical packet switching (OPC), OBS eventually emerged as a perspec-
tive and practical switching solution. It’s a switching paradigm that is conceptualized
and ultimately designed inheriting and amalgamating the best features of both OCS
and OPS. OBS thus provisions better bandwidth efficiency, and at the same time it
eliminates the need for buffering in the core network as well as optical —to- electronic
conversions and vice-versa of the data bursts at the core (switching) nodes hence effec-
tively narrowing the gap between transmissions and switching speeds in FGNs. At the
physical layer (transmission level), data packets tapped from ingress nodes are aggre-
gated and ultimately assembled into optical huge packets generally referred to as
bursts. An associated burst control header packet (CHP) is transmitted for each burst
via a reserved control channel (CC) and received at the next node with a carefully set

small relative offset-time ahead of the arrival time of the actual data burst. The offset



timing generally allows for sufficient time in electronic processing of the CHP by ded-
icated controllers at an intermediate nodes thus creating time for reserving a wave-
length in its output port/ link, normally for a duration equaling that of the incoming
burst, as well as to reconfigure the switching fabric. The burst will thus shortly fly-
by and immediately afterwards the reserved resources are released and made available
for any other new connection demands. Hence this removes the need for buffering at
interior nodes which normally could further intricate network engineering design as
well as operational costs and latencies. Furthermore, this momentary usage of these
resources promotes enhanced overall utilization of network resources as well as im-
proved adaptation to bursty traffic sources in comparison to optical the traditional cir-
cuit-switching paradigms and networks. Since OBS networks utilizes limited buffering

it thus will always be susceptible congestion.

The presence of overloaded links may aid to a serious aggravation of the network’s
throughput [2]. The congestion can partly be decreased by either careful network re-
engineering or by proper proactive routing approaches in the core network. The dimen-
sioning approach fixes the node/link resources according to the matrix of actual
traffic load demands and after careful optimization, it needs only either a simplified
shortest path algorithm or a comparable mechanism [3]-[6]. Some portions of such
network, however, may still experience congestion if the aggregated traffic loads vary.
On the other hand the routing method employed introduces some operational complex-
ity since it often needs sophisticated and complex mechanisms with signaling protocols
involved. Significant research in OBS networks focuses on alternative deflection rout-
ing [7], [8]. In such a routing scheme the burst is allowed to be deflected dynamically
to an alternative routing path in a node if it contends with another burst on the primary
routing path. Indeed, the deflection based routing can partially enhance overall net-
work efficiency as well as performance under low traffic loads but may escalate the

frequency of data burst losses under moderate to high traffic intensities [8].

Another approach to the routing problem makes use of the optimization theory and a

few works can be found in this area [9]. In OBS network a burst loss probability is



the main primary QoS metric of interest which adequately represents the conges-
tion state of entire network. An approximated form of the end-to-end burst loss proba-
bility [9-11], has a non-linear curving which may make formulating the optimiza-

tion problem quite complex.

1.2 QoS Challenges

The complexities and challenges in routing affect QoS levels and consistency
thereof that can be guaranteed to the diverse traffic classes. The current lack or inade-
quacy of buffering facilities possess challenges in the running of OBS networks, espe-
cially, in situations where consistent QoS guarantees are desirable. Application such as
real-time voice or interactive video have stringent QoS requirements and thus require
additional QoS differentiation mechanisms in order to be protected from non-real time

data traffic especially when the network resources are fairly constrained.

In this context mechanisms that offer minimally low burst blocking probabili-
ties, delays as well as delay variations will be key in the successtful roll-out and operation
of OBS networks. Various QoS differentiation and implementation approaches have
been investigated quite exhaustively in several literatures e.g. [12], [13]. Primarily, two
QoS differentiation models are defined: absolute versus relative differentiation [12-14].
With the relative QoS differentiation model traffic is categorised and segregated ac-
cording to defined threshold classes. Each class is not explicitly defined quantitatively
in absolute terms, but instead, the QoS of each is defined relatively. Absolute QoS
model generally aim at the provisioning of worst-case guarantees on the delay, loss, as
well as required bandwidth to services. This type of stringent guarantee is regarded
essential for the classes of real-time as well as loss sensitive services examples of which
include mission-critical services.

Overall, QoS differentiation can be provisioned with respect to forwarding per-
formance) or rather according to service availability. QoS differentiation ensures pre-
defined QoS guarantees during a normal, fault-free network operation while the QoS

Absolute model provisions and ensures QoS-enhanced protection mechanisms so as to
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afford and ensure resilience. QoS involves both the specifying of specific QoS classes,
as well as incorporating dedicated measures to such classes [12]. Furthermore, individ-
ual classes are specified by pre-fixing upper limit bounds parameters such as burst loss
probability, jitter as well as end-to-end latency. The delays arise mostly due to the in-
troduced offset time, optical fibre delay lines (FDL) buffering, the propagation delay
in fibre links, and ingress node processing. Properly setting up the maximum distance
allowed for the routing algorithm will help limit the first two factors. Furthermore, the
delays incurred in the ingress node can be controlled by utilising timer-based burst as-
sembly strategies. Further, the optical buffering, which generally has limited applica-
tion in an OBS network, introduces relative delays. Since there are numerous factors
that influence the round trip delays the problem of congestion and contention is more
complicated and needs more focus. Whichever approach is taken; the ultimate goal
must be to ensure an end to end QoS guarantees and consistency commensurate with
modern user’s expectations. The key to such an achievement is implemented as a con-
gestion and contention minimization strategy to eradicate delay and burst loss proba-

bility hence improving the QoS in OBS networks.

1.3 Congestion and Contention in OBS networks

The need to ensure maximum network capacity, bandwidth allocation/traffic prioriti-
zation, and active fault measures; all of which serve as a few of many resources afforded
to carriers in order to ensure service assurance and delivery was the main impetus to-
wards the development and implementation of the NGN concept which promises to
replace existing legacy networks as well as provide a converged service platform be-
tween fixed and mobile communication infrastructures. However as discussed in the
previous section NGN or OBS networks are an integration of features of OPS and OCS
networks, the transmission approach in this network is that data packets are deployed
from the edge nodes without any acknowledgment of arrival or resources reservation

this makes the network prone to data loss. Amongst the other factors affecting OBS



both congestion and contention have proved to be the main contributors to increase in

data losses.

1.3.1 Congestion

Congestion can be defined as an excess in aggregate demand of resources utilization as
compared to the available capacity of the resources [2]. In OBS networks congestion is
mainly experienced when the network is exposed to very high speed burst traffic. The
current approaches and studies in congestion still need more improvement and this has
been the main source of motivation towards this work. We need a practical control
method to improve on the overheads on OBS networks switching capabilities with sat-

isfying QoS constraints while doing away with congestion.
1.3.2 Contention

Contention is a process or condition that occurs at the switching level in a network
node when more than one packets attempt to depart the switch from the same output
port, utilizing on the same wavelength at the same time. In optical packet switching
all data packets are in electrical form. In the event that this condition occurs, conten-
tion is resolved through the use of a random memory access in which the store and
forward approach is employed. High priority packets are given preferential treatment
by storing the low priority ones in RAM while the contending high priority packet is
granted access to use the output port. The absence of buffering in OBS networks pos-
sess challenges with regards to contention handling. All data packets are all-optical
including an optical switching layer that offers a finer service delivery that closes up
on the gap between electronic and optical conversion. Currently a few approaches have
been suggested for resolving contention in such networks. These include the use of fiber
delay lines (FDL) and wavelength convertors (WCs). These will be discussed in detail

later.



In small scale networks contention and congestion are effectively resolved through
basic schemes using the three main approaches, namely, space detlection, optical buff-
ering and wavelength conversion. In this work these approaches may not prove to be
useful since the target network is a large-scale backbone network that serve vast geo-
graphical areas. According to [1], telecommunications operators utilizing unlike
vendor technologies and networks have always experienced difficulties in applying
their service and business requirements to the network and element management sys-
tems of the different network domains due to congestion and contention. It is thus
suggested that better cost effective approaches be implemented in order to address the

congestion and contention ultimately reducing delays, delay jitter as well as data

losses in NGN.

Network-2

Figure 1-2: An Example Backbone Network.

Figure 1-2, illustrates a typical backbone network. The general architecture al-
lows for an egress node at each regional client node. The data within the same edge
node are aggregated to form a data bursts. Each burst requires a CP to be generated

to lead and configure the resources for the burst that will follow at an offset time.



1.4 Resources Scheduling

Upon receiving the control packet, the core nodes reserve the requested resources based
on the information contained in the CHP. A wavelength is quickly reserved and the
switch fabric just in time to allow the burst to fly past it, a process also termed “fly-
by”. The resources reservation release can be either explicit of estimated. With explicit
release, the source dispatches an explicit control packet to signal the conclusion of a
burst transmission, whereas with estimate release, an OBS node is configured with de-
tails that state exactly the burst size and therefore can accurately calculate when the
release of occupied resources can take place. During these operations, there is a greater
chance of an increase in burst losses due to congestion and contention. This is mainly
contributed to by the unavailability of resources while they are reserved for an un-

known burst to be transmitted.

Overall proper routing and switching strategy coupled with effective network control
strategies would help overcome and solve the congestion and contention problem of
affording a consistent and guaranteed QoS in present day OBS networks. Routing
control and management will enable network operators to efficiently and smoothly
carry user data with desired QoS constraints. A further dimension in this regard is
focusing on burst buffering through the application of fibre delay lines and other buffer-
ing based strategies. These will be discussed in subsequent chapters. In short, the future
optical network switching paradigm and control plan is expected to be more versatile,
scalable, automatic, and resource and energy efficient. Therefore, this specifically calls
for further research on specific areas such as wavelength management, routing, control
and management supporting multi-layer and multi-domain optical transport net-
works. Performance evaluation of control and management techniques, burst assem-
bling algorithms, network reconfiguration as well as dynamic service provisioning have

yielded promising results.

We conclude this section by noting that contention and congestion in OBS

switched networks, is a major challenging problem primarily because of the limited



buffering provisioning in the interior nodes. The buffer-less (or limited buffering) na-
ture of OBS’s score network switches readily attracts “burst contentions” and “burst
congestion”. As elaborated before, contention occurs due to multiple bursts contending
for the output ports simultaneously, in which case only one burst will be successfully
switched through whereas the rest will be served according to available contention res-
olution mechanisms. Congestion is when the available resources are unavailable for use
by other services and it’s normally triggered by traffic over load or switch equipment
malfunctioning. This will in low utilization of some sections of the network as well as
high burst drop rates, thus once again adding to QoS degradation and consequently its

inconsistency.

Availing overall up-to-date information about the network bandwidth availabil-
ity or constraints within an acceptable time scale may be a promising solution. E.g. in
[15], [16] a distributed versus centralised framework approach is proposed. With the
distributed method each network component has to have its own transport control en-
tity. This includes a dedicated signalling engine for facilitating real time communica-
tion with other associated network components. The centralised approach uses a com-
mon signalling engine as well as a database. Consequently, the signalling associated
data traffic within the network is reduces significantly. The actual network utility data
formation is not distributed. For resource modelling of the overall network two ap-
proaches are possible. These are the complete comprehensive network model approach

[15], and the proxy approach.

1.5 Overall Research Objectives

We will focus on analysing mechanisms and approaches geared towards alleviat-
ing congestion and contention in OBS networks, which by themselves are expected to
form the core backbone platform for NGNs. As such we will specifically investigate new
paradigms for routing strategies considering the fact that resources allocated to a user
or service can be squatted temporally by others to support emergency or higher priority

traffic. The strategies for dynamic resource allocation or switching under such scenarios
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are analysed, and applied accordingly to existing infrastructures in NG all-optical —

networks (AONs), with the ultimate goal of ensuring a consistent and guaranteed end-

to-end QoS.
Summarily the main objectives of this work are as follows: -

e To review OBS switching paradigm, partially in motivation it as the ultimate

backbone network switching for NGNs.

e To survey burstification schemes taking into account the diverse QoS require-

ments of various applications.

e To study existing contention and congestion resolution approaches, as well as

various signaling scenarios.

e To explore routing and wavelength assignment/allocation approaches in OBS

networks.

e To propose and evaluate a congestion and contention minimization scheme that

aims improving QoS of real time applications.

1.6  Thesis Organization

Chapter 2 gives an overview of optical switching paradigms. These are Optical
Label Switching (OLS), Optical Circuit Switching (OCS), Optical Packet Switching
(OPS) and Optical Burst Switching (OBS). This chapter clearly depicts the main factors
that have contributed in considering OBS switching paradigm as the most preferred
candidate for NGN. The OBS switching paradigm combines the best features of both
OCS an OPS.

In chapter 3, we further elaborate on detailed architectural concepts involved
in OBS networks. In this chapter our focus is on the functions and operations encapsu-
lated in the OBS edge and core nodes and the overall performance structure of the OBS

backbone network.
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Chapter 4 surveys candidate traffic models for OBS networks. These models are
then used in OBS traffic prediction and performance measurements. Generally, every
channel in an OBS network when configured to transmit a large data burst packet it is
made unavailable to other channel requests for a certain period until the data burst is
assumed to have been completely transmitted hence in this chapter we also overview
the time frames in which this blocking period(void) in OBS can be managed and how it
also aids in contention and congestion build-up. A few traffic prediction models and
concepts are reviewed in view of implementing them later on. In particular a selected

approach will be used in our simulation scenarios in chapter 5.

Chapter 5 focuses on the main causes of congestion and contention in OBS net-
works. Further, we propose and describe a congestion and contention minimization
strategy followed by its analysis. The analysis includes the modelling aspects as well as

simulation.

Conclusions are drawn in chapter 6.
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Chapter 2. OBS Networks Overview

Recent developments in the areas of 1P, mobile technologies, and data center net-
works, cloud computing and social networks have resulted in the growth of a wide range
of network applications as well as a surge in bandwidth demands. The data rate of these
applications also varies from a few megabits per second (Mbps) to Gigabits per second
(Gbps) ranges. To support this growth in data traffic, one foremost solution is to utilize

the advancements in optical networks. With multiplexing technologies WDM, band-

width in the (prs) ranges can be exploited from the optical bearer in an energy effi-

cient manner thus at the same time promoting energy efficient networking. The OBS
switching paradigm is currently the ideal choice for addressing the switching bottle-
neck, hence in this chapter, we provide an overview of a few optical switching para-
digms and mitigate on why OBS currently emerges as the candidate ultimate switching

solution for future generation networks.

2.1 Evolution of Optical Transmission Networks

While the idea of all-optical networking had its origins in the research community quite
long ago, its practical realization was always is doubt. The original aim of the AON was
to maintain the data wholly in optical domain end-to-end so as to eliminate I5/O and
OE, associated bottlenecks, and to allow transparency. Currently, backbone network
traffic has surged. This has led to poor QoS in the transmission of data and thereof
leading to a demand for a more sophisticated network approach that can sustain the
bandwidth capacities at both transmission and switch level of data. Optical transmis-
sion is seen as the best for provisioning the required bandwidths. Optical networks have
revealed, proved and continue to win multitudes of network engineers awareness of the
high potential impact they have in providing the required bandwidths in future gener-
ation backbone networks. A few optical switching paradigms which include, OCS, OPS,

and OBS are reviewed in the next sections.
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2.1.1 DWDM Based Optical Packet Switching (OPS)

In OPS, individual data packets are transmitted individually end-to-end in the network
directly in optical domain [10]. Its primary objective to allow for efficient usage of
available network resources, namely bandwidth through statistical multiplexing since
switching is performed at the packet level. Such a network is depicted in Figure 2-1. A
CHP is appended and thus transmitted with the data payload. At each switching node
(packet switch), the payload is temporarily stored in the fibre delay lines (FDLs) whilst
the header is electronically processed. This processed CHP information will be used to
configure the switch (node) accordingly. The FDLs thus play a crucial role, to allow/fa-
cilitate the electronic processing, as well as fabric reconfiguring that follows afterwards.
Before the packet is sent out to the next node, its header is updated. OPS is regarded

as a good switching paradigm when compared to other optical switching methods.

OPS core router

Router

Controller

Source/Destination
Network

Switching times: ns

/ 0PS

Network

Assembler/ Disassembler

) -

z Source/Destination
e Network

WDM

Links [ Dm EE
Com ] [EH

Figure 2-1: Example OPS Based Network

Because the IP based Network is designed for as a packet (datagram) switched rather
than circuit switched, this approach makes OPS preferential in comparison with OCS.
However its short comings are quite pronounced. Prominently is the fact that practical

implementation of OPS is still not feasible.
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Practically OPS would be very difficult to realise at this time as its implementation
would require among other things, high speed (in orders of nanoseconds) switch fabrics,
optical buffers, wavelength converters, header recognisers and other related compo-

nents for the entire configuration of control and burst packets transmission.

Router Controller
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Figure 2-2: Router architecture of an OPS Node

Figure 2-2 shows the architectural operations/processes on each router in an OBS
network. In terms of processing this includes multiplexing and de-multiplexing, O/E
and E/O conversion and vice-versa, packet header extraction, packet header re-inser-

tion, and switch reconfiguring at each network node.
2.1.2 DWDM Based Optical Circuit Switching (0CS)

In OCS all data is carried dedicatedly from one input wavelength to another at
the switch’s output port, Thus there is no need for O/E and E/O conversions required
with this approach as is the case with OPS; hence there is no demand for overhead
processing. A light path has to be established end to end i.e. from source to its final

destination, with added continuity constraint [5].
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Figure 2-3: Illustration of an OCS Network

A switching node requests a light path to be established to the destination node
via signalling all associated intermediate switching nodes (i.e. Along the path to the
destination nodes). Once the setup phase is complete the data exchange follows in which
the lightpath is exclusive to the two parties (sender and receiver switch nodes). An OCS

network is illustrated in Figure 2-3.

The benefit of this approach is that of no requirements for any wavelength con-
versions as well as optical buffering. Disadvantages include the “Routing and Wave-
length Assignment problem™ [7]. Its solutions are dealt with in [8] and [9]. Herein the
authors highlight the high blocking probabilities experienced. They suggest the use of
wavelength converters (WCs). A wavelength converter transforms an incoming wave-
length to a different value so as to avoid blocking. Its use however, has the repercus-

sions degrading the signal [9].
2.1.3 Optical Label Switching (OLS)

Reference [11], [12] propose Optical Label Switching (OLS). With OLS, when a
packet is received at an ingress node, the routing information is extracted from the

header and placed in a special tag called a label. From this point on, the payload and
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label are served separately. As both traverse the network, the label is processed in elec-
tronic domain at each node for routing decision purposes. It is worth noting that the
payload will remain in optical form through the entire network. Below is a depiction

of data payload and optical header/ label coupling /de-coupling and further streaming.

To Optical
¥

Figure 2-4: OLS header/ data payload coupling/decoupling

When data packets are received at an ingress node, they are assembled into optical
payloads. The assembling of the data packets is according to destination address, and
associated desired QoS parameters. Each payload requires a separate label.
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Figure 2-5: Optical Label Switching Network



Both the label and payload are then together transmitted. The two crucial com-
ponents of an OLS network are core and edge nodes. Edge nodes provide interfacing
services between the customer and OLS transport networks. Furthermore these ulti-
mately detach the label from the optical payload and decouples the payload to revert
to the original data packet format. Ultimately the packets are delivered to their respec-

tive destinations. Figure 2-5 shows an OLS network architecture.
2.1.4  Optical Burst Switching (0BS)

In OBS, relatively a few CCs (e.g. one per fibre) go through O/E/O conversions
[5]. Since the data is served wholly in optical domain and at burst level, data transpar-
ency as well multiplexing efficiencies are achieved concurrently. As cited previously
with OBS the CPHs are separated from data payloads right from the ingress nodes.
Traffic (packets) destined for a particular egress switch are assembled into one huge
data packet called a “burst”. The CPH is then sent prior to its burst at a carefully cho-
sen offset time. This is to afford the CPH sufficient time to pre-configure the next

switch so as to afford fly-by routing of the burst upon its arrival.

The CPH and the burst are sent on separate dedicated channels. OBS takes ad-
vantage of both the ultra-bandwidth availability of a fibre for switching/transmission
and the advanced data processing capability of modern VLSI electronics. It can achieve

a sizeable cost reduction and leverage
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Figure 2-6: Optical Burst Switching network
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At any given OBS node, no alignment of bursts is necessary unless if the node’s switch-
ing network is slot operated. Furthermore, FDLs and WCs which are optional can aid
in lowering burst losses [13]. At present, it is a task to implement an OBS switching
network with multitudes of ports operating gigabit per second speeds. Advances in

research in this regard is ever improving the required speeds [13-15].

2.2 0CS, OBS and OPS Comparisons

OPS and OBS have similarities. However their primary difference is that in OBS,
data packets are assembled into bursts while with OPS data packets transmitted indi-
vidually. On one hand, OBS control information (CHP) is signalled on a dedicated
channel while in OPS it is signalled in-band, i.e. the control information is appended to
the packet itself. Furthermore OPS will require O/E/O conversion and vice-versa of all
data transmitted whereas with OBS only CHP is processed electronically by it under-
going O/E/O conversion. Other characteristics that are deemed important when com-
paring optical switching paradigms include; hardware requirements, flexibility, perfor-

mance, processing complexity, and QoS. These are discussed next.

2.2.1 Processing Complexity

OBS and OPS both require specific algorithms for contending with contention resolu-
tion situations. They consume compound algorithms for QoS provisioning so as to be
able to exploit benefits of statistical multiplexing. These contribute to the expansion of
OBS/OPS processing complexity of control algorithms. Unlike OCS where light-path is
calculated and established once before transmission, in OBS/OPS calculation of the
path is complicated simply because it is done at each intermediate edge node. OBS
switch control has to maintain a precise timing of a burst packet payload arrival rela-
tive to its header packet arrival. The header packet should setup the path before the
data burst arrives at each edge node, hence the offset times in OBS becomes more com-

plex to maintain.
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2.2.2 Performance

The performance in this case is discussed by considering network throughput,
utilization, transmission delay and burst packet loss probability. [18] [19] [20] OCS
performs incompetently compared to OBS or OPS in terms of transmission of statisti-
cally multiplexed traffic hence network utilization is high in OBS/OPS compared to
OCS because statistical multiplexing permits a better exploitation of network resources.
As far as throughput is concerned, OBS/OPS have a problem of contention which gives
a negative result simply because of the unavailability of optical random access memo-
ries (RAM). OPS engages FDLs buffering and WC to alleviate the challenges associated
with packet loss probability. Another concern in this switching paradigm is the Trans-
mission delays. This is mainly due to continuous processing of data packets at interme-
diate nodes and the connection setup. Other delays are mainly attributed by the switch-
ing technologies used. In OPS delay is very small or rather negligible. Alternatively
OBS has a significant delay due to a significant time spent during the process of burst
assembling. In OCS the delay is due to the time needed for the establishment of a

lightpath.

2.2.3 Hardware Requirements

Due to the dynamic nature in switching time requirements, each optical switch-
ing paradigm requires different and appropriate switching technology. E.g. Burst
switching with end-to-end setup requires speeds in the magnitude of milliseconds, in
that case micro-electro-mechanical systems (MEMS) would be the best available op-

tion.
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Figure 2-1: Switching granularity and required technology

The best choice for optical burst switching with microseconds switching times is Lead
lanthamun Zirconate Titanate (PLZT) technology. For packet switching with Nano-
seconds speeds, Arrayed Waveguide Grating (AWG) and tunable wavelength converter
(TWC) technologies or semiconductor optical amplifier (SOA) technology [16] [17] are
used. Figure 2-6 shows switching times for circuit, burst and packet granularity and the

required technologies.

2.2.4 Flexibility

Flexibility here is regarded as the ability of the switching paradigms to adapt
different bit-rates and data formats to transmit them in one network. It is one of the
important factors to consider when comparing any switching paradigms in computer
networks. It is mainly achieved by having proper functions in edge nodes. In OBS ad-
aptation is a difficult task. However, granularity in OBS and OPS can be flexible com-
pared to in OCS. In OCS paradigm, this is achieved by the use of E/O/E conversion.
One of the advantages of OBS/OPS over OCS paradigms is that they are more scalable.

2.2.5 Switching Comparisons

OCS has no demand for any QoS consideration. This is mainly due to the fact that
its resources are assigned at ingress nodes prior to transmission process. OBS/OPS de-
mand for QoS implementation because each burst/packet has certain QoS attributes

that contribute to its entire transmission process. That means each burst/packet needs
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to be processed depending on what QoS attributes are encoded or embedded in it. QoS

will be discussed in detail in section 3.6.

A comparison of the three switching paradigms is summarized in table 2.1

Table 2-1: Comparison between OCS, OPS and OBS[17].

Criteria 0cs 0PS 0BS
Processing Complexity Low High Medium
Setup Latency High Low Low
Bandwidth Utilization Low High High
Granularity Coarse Fine Moderate
Traffic Adaptability Low High High
Switching Speed Slow Fast Moderate

2.3 Basic Architecture

OBS has become a practical solution towards narrowing switching versus transmission
speed gaps in future generation backbone networks. At transmission level, data packets
sourced from edge nodes are aggregated and assembled into optical burst units gener-
ally referred to as bursts. A burst control packet is transmitted for each assembled burst
in a dedicated control channel and delivered with a small relative offset-time prior to
the actual data burst’s arrival. This offset timing allows for electronic processing of the
control packet by a controller at the next and subsequent nodes thus creating an
allowance for a wavelength reservation on its output link and switch matrix reconfig-
uring usually for the duration time of the incoming burst and eradicating the need
for burst buffering. The burst will then shortly fly by and immediately afterwards the
reserved wavelength can now be freed /released and made available for other connec-
tions. This effectively alleviates the need for optical buffering at intermediate nodes

which otherwise would escalate network design and operational costs. Furthermore,
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such a temporary usage of wavelengths promotes higher resource utilization as well
as better adaptation to highly variable input traffic in comparison to optical circuit-
switched networks. OBS architectures with limited buffering capabilities would still be
susceptible to congestion states and in many cases exasperate it [1|. The existence of

a few highly congested links may seriously aggravate overall network throughput..

2.4  Challenges in OBS Networks

OBS networks have proved to be the most promising switching technique for future
generation networks as they are expected to accommodate the ever surging bandwidth
demands in backbone networks. This architecture suffers from certain aspects that can
hinder the success of the OBS networks. Ultimately in this work, we will focus on ad-
dressing the minimization of congestion and contention which together can lead to deg-

radation of network performance.
2.4.1 Blocking Probability

OBS data packets arriving at a given ingress node, and intended for a common destina-
tion are aggregated into a series of huge data bursts, each being switched and routed
independently. In this way, the switching or configuration processes on the network are
simplified since only one header associated with each burst is used to configure the de-
sired channel for a burst packet. Therefore the CPH precedes the burst payload and
reserve the required resources at each node’s fabric and associated output link port
along the route. The payload or burst packet then shortly follows the CPH without
waiting for an ACK after a staggered offset time. At every node, if the requested band-
width is available, the burst is transparently switched to the next intermediate node,
otherwise, the burst is discarded A measure of the blocking rate is quantified by what

is termed “the blocking probability™.
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2.4.2 Congestion

Resources utilization is one of the main key factors of the preferences associated with
OBS networks. The main challenge is that in some or rather most cases the deployment
of burst packet and their corresponding control packet will generally increase to a rate
whereby the switching demand in these networks will or may not be able to accommo-
date deployed data packets. In other words, the network would be suffering from an
increase in demand for resources utilizations as compared to the available resources.
Generally, this will give rise to the queuing of data packets waiting for the release of
the network resources. By resources, we referring to the switches, routers, wavelengths
etc. Since we highlighted that burst packets are transmitted without any acknowledge-

ment, basically congestion leads to increases in burst loss, jitter delay, reduced QoS.
2.4.3 Contention

The finer granularity offered by OBS networks is the main cause of the reduced O/E/O
conversions. In this paradigm, the light path allocation will mainly be done at each
output node in the backbone network. Contention occurs at the switching level or node
whereby more than one data packets are contesting to exit the same output port, on
the same light path. In the basic electrical conversion, this is mainly resolved by the

use of electronic buffers but in the all-optical domain, there is no equivalent optical

RAM.

2.5 Summary

The main advantages of OCS are that it affords a natural acceptable and reliable
QoS. It’s relatively a mature technology and as such its components and subsystems
are commercially available. Its problem is that of low flexibility as well as low network
utilization. OCS have very high wavelength consumption and requires that the node be

of large sizes. These key aspects rule it out as a switching paradigm solution for NG Ns.

Both OPS and OBS offer better flexibility and network utilization. However, OBS is
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able to offer efficient network utilization using lower-speed switching elements as com-
pared to OPS. The biggest point of difference between OPS and OBS is the use of E/O/E
conversion concept used by OPS and the concept of burstification of packets used by
OBS. The E/O/E conversion and the need for optical buffers render OPS difficult to
implement. OBS’s burstification concept also contributes delays. However, both have
high resilience and control complexity. OBS is considered a viable solution for NGNs
as it does not require any new technologies. OPS would have been also a better option;
however, it is still awaiting technological breakthrough especially for compact and low-
cost optical components. It has a longer-term deployment and OBS has a midterm de-
ployment. In this document we present optical burst switching as the ultimate solution

for Next Generation Networks.
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Chapter 3. Burst Assembling, Signalling and Scheduling.

OBS networks comprise collections of edge and interior nodes. The edge (ingress)
node assemble user packets into a burst which traverses the OBS interior all the way to
the destination edge (egress) node. The ingress node primarily processes and schedules
data packets into input buffers according to desired class and ultimate sink address.
Further the packets are mapped into bursts. These in turn will be transited wholly in
optical domain over the interior network, without any necessities for temporary buff-
ering at intermediate nodes. In chapter two, we compared switching paradigms such as
OCS, OPS and OBS. In this chapter OBS concepts such as burstification, scheduling

and signalling are reviewed.

3.1 OBS Node Architecture Overview

As illustrated in Figure 3-1 an OBS network mainly consists of edge and core

nodes. These are interconnected by DWDM links.

Burst-Data
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Figure 3-1: OBS router/switching architecture
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In the previous chapter, we discussed the technical processes involved when IP data
packets from access networks arrive at the ingress or edge nodes. Basically, IP data
packets are aggregated and assembled into optical bursts data packets and at the same
time a corresponding CPH for network resources configuration is generated for the
burst. In this case there exist various crucial approaches for IP data packets agoreca-
PP P gereg
tion and assembling. In this chapter we focus on these crucial aspects and the impact

they impose on the overall performance of optical burst switching.

First data payloads destined for a common egress node are aggregated into a burst
whose size is determined by the chosen assembly algorithm. Bursts destined for a com-
mon destination can also share a single header packet. The header packet contains key
information for configuring and routing. Key information includes burst length, classi-
fication, destination as well as QoS attributes to be put into consideration. Figure 3-2

shows the generic format of the control packet or header packet in OBS networks.

Message Type QoS Input Identifiers (port, wavelength, label)

Burst arrival time Burst duration Other function FEC/CRC

Figure 3-2: Typical Burst header Packet format

The CPH is transmitted ahead of its associated data burst packet with a given
offset time. This is to allow for the configuration process of the switching fabric in the
core nodes. The data burst and the CPHs are sent on separate dedicated channels. Data
burst payload is transmitted all-optically while header packet undergoes the previously
discussed O/E/O conversions. The CPH is processed by an electronic controller of the
switching or node in the interior. The controller performs several functions including
contention resolution, QoS provisioning, burst forwarding, resources reservation,, etc.

These operations will be discussed in subsequent sections.
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3.1.1 OBS Edge Node

OBS network consist of two main types of edge nodes, thus, the ingress and
egress edge nodes. Each edge node consists of a set of operations that it executes based
on its location over the network. The ingress edge node is obligated for aggregation of
remote client data into one single burst packets. It then assembles several packets des-
tined for a common egress node into a larger burst and also automatically generates a
corresponding burst control packet. The ingress is also responsible for setting up an
offset time between the CPH and the burst data payload. These functions will be dis-
cussed in the next sections. Figure 3-3 shows a typical OBS ingress node. The egress
node disassembles the burst data payload into the original IP unit data packets before
redirecting the data to the intended client networks. In actual sense the operations per-

formed by the egress node is the direct opposite of the ingress node.
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Figure 3-3: Typical OBS ingress node

3.1.2 OBS Intermediate Core Nodes

An OBS intermediate core node is located in the core of the OBS network. It
consists of the following functional elements; an input interface, switch fabric, an

electronic switch controller and an output interface. This is shown in Figure 3-64. The
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major role of the input interface is to perform the extraction of network configuration
properties and data channels from the header packets. The data extracted from the
control channel carry control information about the incoming super or burst packet.
Only control information is converted form O/E. The component used to process header
packets is the switch controller. Most importantly, the switch controller consists of a
burst forwarding look-up table with all reservations for incoming data bursts or pay-
loads. The actual resource reservation is discussed in detail in section 3.3. Resource res-
ervation calls for contention resolution as well. The role of the output interface is to

update control information, multiplexing of data and control channels.

In the following section, we will discuss burst assembly mechanisms/ algorithms
used for the burstification process. Burstification is generally one of the fundamental

functions performed by the ingress node.
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Figure 3-4: OBS intermediate node

3.2 Burst Assembling

Burst assembling is a process whereby incoming IP data packets from various cli-
ent network sources are aggregated into a number of large data bursts at the edge node
of an OBS network. As shown in Figure 3-6, the switching unit forwards the arriving

packets to burst assembly units. The aggregation is performed using various criteria
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thus for example, packets which are bound for the same output lines are processed and
aggregated into one burst assembly unit. The burst assembly criteria used influences
the traffic characteristics in the network such as traffic burstiness and traffic self-simi-
larity. The strategy implemented also determines the end to end performance of the
network. There are basically two main objectives associated with the burstification

mechanism thus;

e Reduce burstification process delay thus reduces the overall network data

transmission delay.

e Increased the burst length —increasing the burst length will result in the reduc-
tion of the number of bursts produced and CPs, hence a reduction in the asso-
ciated processing of burst packets and CP configuration overheads at the core

nodes.

Figure 3-5 illustration on the performance of a “good” and a “bad” burst assembly
mechanism/algorithm. These two objectives associated with burst assembling contra-
dict with one another thus increasing the burst size will also increase burstification de-
lays. It is, therefore, a challenging task for one to strike a balance between these two
objectives when implementing an effective feature of burst assembly strategy. Accord-
ing to [21], “choosing the desired balance between the burstification delay and the burst
size depends on the QoS requirements of the users, and the processing and buffering

capabilities of the backbone nodes”.

Average burst size

A Preferred burst
assembly algorithm
unacceptable burst
/ assembly
L2 algorithm
L 1
D, D, -

Bunrstification delay

Figure 3-5: Burst assembly algorithm Performance
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A number of significant burst assembly algorithms have been discussed in the
literature. The traditional or rather basic assembly algorithms are mainly burst length-
based (size threshold based) algorithms and time threshold-based algorithms [6]. An-
other algorithm which was proposed is the hybrid time/burst length algorithm which
consists of mainly the properties of the individually stated algorithm. Other basic dif-
ferences associated with these algorithms were also presented in the literature [21]. In
recent years there have been quite a number of proposals of burst assembly algorithms
which are based on traffic prediction/forecasting. In the next sub-section, an overview

of these algorithms is given. The architecture of an OBS node at ingress is shown in

Figure 3-6.
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Figure 3-6: OBS Edge Router Architecture

3.2.1 Traditional Burst Assembling Algorithms

The following are typical traditional burst assembly algorithms used in current OBS

backbone networks.
3.2.1.1 Time-Based Algorithms

In time-based algorithms, the fundamental feature is that a timer is set at the
start of each burst assembly cycle. When the configured fixed time T elapses, all pack-
ets that would have arrived during that period would be assembled into a burst. This
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approach also consists of a minimum burst size. Therefore, all bursts generated should
be of a size greater or equal to Lyin. If the burst size is less than Ly, then it is padded
to Lpin. Careful consideration should be made when choosing the value of time 7' as
large values may lead to unnecessary packet delays at the edge nodes. On the other
hand another problem associated with a small value is, many small bursts will be gen-
erated in a short space of time and that would lead to an increase in control packets

overhead at the core nodes [22]. The algorithm of time-based algorithm is as followss;

Step 0: While timer < T

Accept new arriving 1P packet

Check timer

Go to Step 0.

Step 1: Check burst_size

If burst_size < Ly, then

pad it to size Lypin

Generate burst and send it output port

Reset timer

Go to Step 0

3.2.1.2 Burst Length Based Algorithms

Burst length based algorithm also known as size threshold algorithm was dis-
cussed in [6]. Contrary to the time-base algorithm, this algorithm uses a fixed burst size
L to decide the generation of a burst packet. Once the length L configured on each edge
node has been reached a burst is assembled and sent to the corresponding output port.
Just like the time based algorithm this scheme also has its own short comings depending
on traffic, it may also take a significant time for L to be reached and as a result an
increase in delays at the edge node may be experienced on the OBS network. Again in
the imminence of high traffic volumes, with a smaller configuration of length L, many

bursts will be produced resulting in high control overhead at the core nodes.
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3.2.1.3 Hybrid Algorithms

In order to deal with the overheads associated the previously discussed schemes
in section 3.2.1 and 3.2.2, a hybrid algorithm was proposed in [6]. In a hybrid scheme
a burst is assembled when either L or T is reached, whichever comes first? When T is
reached first and when the burst size is not equal or more than the set Luin, then the

burst size is padded to Lmin. [22] The algorithm is implemented as follows;

3.2.2 Other Assembly Approaches

In an arduous search to further improve the performance of the burst assembly
described above, several variants of the above burst assembly algorithms were pro-

posed. In this section a brief description of some of them is given.

3.2.2.1 Adaptive-Threshold with Fixed Maximum Time Limitation Algorithm (ATH-
FMTL)

The Adaptive-Threshold with Fixed Maximum Time Limitation (ATH-FMTL)
was proposed with the view of providing flexibility to the actual network traffic. In the
previously discussed algorithm which lacks in the traditional burst assembly algorithms
in section 3.2.1. The main aim of the ATH-FMTL algorithm was to achieve a point of
equilibrium between incoming 1P data packets and the transmission of the bursts over
the network. That means the rate of packet arrival at the ingress node corresponds to

the rate at which bursts are formed and transmitted.

ATH-FMTL algorithm capitalises on the optimal burst length threshold and fixed
maximum time limitation as features of burst creation. According to [23], “The burst
length thresholds are increased or decreased in case the burst queue size, at the ttme of burst

generation, is larger than upper threshold or smaller than lower threshold, respectively.” The

function of ATH-FMTL is as follows: [23]
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1. To classity the packets in appropriate burst, the criteria performed is based on
the fact that every IP data packet has a delay tolerance that allows for flexibil-
ity during packet routing and on the assumption that no packet has a delay
tolerance less than the amount of time it takes to route the packet through the

OBS network, using the shortest route to its destination.

2. Also on packets arrive at the corresponding port and service classes these assem-

bly queue becomes operative.

3. Each burst length is estimated at the end of prediction time (tp ) according to

the previous burst length value and current arrival traffic.

4. Edge nodes determine the variable burst assembly duration 7, d) by estimating

burst size with current or previous load.

5. A CP is sent to OBS core network at time 7 ;

r=1,-1, (ta: assembly time; ¢, : offset-time)

6. It is assumed that wavelength conversion is available at every Label Switch
Router (LSR) node in the core and a Just-Enough-Time reservation scheme is

used.

7. The Latest Available Unused Channel with Void Filling (LAUCVF) scheduling

scheme is used.

The pseudo code for ATH- FMTL algorithm is given below;

Begin

Packet arrives at node s;

d: destination of the new IP packet

If (Fixed assembly duration (Q.q) is not running) then
Start VABDs timer for Qa;

End if

Assemble the packet to corresponding queue Qsq;

Update the burst length information;

If (Assembled burst Length = Expected burst length) then
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Generate burst control packet for this burst;

Fill in and send out the control packet on a control channel;

Schedule the data burst to be sent out on a data channel after an offset time;
Stop the VABDs timer for Qsa;

The burst length margin is filled with void into the next data burst;

End if

End

di Denotes the assembly queue at the ingress nodeS for destination d and VABD;be-

ing the assembly duration used by the node.

In [23] it is concluded that ATH-FMTL does not only increase the switching
efficiency at the OBS core nodes, but also smoothens the input packet traffic and reduce
the data loss to a significant value. The main aspect identified as the one which can

minimize loss is, being able to find an optimal threshold rage.

In [21], three burst assembly algorithms were proposed which are based on the
estimation of the expected number of packets arrivals. At the end of each time frame,
a decision needs to be taken as to whether the burst should be sent out and a new burst
assembly started or the edge node should wait for more packets from the next frame.

For such a decision to be taken, a linear prediction filter to estimate the expected num-

A
ber N(n+1) of packets arrivals in the next frame (» + 1) is used, to monitor if any spec-

ified criteria is fulfilled. The three algorithms based on this principle were proposed in

[21] and are discussed next.

3.2.2.2 Fixed Additional Packets Threshold Algorithm (FAPTA) (/v . algorithm)

The FAPTA algorithm defines a lower bound ~,;, . This is the bound on the

number of packet arrivals above which a decision to wait for more packets before send-

ing a burst packet is assembled is made. After frame», the comparison with /v __ is

min

made to assess if it is smaller than »

m:

.,» then the burst is assembled and sent with
immediate effect or else it waits for another frame to be completed. In this scheme the

burst is sent out at the end of the n frame if and only if;
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N+l <N (3.1)

min

3.2.2.3 Proportional Additional Packets Threshold Algorithm (PAPTA) (a L algo-
rithm)

Unlike the fixed additional packets threshold algorithm this scheme makes use

of a fraction of the current burst length L(n) as the threshold value. The burst is assem-

bled at the end of the n time frame if and only if
N +1) < a.L(n) (3.2)

Where L(n)is the burst length, ]Qf(n +1)is the schemes estimate of the number of packet

arrivals expected during the frame (n + 1) and « is the multiplicative parameter.

3.2.2.4 Average Delay Threshold Algorithm (ADTA) (T4 algorithm)

The ADTA Algorithm was also proposed in [21]. The main goal behind this algo-
rithm was to explicitly improve the Average-Delay-based algorithm which was pro-

posed in [24]. With this scheme the running average delay is calculated and the burst

is assembled as soon as the average delay of the packets reaches the threshold 7", A

VE *°

couple of draw backs are experienced in this algorithm [24] these are;
e The process of calculating the running average introduces network overheads.
e Bursts transmission may not be sent out with an optimal time.

In a quest to address these drawbacks, the T, algorithm makes use of traffic prediction

schemes. The burstification delay is estimated at the end of each frame. The burst is

sent out when the estimate exceeds the threshold valueT,. The average packet delay,

D(n) of the packets in the burst assembly queue at the end of the frame is defined as;
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L(n)
21 (m)
D(n) = ‘L - (3.3)

Where L(n)the burst size at the end of framen , Tl(n) =nT—1; is the delay of the i*

packet. D(n) is computed using recursion as follows;

N(n)

L(n-1).D(n-1)+L(n-1).c+ >.T,(n)

D)= L(n—1)+ N(n) ; (5.4)

Where vV (n)is the number of packet arrivals during n frame. The estimated Average

Packet Delay lA)(n +1) at the end of frame n+1 is given by;

A

L(n).D(n) +7.L(n)+ N (n+ 1)_;

Dln+1)= : (3.5)
L(n)+N(n+1)

A burst is assembled at the end of the n" frame if and only if

D(n+1)>T, (3.6)

Where T, is the predefined threshold value.

3.2.2.5 Average Delay to Burst Size Ratio Improvement Prediction Algorithm (Lyuv
algorithm)

The y algorithm makes uses traffic prediction to compute an estimate

D lAfR(n +1) of Delay to Burst Size Ratio (DBR) at the end of frame (n+1). The burst
is sent if and only if the estimate is worse than the current DBR(n) . The DBR(n) at the

end of frame  is given by;
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L(n)
Mm@y}%ﬂzgﬂm)
L(n) 2 @

or it can be calculated recursively as;

L(n-1).D(n-1)+L(n-1)7+ NZ(":)T,. (n)
P = LD+ NmY

D ZASR(n +1)at the end of frame (n+1)is found as follows;

A

L(n).D(n) + L(n) 7+ N(n+1). =
DBR(n+1)= 2

(L(n)+ N(n+1))’
The burst is assembled and sent out at the end of frame »if and only if;
D BR(1+1) < DBR()L(n) > Ly,

L,,,» Threshold is used as a lower bound on the length of the bursts.

3.3 Burst Reservation Protocols

(3.7)

(3.8)

A number of burst reservation protocols in OBS have been explored by research-

ers in a quest to determine effective approaches to improve OBS networks. In this sec-

tion, we discuss the main parent approaches to this technique thus one-way and two-

way reservation protocols.

3.3.1 One-Way Reservation Protocols

In this approach, when a request for resources reservation is sent there is no

acknowledgement sent back to the sender by the recipient nodes. A good example of a

one-way reservation protocol in OBS network is the Just-Enough-Time (JET) which
Yy P g

was proposed in [25]. JET, the control packet is transmitted first ahead of the corre-

sponding burst with a set offset time t. This approach cuts down on the overheads of
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sending an acknowledgement on the resources reservation. The approach leads to low
utilization of the edge router’s access link. Another example of the one-way reservation
protocol is the Just-In-Time (JIT) [26], [27]. JIT uses the same principle as JET with
a slight difference. It only uses an acknowledgement from only the first cross-connect.
Since both JET and JIT do not use acknowledgements, some bursts might be lost if
they are sent and their transmission requirements are not met. Therefore, one-way res-
ervation protocols have a high blocking probability. Illustrations of one-way reserva-

tion protocol and JIT are shown in Figure 3-7 and 3-8 respectively.

ingress node core node corenode egress node
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Offsettime

data burst
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Figure 3-7: Typical One-Way Reservation Protocol
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Figure 3-8: Typical Just-In-Time Reservation Protocol

3.3.2 Two-Way Reservation protocols

Unlike one-way reservation, in this approach an acknowledgement is sent back
to the requesting network resources. The main important aspect of this scheme is that
when a request has not succeeded the burst will remain in memory until the request is
confirmed its succees. An example of a two-way reservation protocol is wavelength-
routed optical burst switching (WR-OBS) [28]. One of the main features of optical burst

switching is burst scheduling. Section 3.4 discusses burst scheduling.

ingress node  core node corenode  €gress node
Bu,sf
. Cong.
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Figure 3-9: A typical Two-Way Reservation Protocol
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3.4  Burst scheduling algorithms

Scheduling algorithms are mechanisms used to decide on which wavelength to
assign an outgoing burst. If there is no wavelength available, the burst scheduler uses
other tools at its disposal to delay the burst transmission, for example, fibre delay lines
(FDLs). There are two main categories of burst scheduling algorithms. There are those
which are based on JET reservation protocol and those that are based on Horizon. JET
reservation protocol was discussed in the previous section thus 3.3.1. In [29] “The sched-
uling Horizon s defined as the latest time at which the wavelength is currently scheduled to
be used”. The horizon scheduler selects the wavelength whose scheduling horizons are
smaller than the burst’s arrival time. The scheduler then updates the scheduling hori-
zon to be equal to the time when the burst is due to be completed [29]. Horizon sched-
uling algorithm is also known as Latest Available Unscheduled Channel (LAUC) without
void filling algorithm. The intention of this approach is to minimize voids which are
created when making new reservations. When there are no available wavelengths for
selection by horizon scheduler, the burst are automatically dropped. Because this ap-
proach makes use of voids is easy to implement. However, this comes at a cost since it
results in undesirable burst loss. To address this problem, versions of LAUC with void

filling were proposed in [6] and [30] to make use of voids.
3.4.1 Latest Available Unused Channel with Veid Filling (LAUC-VF)

Latest Available Unused Channel with Void Filling algorithm is similar to
LAUC, the only difference between the two algorithms is that LAUC-VF keeps track
of all its voids and fills them with incoming data bursts. LAUC-VF has two variations
which will be discussed in the next subsections. LAUC-VF reduces voids by selecting
the latest available unused data channel for each arriving data burst. According to [6],
given the arrival time £ of a data bursts with a duration L to the optical switching
matrix, the scheduler first searches for the outgoing data channels that are available

for the time period of (¢, + L). The scheduler identifies the channel with the smallest

gap between ¢ and the end of the last burst packet just before z [6].
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Figure 3-10: Latest Available Unused Channel with Void Filling (LAUC-VF)
An illustration of LAUC-VF algorithm is shown in Figure 3-10. From the figure,
it is apparent that channel D), cannot be chosen because at I, the available empty

space on this channel is not enough to fit the new burst data packet. D, cannot not be

an option because at time 7 , it is being used. Other channels such as D,, D,and D, are
all legible for selection. However, D, is selected instead of D, or D, because of the three

available channels (i.e. D, D,and p,), D, has the smallest gap between gap between ¢

and the end of the last data burst just before t. That is,/ =1, <! =1}, </ —=1;. LAUC-VF

algorithm is given in below.

Begin { LAUC-VF algorithm}
Step 1: 1= 0; x=t ;
Step 2: j= Ch_Search(x );
i (i<>-1)
{report the selected data channel j and the selected FDL i;
stop;}

else

{
1=1+1;
if (i>B)
{report failure in finding an outgoing data channel and stop;}
else
{x=x = (i, goto Step 2;}
}

End { LAUC-VF algorithm}

41



Implementation of Min-EV has a much longer execution time than the LAUC schedul-
ing algorithm, especially when the number of voids is significantly larger. Also it
achieves a loss rate which is at least as low as LAUCVEF, but can run much faster. How-
ever, it result in high bandwidth utilization and a low burst loss rate Ch_ Search(n)is a
function which searches for eligible latest available unused channel at time X,lis the
data burst arrival time and jis the outgoing data channel selected to carry the data

burst [6].
3.4.2 Variants of LAUC-VF

A number of the LAUC-VF algorithm variants have been proposed in the past
this includes [30]; Best Fit, Minimum-Starting Void (Min—S7’) and Minimum-Ending
Void (Min—EV). Each of these algorithms has its own features that complement it
and uniquely separate it from the other, for instance Min-SV is considered to be faster
in implementation, and it also functions just like LAUC-VF. (Min—EV)Is designed
to minimize the ending void. The Best Fit ensures that the total length of the starting
and the ending void generated after the reservation [5] is kept at minimum value. In
Table 3-1 below a detailed comparison of the performance associated with these algo-
rithms is given. In this case we mainly focus on the time complexity using the big-O

notation, the State Information and the Bandwidth Utilization of the algorithm [5].

Table 3-1: Comparison of scheduling algorithms

Algorithms State information Bandwidth Utilization Time complexity
Min-SV/EV T High oW log,,)
LAUC-VF I, High oW log,,)
Best-Fit (BF) Si,j ’ E,t,j High 0(log2 M)
LAUC Horizon, Low ow)
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When, implementing Min-EV from the table we can observe that it consumes more
time in execution as compared to the LAUC scheduling algorithm, especially when
there is a significant number of voids. On the other hand Min-EV achieves a loss rate
which is comparably lower than that of LAUC-VF, but LAUC-VF can execute faster.
However, this results in high bandwidth utilization and low burst loss rates. BF, Min-
SV and Min-EV algorithms are variants of LAUC-VF. All the void filling scheduling
algorithms tend to yield better bandwidth utilization as well as burst loss rate in com-
parison to the LAUC algorithm. However they have corresponding longer execution

times.

3.5 QoS Provisioning

The loss of data is one major concern when it comes to both circuit and packet
switched networks. The main cause of data packet loss are the previously highlighted
network challenges thus congestions, contention and in some cases route divergence
during alternation caused by broken network links. In real-time application the oppo-
site is true, data packet loss is not a major concern. In non-real time applications, for
example, file transfer and email. This is mainly because such applications can retain or
request for lost packets and these are retransmitted with little consequences given pro-
tocols that acknowledge the loss of packet retransmit are provided. The same cannot
be said about real-time applications such as telemedicine, video and voice. Packet loss
in such applications can have extreme consequences such as; distorted voice or unclear
images. QoS is a concept of technologies tolerate applications depending on their trans-
mission state to send and receive predictable services at different levels in terms of la-

tency variations, delay and bandwidth utilization|33].

In this section, we briefly explore QoS provisioning in OBS networks. The main chal-
lenge in maintaining QoS provision in OBS networks is the unavailability of optical
buffers/memories in the core network nodes. In OBS, the most important concern is to

be able to set priorities in traffic. Thus, one should be able to uniquely identify traffics
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as either low or high priority, hence the need for extra QoS differentiation mechanisms

can be successively implemented in OBs networks.
3.5.1 Concepts of QoS in OBS networks

There are various QoS metrics such as delay, throughput, packet delivery ratio,
hop count and control overhead [34]. QoS provisioning is basically the classification of
applications in terms of their priorities and functional mechanisms. Throughput is a
ratio of packets sent and packets received. Delay is measured by computing the differ-
ence between the times taken to receive a packet after an initial time taken when the
packet was sent. Thus QoS provisioning can either be relative or absolute. Relative QoS
is the performance of a class defined with respect to other classes. Absolute QoS is not
defined with any relevancy to other classes. In the next subsections we explore these

categories of QoS mechanisms.
3.5.2 QoS Categories

A general overview of classification of QoS mechanisms in OBS networks for the
purpose of this work only, we will focus on QoS differentiation with one-way signalling

will be discussed.

Control Plane Data Plane

Edge Node Core Node

Offset-time Varying Burst dropping Schemes
Differentiatio Assembly

Scheduling
Differentiation
n Parameters -
of Control

Packets

Key
Pre_drop — Preemptive dropping
Thr_drop — Threshold dropping.
I_B_drop — Intentional Burst dropping

Figure 3-11: Mechanisms for QoS provisioning.
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Figure 3-11 depicts the main components that can contribute to QoS provisioning in
OBS networks with one-way signalling. From the illustration above these components
are associated with the operation of the control plane through the signalling and rout-
ing functions and also with the data plane operation in edge nodes and core nodes. In
the next subsections, we further discuss in detail the mechanisms for QoS provisioning
in OBS networks. Firstly, we illustrate the categories of QoS provisioning and burst

dropping as follows:
3.5.3 Edge-based QoS differentiation mechanisms

As previously discussed section 3.1.1, the purpose of the edge node is to aggre-
gate incoming client’s packets into bursts according to their destination and traffic clas-
sification. At the egress node the process of de-aggregation of bursts data payload be-
fore it is transmitted to the client network is performed. For all these a features in burst
data packets a certain degree of QoS must be guaranteed. Currently there are two mech-
anisms that have been proposed for edge-based QoS differentiation. As illustrated by

Figure 3-13, these are; varying assembly parameters (burst —length) and Offset time-

based differentiation.

3.5.3.1 Burst Length based Differentiation (BLD)

The idea behind BLD is to assign HP class lower timer and lower burst length
thresholds than those of LP. As a result, short bursts will be able to use the voids gen-
erated by the already scheduled bursts. This will improve the performance of the HP
class relative to the LP class as far as loss probabilities are concerned. According to [38],
majority of traffic is assumed to be best effort, therefore to reduce the overall switching
overhead in the system, low-class burst assembly threshold larger than the optical
switching time must be selected. End-to-end delay is minimized by using shorter bursti-
fication timer for HP class. The disadvantage of BLD is its inherent complexity and

increased signalling overheads.
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3.5.3.2 Offset Time-based Differentiation

The technique involves setting extra offset-time to high priority bursts so that
they can be given priority when reserving resources for them. In such a case, there is an
absolute isolation between high priority (HP)and low priority (L P)classes. In that
way, we ensure that no HP class bursts are blocked as a result of the presence of LP
class bursts. This technique is renowned for its simplicity. It also reduces the loss prob-
ability of HP bursts by their postponed transmission [35]. However, its main disad-
vantage is that of sensitivity of high priority class to length characteristics [37], and

extended pre-transmission delays which may not be tolerated by other applications.

3.5.4 Core-based QoS Differentiation Mechanisms

One of the most important functions of the core nodes is to resolve the conten-
tion problem. That is where core node based QoS provisioning takes place. This is how-
ever achieved with the help of burst dropping techniques. The three burst dropping
techniques that have been proposed are; pre-emptive, threshold-based and intentional

bursts dropping.

With pre-emptive dropping, when contention arises the lower priority is pre-empted by

a higher priority one.

Full preemtion Partial preemtion

il N/

LP burs LPb
o [ N
o L

time

Figure 3-12: Full and partial pre-emption illustration

Thus, the LP burst is dropped / discarded. Pre-emption can either be full or partial as

shown in Figure 3-12. In full pre-emption, the whole pre-empted burst is discarded
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while in partial pre-emption only the overlapping part of the LP reservation is affected
[39]. Partial pre-emption efficiently utilizes the resources compared to full pre-emption.
The disadvantage of partial pre-emption is that it imposes additional complexity on
burst assembly. In threshold-based dropping mechanism more resources are given to
high priority bursts than to low priority bursts. This is done in accordance to a chosen
threshold parameter, for example; wavelength. Provided the required resource is below
the set threshold, both HP and LP bursts will be accepted. However, as soon as the
occupancy of the resource goes above the threshold, LP bursts are dropped but arriving
HP bursts will be accepted provided the resources are still available. However, there is
a problem associated with this mechanism. For example; when the threshold has been
reached, and the resources are still available and no arrivals for HP burst, LP bursts
will continue to be dropped. This leads to high drop rate for LP bursts. Intentional
burst dropping is just an extension of a pre-emption based QoS differentiation scheme
to provide absolute QoS. Intentional burst dropping mechanism maintains the perfor-
mance objectives of HP bursts at certain levels by intentionally dropping LP bursts

using an active discarding scheme [36].
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3.5.5 QoS mechanisms in OBS networks with one-way signalling

Table 3-2: QoS mechanisms in OBS networks with one-way signalling

(burst losses)

QoS Implemented | Supported Advantages Disadvantages
mechanism QoS model QoS parameter
Hybrid delay / - absolute end-to-end | - lower statistical multiplexing
signalling absolute burst losses loss and. deley guimm- gain, ineffient usage of bandwidth
tees for HP .
(less resources available for LP
traffic)
absolute - introduces QoS guar- | - controlling burst losses may
QoS routing | (delays) delay / im:celes B s be challenging (need the knowledge
. e about network state)
relative burst losses

Offset-time

differentia-

relative

burst losses

- simple, soft opera-
tion

- no need for any dif-

- sensitivity of HP class to burst
length characteristics

- extended pre-transmission de-

. ferentiation mecha-
tion ..
nism in core lay
nodes
Varying Absolute (de- - assembly parameters | - the resulting traffic characteris-
burst lays) Aelay | can be easily setup tics may influence network
assembly relative burst losses performance
parameters (burst losses)
Threshold- - Can be easily imple- | - the efficiency of bandwidth
ted
based drop- | relative burst losses mente usage strongly depends on
ping threshold adaptability to traffic
changes
Intentional - can provide absolute | - the link utilization may suffer
burst drop- absolute burst losses Qo - complex implementation
ping
Scheduling - priority queuing in | - extended delay (need for
f.ifferentia- relative burst losses Eizz;;llza;n];]tif:ﬁ?s:i da: longer queuing windows and so
= ied technique larger offset times to perform
of control effectively)
packets
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3.6 Summary

In this chapter, we discussed various burst assembly algorithms. The length based al-

gorithm performs poor in light load but better in heavier load. N, , unlike the length
based performs better in light loads and poor in heavier loads. The oL algorithm al-
ways outperforms the v, algorithm but it is outperformed by the other algorithms.
The T, . performs better than the timer and length based algorithms but it is outper-
formed by T,. Of all the algorithms discussed in this chapter, the 7, ,,, is the one which

performs better [42]. However, the choice of the algorithm to use is dictated by the
criterion of interest. That is, if the average burstification delay is the criterion, then

will be the best choice but when delay jitter is the criterion then and T,

LML\T TA VE
would be preferable. It is therefore desirable to have a single algorithm which will per-
form well in light and heavy load and also be the algorithm of choice irrespective of the
criterion of interest. After the burst has been generated, resources such as output chan-
nel/wavelength need to be reserved for the outgoing burst. In the next section burst
reservation protocols are briefly discussed. Furthermore, we looked into the Optical
Burst Switching. Our main focus was on concepts and architectures of OBS edge node
and core nodes of the OBS backbone network. This included the various functions
which are performed by either the edge or the core nodes. Some of the functions are;
burst assembly which deals with aggregation of packets into bursts. In burst assem-
bly/aggregation we presented algorithms such as the Time-based, Length-threshold
based and Time/Length hybrid. We also focused on burst reservation protocols, burst
scheduling algorithms and contention resolution mechanisms. All these are potential
areas which define the service quality in OBS network backbone channel. In this work
we would like to improve these factors which affect the QoS in OBS networks. We at-
tempt to improve on contention and congestion at all switching levels in OBS networks,
by proposing an efficient buffer less technique for data transmission with minimum to
zero data transmission delay. Any attempt to do so is preceded by a comprehensive

study of traffic models and traffic prediction methods.
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Chapter 4. Traffic Modelling

NGN will bring with it various multimedia applications with varying service re-
quirements. Each communication service request will comprise classified burst data
packet transmission handling hence the end-to-end service configuration created for
each channel would be data specific for effective transmission. This makes the manage-
ment of future networks to be a challenging task. Each burst data packet when being
transmitted over the OBS backbone network after the configuration of the channel by
the control packet tend to occupy the defined path for a certain period of time hence
blocking the utilization of the channel by other communication requests. Consequently,
the study of congestion and contention minimization strategy entails the identification
or prediction of a best traffic model that can be implemented on any defined network
to balance the channel utilization amongst communication requests and improve data
transmission for all service requests. A good traffic model or analysis optimizes the way
the network functions in an effort to minimize latency, maximize capacity as well as
provide high reliability regardless of bandwidth available or any other network failures.
On the other hand, this would absolutely give accurate estimation of the network per-
formance based on various network variables and helps in capacity planning. There-
fore, in this chapter we explore the technical operations in a bid to identify a model
that we can apply in our work. Specifically, we would use it for modelling in our pro-

posed congestion and contention minimization strategy in chapter 5.

4.1 Traffic Models

For proper resources utilization as well as dimensioning by network designers, an esti-
mate of the traffic levels need to be made prior to any transmission. We thus overview
traffic models that will assist in the design stages of such predictions. If proper models
are implemented, the occurrence of both congestion and contention is likely to be min-

imised. Ultimately, we will select an appropriate model for applying in our work’s main
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objective, i.e. that of minimising both congestion and contention in every backbone
OBS network. The following concepts depict the available options that can be applied

to this work.
4.1.1 Poisson Distribution Model

The Poisson traffic model has been utilised quite extensively over the years. The traffic
model is mainly used for analysing traffic in traditional telephony networks [40] be-
cause of its buffer-less nature. The model is mainly effective if the data packet arrivals
are from several independent sources, referred to as Poisson sources and will then be
redistributed at random times and channel to their destination sources. The arrival

packets are distributed with a parameter rate

A:p{A, <t} =1—exp(—At). (4.1)
Where, A is the traffic load, and p is probability.

In this distribution model the mean and variance are extracted from the approach used
in binomial distribution, this is also widely used in most queuing models. In general a
number of interesting mathematical calculations have been used in order to enhance
the accuracy and feasibility of the model. For instance, the aggregation of several inde-
pendent Poisson processes results in a new Poisson process. The model is also common

used in traffic application scenarios where a large number of independent traffic

streams is of particular importance.

Two main assumptions associated with this distribution are:-

e the number of customers/ clients is assumed to be infinitely large;

e the source data traffic arrival pattern is random;

The probability density and distribution functions for this model are:
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The main conveniences associated with using Poisson distributed models is that they
are manageable which makes them analytically tractable. However, Poisson models
significantly underestimate the queuing performance by not taking its burstiness na-

ture into considerations. Traditional data traffic nature in this case can be described by

a random point process. This is a process whereby @ = {tn n2 1} is a sequence of ran-

dom points [, at which a traffic event would have occurred, Thus;
O<t1<t2<00 (4. 4)
With, I, —> 0 asn — 0,

The point process has two interrelated processes designed to improve its overall output
generation these are: inter-arrival process and counting process. The counting process

{N@ :r=0} for @ is the number of points that fall in the interval(0,¢). Let
Tn =1, =1, , then the process P = {Tn “n> O} is the inter-arrival process. In this model,

the inter-arrival process is exponentially distributed, thus making it memory-less, and

greatly simplifying the analysis of a queuing system.
4.1.2 Pareto Distribution Process

The Pareto distribution model focuses on the time intervals between data packet trans-
missions over the backbone network. In its approach the idea is generate independent
and identically distributed (i.i.d) data packet transmission time inter-arrival [41]. In
general, if given X being random variable of any number of data packets within a
Pareto distribution, the probability that X is greater than some number X :

“k

X
P(X>x)=|—| ,forall x>u, (4, 5)
X

m

The probability distribution and density functions are represented by;
f(1)=ga’c™ (4, 6)
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B
F(1)= 1—[3j , (4, 7)

t

Where,a,=20>a

The parameter f and @ are the shape and location parameters, respectively. This
model is applied to self-similar arrival in data packet traffic transmission. It is well
known as the double exponential distribution. Another attribute that attached to this

model is that it consists of an infinite variances when £ > 2 and generally achieves a in-

finite mean, when 8 <1

4.1.3 Autoregressive Model

Autoregressive model is a linear prediction formulae model that predicts any given out-

put Y, of a system based on some previous record sets of outputs {yk }Where k>nand
inputs x, and {xk} wherek >n. This approach is based on the number of variables of

the model specification or attributes that are mathematically adjusted with minor
changes for the actual prediction results. Because model is highly dependent on previ-
ously generated outputs of the system, it is therefore referred to as the Auto-Regressive
Model otherwise it would be referred to as the Moving-Average-Model (MA4M) if it
were to be dependent on the present inputs to the system it. The are other prediction
models that depend on both input and output of the system these are also known as

Autoregressive-Moving Average models.

Autoregressive model of order £ denoted as AR(p), takes the following format:

Xr:RlXt—l+R2Xr—2 -I-...-I-RpX,_p +W} ) (4, 8)

Where, W

., is the white noise, R;are real numbers and X are the prescribed corre-
t

lated random numbers. The auto-correlation function of the A4 R( p) process consists

of damped sine waves that are highly dependent on the state of the model solutions

thus either real or imaginary. Discreet Autoregressive Model of order 0 , denoted by
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DAR(p), generates a stationery sequence of discreet random variables with a proba-

bility distribution and with an auto-correlation structure similar to that of the Auto-

regressive model of order O .

4.1.4 Weibull Distribution Process

The Weibull distribution is a versatile distribution that can take on the characteristics
of the previously discussed traffic prediction distribution models, this model is based
on the value of the shape parameter. It can model ON/OFF data packet sources. The

distribution function in this process is given by:

t

F(t):l—ei[ﬁ]a,t>0 (4, 9)

and the density function of this process is also given by:

Fi)= o:,B”‘t"”e["jJ >0 (4, 10)
where the parameters >0 and o >0 are the scale and location parameters.

This distribution is directly related to the normal distribution. For the density function
at S <1the distribution gives an L shape in a graphical illustration and when the values
of B positively increase thus B >1 a bell shape graph is produced [42]. Weibull distri-
bution gives a failure rate increasing with time, for > 1. The failure rate decreases
with time. At g =1, the failure rate is constant and the lifetimes are exponentially dis-

tributed.
4.1.5 Markov — Modulated Poisson Process (MMPP)

The MMPP uses a finite number of states a traffic source on a network. It basi-
cally is a process, belonging to the class of Markov renewal processes, where arrivals
occur according to a state dependent poisson process with different rates governed by
a continuous-time markov chain. As the accuracy of the model increases the number of

states also increases as well, this gives a linear relationship between the network states
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and model occurrences. Therefore, this model has correlated processes that have a trac-
table queuing analysis and can be used to capture the randomness at different scales.
Furthermore, it is versatile to capture traffic characteristics. Assuming M (r) be a Mar-
kov process with state space{0,1,2,..., M}. If the probability law of a process is deter-
mined by the state of the current state of A/ () completely, then the process is called
a Markov modulated process. This Markov modulated process is classified by the mod-
ulated processes. A two state MMPP is shown in the diagram below together with the

queuing approach.

1 Queue
2
3
L
. —_—
S
Sources % :: I I I I
—_—
—
.
e — M (queue size)

Figure 4-1: Queuing analysis for ON/OFF model

In this case the MMPP introduces some correlations between successive inter-arrival
times, and therefore can capture the bursty nature of video traffic up to some extent.
With different number of states of the modulating Markov chain, the MMPP can be

used to model different traffic sources [43], [44]. The simplest case however, is the one

that uses MMPP to model ON/OFF traffic sources.

The two state (ON and OFF') process in this model can be diagrammatized as follows:
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Hp

Figure 4-2: Two state (ON and OFF) MMPP

In this case the arrival during the OFF period is zero, while the arrival process during
the ON period is the arrival rate of traffic. This model is sometime denoted as Inter-

rupted Poisson Process (IPP).

4.2 Traffic Prediction

As previously indicated in the above sections, traffic modelling prediction are one of
the fundamental issues in network traffic engineering and management. In designing a
network for future generation applications one will be required to know the amount of
incoming traffic on a particular channel/node such that the incoming burst packets
would be processed according the configured QoS requirements or next hop congestion
free routing channels, hence this gives us all the reasons to require a more feasible traffic
predicting models in future generation networks. For the purpose of this thesis under-
standing traffic prediction concepts is essential because later we will propose congestion
and contention minimization strategy with background alternate path searching which
will be used in the eminence of congestion or contention. Hence the alternate path will
use traffic prediction algorithms in order to find the best channel redirect all burst data
packets. However, the main draw back in traffic predictions is that traffic patterns and
behaviour change from time to time depending on the applications sending data to and
from source to destinations. In section, we look at an overview of some traffic models

that can be implemented in this work.
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4.2.1 ARMA Predictor Models

The general model for ARMA process as illustrated in [64], the prediction is performed
using previous statistical data values on each network node to predict future traffic
capacity. The correlation structure in this model makes it possible to predict future

traffic rate. Given that Z,is the white noise process and B is the backward shift opera-

tor, then the general model for ARMA process is such that;

#(B)X, =0(B)Z, (4.11)

Where B is defined as;

BX, =%, 1, B'X, = X, 5, cis.

#(B) and 9(B) are polynomials of B:

#(B)=1+4,B+4,B* +..+4,B" (4.12)

O(B)=1+6,B+6,B* +..+6,B" (4.13)

The above process is 4 RMA(p.q) process. However, wheng =0, 4RMA(p,q)becomes

a AR(p) process and a MA(q)whenp=0.

4.2.2 Linear predictor- Least Mean Square Error (LMS)

LMS based traffic prediction was proposed for online real time applications such
as video traffic. Two schemes in this model have been proposed time-domain Normal-
ized Least Mean Square (NLMS) and the wavelet-domain NLMS based adaptive pre-
diction scheme. The wavelet-domain NLMS based adaptive scheme “exploits the redun-

dant information in the wavelet transform coefficients for accurate prediction” [64]. Given

that IQ/(n +1) is the estimate of the number of packet arrivals during the (7 + 1) th frame,

this follows that [66];

N@+1)=> w,.N@—j+1) (4.14)
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where 1., i €1,...,/V,are the filter coefficients and his the length of the filter. The er-
ror e(n)of the n-th frame is given as [61];

e(n) = N(n) — N(n) (4.15)
the coefficients of the filter are updated at each iteration as follows; [66]
w,(n+1)=w,(n)+de(n).Nn-i+l) (4.16)
O is the step size.

4.2.3 FARIMA Predictor Model

FARIMA model uses time series values from current and past values. FARIMA
predictor an improved version of the LRD (Long Range Dependence) process because
it mainly uses the series calculation of data packets at random intervals. This illustrates

the slow decrease of the autocorrelation function y(h) and the FARIMA process func-

tion is defined as:
HBYI-BY'R =0(B)7, 1)

where — % <d< % . While Z, is white noise with zero mean and variance O (1 —B)d

is the fractional difference operator.

If —% <d< y , R, is a stationary process and d = H — % , where H is the Hurst param-
eter.

In [64] FARIMA (p, d, q) process {Xt ct=...

—1,0,1,...} was defined as follows,

H

X=y¥Va (4.18)
j=0
and
a,=X7X,, (4.19)
J=0
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where

fOLPJ.Bf - O(B)D LBV (4.19)
=
and
Zoﬂ'ij -—oBe LByv? (4.20)
J:

letting XEh) denote the h-step forecast made at origin ¢ of Xr+h at time 7 + A, then it

follows that;

X(h) = —i & Xons (4.21)
j=1
where
XM =gy — g B 1 (4.22)
72'11- = 7Z'j or
X (h) = i‘{’jath (4.23)
=

and the mean square error of the h-step forecast is given by;
" i 2 21 S y2
o (h=EX,,-X:(h) =0 Z\Pj : (4.24)
=0

The parameters for FARIMA are estimated using historical traffic data. The factor d is
calculated using the Hurst parameter I which is estimated using methods given in ap-
pendix A, the implementation of the wavelet method is given in appendix B. The steps

to predict the future value are given by the step-by-step procedure illustrated as fol-

lows: [58]
a) Compute y(n)={0(B)}" d(B)x(n), ¥(n) is FARIMA (0. d, 0).
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A k
b) Compute the best liner predictor of y(n) , by applying [64]: y(n) = Z ﬁ,gy(n —J),

J=1

(4,25)

where

B = k\T(j-d)(k—d - )
" \J) T(=d(k-d+1) - (4.20)

¢) Calculate the predicted value, x(n) = 0{(B)}™ v(n).

d) Update the previous data when actual traffic becomes available.

e) Estimate the parameters of ¢(B), and O(B).

f) Check for the convergence condition and check for all zeros of #(B) , and O(B) to

be outside the unit circle. If all conditions are met, go to step 1 and estimate the

next value.
4.2.4 Linear Predictor with Dynamic Error Compensation

Linear predictor models consist of various differentiations, we have autoregressive lin-
ear predictor (ARLP), moving-average linear predictor (MALP) and autoregressive
moving-average linear predictor (ARMALP) some we have briefly discussed in the pre-
vious sections. Some predictors which can also be used for traffic prediction are MSE,
FARIMA and Gaussian. Most of these predictors do not take into consideration the
white noise; therefore, the accuracy of such models may be questionable. It was on this

drawback that motivated the evolution of linear predictor with dynamic error compen-

sation (L-PREDEC).
Let’s suppose the mean traffic data rate (bits/ ps) is to be calculated for interval (tl : t2)

, (t1:62),..., where Ly—L = d, is the size of the observing window, then a time series
of the traffic rate R ,R,.R,......R,is obtained [62]. Applying a linear predictor on the

time series and based on correlations structures of the time series, a linear predictor

RR,+;, predicts the future value R,+;, of a time series R(¢) based on previous values of
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R,.R,.R,......R,. However, in practice only limited items can be used from past his-

tory, hence;

Pth+/l =m+ iai (Rt—i+1 - I’)’I) (427)

i=1

where m is the mean of the time series R(t).
L-PREDEC predictor is made-up of two parts. That is; the linear prediction part;

LPR (4.28)

o+l
where LP is the linear predictor and the error compensation part is given by:
fee(R, —LP_,R,) (4.29)

where fec is a function to calculate the error compensation from the last prediction.

Therefore, combining (4.13) and (4.14) we get:

PR, =LP, +f.(R~LP_R) (4.30)

7+

The mean of the positive bias of L-PREDEC is given by;

1 —x
exp dx 4.31
L” J27o,, [205,4,, J (4:31)

where X = fec .

4.3 Summary

In section 4.1 we explored the various traffic models that can be implemented over the
OBS network in order to manage the capacity and performance of the network. In each
case of the model there are pros and cons. As we have observed in this chapter the type
of network under study and the traffic properties strictly influence the selection of the
traffic model to be used for analysis. Again it has also been noted that the traffic models

than cannot capture or describe the statistical properties of traffic should be avoided
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since they consequently would give under-estimation or over-estimation of the network
performance. Over and above in all kinds of networks there is no single application of a
traffic model. For instance, on the models explored in this chapter, a heavy-tailed traf-
fic would either be under-estimated or over estimated by the Poisson model and in high
speed traffic networks with unexpected demand on burst packet transfers, the Pareto
based traffic model would be the most ideal traffic modelling approach to be used
simply because the model takes into consideration the long term correlation in packet
arrival times [52]. In section 4.2 we discussed the traffic prediction models. Since the
ideal target of this work is to manage the available resources, such that congestion s
well as contention occurrences are minimised, we opt for Traffic predictions based
models, as they would significantly improve our congestion and contention minimiza-
tion strategy. As such the FARIMA traffic prediction model has proved to be a pre-
ferred candidate for data network traffic predicting since it can adequately capture self-
similarity, short range and long range dependant traffic characteristics. We thus will
utilise it in the evaluation of our proposed congestion and contention minimization

strategy in chapter 5.
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Chapter 5. Congestion and Contention Minimization

Current global data traffic is increasingly dominated by delay and loss intolerant
IP traffic. This IP traffic displays a structural self-similarity. Due to the buffer less
nature of optical burst switched (OBS) networks, contention and /or congestion in the
core nodes can quickly lead to degradation in overall network performance at moderate
to high traffic levels due to heavy burst loses. Several approaches have been explored
to address this problem, notably measures that minimize burstification delays, conges-
tion, contention and blocking at the same time enhancing end-to-end throughput as
well as rational utilization of the links. In this way contention and congestion conse-
quently lead to QoS degradation for delay as well as loss sensitive. Noting that both
congestion and contention minimization are key to a consistent QoS provisioning, thus
the objective in this chapter is to ultimately propose and analyse a scheme that seeks
to minimise both in a bid to guarantee a consistent QoS as well as rational and fair use

of available links. We address this in steps as follows: -

e [First we define congestion, sources of occurrence, as well a review of possible

avoidance measures and mechanisms in OBS networks.

e This is followed by contention, sources of occurrence, as well a review of possible

avoidance measures and mechanisms.

e [Finally, we propose and analyse a congestion and contention minimisation
scheme. It is primarily a service differentiation based scheme that aims at con-
gestion, blocking and latency minimization, by way of combining time aver-
aged delay segmented burstification, and random shortest path selection based

deflection routing and wavelength assignment.

5.1 OBS Network Congestion

Congestion as defined by the ITU-T is a state of network elements (e.g. switches, con-

centrators, cross-connects and transmission links) in which the network is not able to
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meet the negotiated network performance objectives for the already established con-
nections and/or for any new connection requests. In general, congestion can be caused
by, unpredictable statistical fluctuations of traffic flows or fault conditions within the
network. In an OBS network congestion can be e.g., at link level (more traffic than
what the assigned wavelength(s) can handle), at wavelength level (non- availability of
a wavelength, hence continuity failure), switch level (e.g. no wavelength converters),
as well as at BHCP controller level (i.e. the switch not being able to process all the
incoming BHCPs in real time). Noticeable effects include burst losses loss or the block-
ing of new connection requests, increased queuing delays as well as end to end delays.
A consequence of the burst losses or blocking of connections is the increase in the offered

load ultimately leading to a drop-in network throughput.
5.1.1 Sources of Congestion

The congestion problem in OBS networks cannot be solved by merely provisioning
more buffer space, higher capacity links, more wavelengths, or high speed BHCP con-
troller processors. In essence, it is not a trivial problem because of the various require-
ments such as low overhead, responsiveness, fairness and so on. Location of the origins
of congestion is widespread including both the edge and core. In this section, we are

going to explore a few of these sources.

5.1.1.1 Edge Nodes

At the edge nodes data packets are aggregated into bursts. The burst packet generation
is mainly defined by various algorithms at each node in the backbone network. From a
practical point of view congestion is highly attributed by the approach in burst aggre-
gation and burst deployment processes applied at each edge node. In the event that the
configuration settings at the edge node is maintaining a small size of the burst length
this implies that more data burst are going to be generated compared to a large burst
length size that also implies a slight increase in delay of burst packet deployment while

the edge node waits for large burst length formation. This also implies a longer offset
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time required for burst padding in the event that no packets have been received for

data burst generation. This scenario may be graphically represented as follows:
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Figure 5-1: Change in Burst length maintained at the Edge node.

5.1.1.2 Burst Offset Time

In terms of offset time between the burst and its corresponding control packet, if the
offset time is not adequately configured to give enough time for resources to be config-
ured after a control packet is sent through into the network channel but before the
deployment of the data burst this will generally cause congestion in the OBS backbone
network. The control packet is intended to preconfigure the network resources and on
arrival of the burst packet at each network node the burst packet should fly by the
designated or predefined channel without any processing involved. Now if the offset
time is not properly configured this will force the network switch or node to drop other
connections while waiting for the current burst transmission to be completed. Only af-
ter then will the switch be available for other connections. Because of the buffer less
nature of this paradigm the configurations at the switching channel are based on the

information extracted from the control packet. This also follows the same criteria as
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the congestion at the edge node. Given enough or adequate offset time, congestion is
reduced since there is no delay on the burst transmission at each network node. An

increase in the offset time reduces congestion.
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Figure 5-2: Increase or Decrease in Burst Offset time.

If the offset time is generally small, the network channels will be flooded with bursts
since after a short period of every control packet deployed a burst follows. This will

cause overload and consequently congestion in the network.

5.1.1.3 Burst Assembling

In burst assembling, there are various forms of algorithms that have been explored in
this work. Currently the best and most effective assembling algorithm is the hybrid
approach. The hybrid approach is comprised of the average time threshold algorithm
and the burst length threshold. In average time the data packets are generally aggre-
gated to form a data burst at a given average time and on the elapse of the average time
the burst is compiled and deployed. In the imminence of low traffic capacity where the

data is not filling the burst to the average minimum length, the data burst is filled with

66



padding to a minimum length (L., ) in preparation for deployment. The assembly ap-

proach can cause congestion through generating voluminous data burst that can cause

congestion.

5.1.1.4 Deflection Routing

Deflection is also another source of congestion and contention. It was designed to alle-
viate congestion and contention conditions but as the algorithm is applied it is most
likely to be a source of congestion through over utilization of the deflection routes them-
selves. Affected bursts designated for a particular route are redirected to an alternative
route due to congestion or contention in the initially configured route. As the network
traffic load increases burst are continuously deflected to a single alternative route that

will in the long run be congested due to traffic increases.
5.1.2 Congestion Avoidance Schemes

Congestion control in OBS networks is quite crucial. Excessive congestion levels may
lead to high burst losses. Whereas it has been studied extensively with regards to its
controlin ATM and IP networks, it however poses several new and unresolved scenarios
for OBS networks. Since an OBS network operates largely independent of any electrical
or optical buffers at its interior nodes, congestion control schemes that are applied to
buffered networks like ATM differ considerably in their architecture to that of OBS
networks. In an OBS network, congestion and contention are interrelated, hence their
distinguishing boundaries quite ambiguous. In a way drive, each other, but congestion
is relatively more transient in nature. Contention leads to burst loses due to lack of
wavelengths at a given output port. But the bursts arriving immediately after the losses
might just pass through fine. Congestion tends to be prolonging over a lengthier time

frame and leads to increased contention problems over a longer time period
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5.1.2.1 Deflection.

Since the OBS network is buffer-less in nature, deflection techniques received much
attention as a key contention resolution strategy. It can work with limited optical buft-
ering or even no buffering at all. In this case edge nodes aggregate the incoming traffic
into variable length optical bursts and core nodes asynchronously switch these bursts.
A key characteristic of OBS is the hybrid approach in which burst control packets are
signalled out of band and processed electronically while data bursts stay in the optical
domain until they reach their destination node. This avoids buffering as well as syn-
chronization problems that are present in optical packet switching. The one-pass reser-
vation ensures elimination of significant signalling delay. However, due to this one-pass
reservation strategy and statistical multiplexing, burst loss can occur in case of conten-
tion. For this reason, deflection may be considered as an efficient resolution strategy in
to achieve a low burst blocking probability. The contending bursts must be deflected
to an available output port rather than delayed. This is partly illustrated in Figure 5-
3. In this case this approach can work with limited optical buffering or even without
buffering [69] [70]. The basic idea is to utilize other unused links in the network. Since
different output links are selected for the contending bursts in a deflection routed net-
work, contention can be avoided. However, this also has its limitations and problems.
For example, if we consider a situation where a burst transmission request arrives at a
given node and cannot be accommodated on any output fibre that could connect the
burst to its designated next hop. The burst may be deflected from its original next hop
onto a fibre connected to a different next hop node that can accommodate the burst. It
then becomes the responsibility of the alternate next hop node to re-route the burst on
to its destination. Sometimes it is possible that this deflected route may even pass back
through the node at which the burst was originally deflected.

In general deflection proves to be a more effective strategy when implemented in a reg-

ular mash topology.
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Figure 5-3: Conceptual view of deflection routing.

Figures 5-4 and 5-5 illustrate, resources reservations with and without deflection re-

spectively.
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Figure 5-5: Resources Reservation with Deflection

Overall, deflection routing has proved to be a simple and yet powerful contention reso-
lution technique. Its main drawback is that some bursts can remain in circulation

within the network or rather get lost as the network traffic gradually increases.

5.1.2.2 Fibre Delay lines

In traditional packet-switched data networks, buffering is used to contain contention.
Utilising the buffering approach to OBS networks is relatively complex as there is no
matching RAM as yet. Instead, FDLs can be used to delay packets in the times of con-
tention. An FDL is constructed using a piece of optic cable and thus the induced cannot
be varied, as once the data packet is forwarded to the delay loop it cannot depart till it
has traversed to the other end. The magnitude of delays incurable is a function of length

and typically about Susec delay /km of fibre.

Another approach to designing a FDL buffer is by employing multiple basic delay loops
of varying lengths in a parallelised structure. Depending on the type of the basic delay

lines applied, FDL buffers can be classified into broad categories, namely fixed-delay
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and variable-delay [70]. With the fixed-delay type [70, 71], each loop provides only a
prefixed delay as shown in Figure 5-6.

>

Figure 5-6: Fixed Delay-FDL basic Element.

As opposed to the Fixed Delay FDL, with variable-delay-FDL [81], each delay loop
has a multistage structure, where each stage comprises 2X2 switch arrays and a fixed
delay line as shown in Figure 5-7. For each stage the data burst traverses the associated
delay line or the zero delay line. This makes it possible to obtain differential delays by
appropriately configuring states of the switches. Such buffers can provide delay values

with a much finer granularity. However they are more costly.

di & dad

XX AL -

Figure 5-7: Variable Delay FDL buffer Basic Element.

It is noted that FDLs are more effective in controlling burst traffic under low to mod-
erate traffic loads, since their increasing in number reduces the wavelength conversion

requirements.

5.1.2.3 Wavelength Conversion (WC)

One of the most effective measures towards alleviating congestion is in the usage of

WCs. In this case if two bursts are destined for the same output port at the same time,
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a WC is being used to convert one of the i/c bursts to a deferent free wavelength on the

same output port in order to eliminate any possible conflicts in wavelengths.

Tuneable wavelength converters (TWC) are used to change the carrier frequency of
contending bursts. If a switch can convert any input wavelength to any of the N chan-
nels at the output, it is said to have full wavelength conversion capability. Wavelength
conversion can be either full or partial. In full wavelength conversion, there are as many
converters as there are wavelengths, whereas in partial wavelength conversion, there
are fewer converters than wavelengths. In the latter case the converters are organized

in a converter pool, for which the number of converters is an essential parameter.

Wavelength conversion reduces contention thus the overall blocking probability of an
optical switch is reduced. For a given normalized load, blocking probability is lower
when more WCs are available. However, it should be noted that WCs are relatively
expensive. In practice, there is a limit on the number of available WCs. The number of
available TWCs may be a fraction of the channel count. Also, there is a limit to the
tuning range of wavelength converters. A given input frequency may only be convert-

ible to a reduced set of the output wavelengths. The effect of these constraints on the

blocking probability is studied in [82] and [83].

5.1.2.4 Hybrid scheme

Dynamic resources assignment response to the resources requirements of new emerging
services is a key demand as well as advantage of I'G optical networks. Hybrid schemes
have been devised to integrate two or more congestion and contention control measures
in backbone OBS networks. In practice any of the three basic contention resolution
schemes in optical networks, i.e., FDL buffering , deflection routing and wavelength
conversion can bring about a reduction in contention and improving the performance,
relying merely on one scheme might not be adequate to achieve an acceptable and

consistent QoS and in some situations prohibitively costly.

Merely and exclusively utilising FDL buffering for contention resolution necessitates

the use of a bulky fibres, which may not be cost effective. Furthermore, equipping a
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switch with WCs is not sufficient to alleviate the contention problem in case of an in-
sufficiency of available channel numbers. However if the number of channels is large
and the full wavelength conversion method is to be applied, it can be costly. It has been
demonstrated that in certain scenarios where the network is loaded, applying deflection

routing cannot improve overall performance [83].

One way of addressing the shortcomings of primary contention resolution schemes, is
to deploy their hybrid derivatives in which two or more of the primary approaches are
incorporated to yield a hybrid version.[82], [83], [84]. This will add degrees of flexibil-
ity in the design since the design of a hybrid contention resolution is subject to two

different objective functions that require optimising:-

e The need to maximize a given performance measure such as throughput or
blocking probability, with a given set of available contention resolution mecha-
nisms.

e The overall minimization of the contention resolution resources demands sub-

ject to a projected performance measure

Some hybrid schemes may incorporate all three primary contention resolution schemes.
Even though this will increase the overall complexity as well as cost of OBS network

architecture. The following are perspective hybrid schemes:

e Wavelength conversion with FDL buffering (WC-FDL):

e Wavelength conversion with deflection routing (WC-DR) [119].

Wavelength conversion is common in both the above techniques for the following rea-
sons. WCs can easily be integrated into the optical node (switch) architecture and sec-
ondly wavelength conversion schemes have relatively higher potential for improving
performance. Comparing WC-FDL versus WC-DR) recent studies have shown that the
earlier outperforms the latter [85]. An option of combining different types of FDL buff-
ers and WCs has also been explored.
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5.2 OBS Network Contention

The approaches discussed so are fairly classical. Burst non-discarding versions have
been explored as well. There are also other techniques that have been developed specif-
ically to address the contention problem in the OBS network. With the previous meth-
ods, if wavelength conversion, buffering or deflection routing fails, the entire burst is
dropped. Another objective of the methods in this section is to reduce burst blocking
probability. In contrast these schemes reduce burst blocking and promote partial burst

transmission (reduce data loss). These include;
5.2.1 Sources and Causes of Contention

As discussed in the previous literature contention arises in an OBS router if two or more
burst packets compete for the same output fibre on the same wavelength at the same
time. A lot of techniques have been devised to address the contention problem. Some
of these approaches are reactive approaches, thus they detect contention and then ap-
ply the technique and some approaches are proactive, thus they tend to avoid conten-
tion over the network nodes during normal functionality operations. Before we address

the technical approaches, we will first explore the main sources of contention in OBS.

5.2.1.1 Wavelength Assignment

In optical networks wavelength assignment is designed to give a wavelength division
multiplexing that definitely meets the high bandwidth requirements of next generation
networks by dividing the huge transmission bandwidth channel into multiple commu-
nication channels with bandwidths of approximately 10 gigabits per second. Since the
primary building block in wavelength assignment is the light path. The problem of
wavelength assignment is also known as the Routing and Wavelength Assignment
(RWA). This RWA addresses the importance of providing routes with non-conflicting

light paths. Current approaches as discussed in the previous chapters apply static rout-
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ing spectrum, incremental routing spectrum and dynamic routing spectrum. These ap-
proaches if not correctly configured they cause congestion and contention on the net-

work. A detailed illustration of how these components cause congestion is as follows;
e Static routing Spectrum

In a static routing spectrum data burst are routed and allocated a light path based on
the preconfigured channel for their output port in a routing table. In actual fact the
entire connection set between network nodes is known. This approach causes congestion
even in low traffic capacity rates, this is mainly due the pre-defined connection routes,
for every control packet destined to a particular route node the network channel is
never changed. It is therefore possible to have more than one data burst channel for the
same output port. On arrival, all burst packets are routed to the same channel while
other channels remain idle. This causes congestion in one channel. In other words, there

is no flexibility of rout changing. This approach can be diagrammatized as follows;

Static-Channel Congested with
Burst Data Packets Packets H+

Burst Packets

( ) &8 (8
Burst Packets

s B

* Free / Available-Channels under utilized

Network Switch

Figure 5-8: Static Routing Spectrum Incremental Routing Spectrum

In an incremental routing spectrum approach light paths are allocated to each channel

sequentially. This also underutilizes resources, in most cases an initially allocated light
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path may be returned after a shortest transmission but that light path will not be uti-
lized if the sequential allocation to channels has not completed the first cycle. In this
approach contention is most likely to emanate in heavy traffic load since the arrival of
new data burst will have to share the light paths that have not been used before because

of the sequential channel allocation approach.
¢ Dynamic Routing Spectrum

This is one of the most effective wavelength assignment in this case each light path is
setup for each connection request as it arrives, however the primary difference with
other light paths is that, each light path is released after a finite time of utilization, this
time is also known as the holding time. Hence by this approach there is a great reduc-
tion in blocking connections and maximizing the number of connections that are estab-
lished in the network at any given time. Again, a poor configuration of the holding time

leads to congestion and contention.
5.2.2 Contention Avoidance / Resolution schemes

Since data bursts from various source nodes may converge at a network core node ran-
domly, contention will result if or more of them are demanding to use the same output
port and wavelength at the same time. If no measures are in place to address the con-
tention issue, all contending bursts would be discarded, this leading to a serious degra-

dation of network performance.
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4 Frequency

Time

Space

Figure 5-9. Illustration of contention control elements in the optical domain.

Because each data burst is formed as a result of aggregating several 1P data packets, it
is vital that contentions be managed carefully. Reactive approaches in controlling con-
tention are predominant. Essentially, this implies the approaches attempt to resolve
the contentions only after occurrence. Thus they are also referred to contention resolu-

tion methods.

As depicted in Figure. 5-9, we note three main generic directions that form the basis for
resolving contention in OBS networks: time, frequency, and space, which are respec-
tively represented by FDL buffering, wavelength conversion and de-flection routing
[85]. A single contention resolution mechanism is likely to incorporate only one of these
basic techniques or otherwise apply a hybrid integrated scheme that employs two or
three of the techniques at the same time. Figure. 5-10 shows a taxonomy of contention

resolution schemes for such networks. These are discussed further in the next section..

5.2.2.1 Contention Resolution with Wavelength Conversion

According to the commonly used Erlang’s formula, a loss system with a given input
traffic intensity, the probability of request blocking can be effectively lowered intro-
ducing parallel servers [86]. In fact, this approach stems from the asynchronous multi-

plexing gain that increases as with increase in the number of parallel servers. Usage of
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WCs in WDM optical networks stems from this observation. In practice, it means a
burst arriving on a given wavelength would have been blocked because the channel
with the same wavelength on the appropriate output link is currently in use. However,
a WC can be utilised to instead send the burst on an idle channel of the considered
output link on a different wavelength that the originally designated one. Thus, the use

of WCs enables inter-wavelength statistical multiplexing. Two types of WCs exists:

fixed and tuneable [86], [87], [88], [89].

In fixed WCs, light paths or wavelengths at the input or output of the WC is always
fixed, whereas a tuneable WC can convert any incoming wavelength to any outgoing
one. There are also WCs that have a stipulated wavelength conversion range or limited
wavelength conversion range, thus, for any incoming light path or wavelength it can

be converted only to one of the adjacent wavelengths.

WCs can be implemented in a core switching node in various ways [88], [89]. In simplest
form, they are known to perform wavelength conversion, in which one can be used per
input or output wavelength channel. The figures 5-11 and 5-12 illustrate a switch ar-
chitecture that incorporates full wavelength conversion at both inputs and outputs, of

the switching node.

Wave. C. & FDL FDL & Deflec.

FDL buffering Load control

Burst
segmentation.

Wave. C. &
Deflec.

Wavelength conv. Wave. C. &
Deflec. & FDL

Deflec. routing

Figure 5-10: Taxonomy of classical contention control mechanisms [85].

78



In this case, the appropriate approach would be in the use of a fixed wavelength. For a
node equipped with full wavelength conversion, a burst arrival on any wavelength can
be transmitted at any wavelength at the desired output port subject to. Availing a large
number of wavelength channels at any given port, full wavelength conversion can guar-
antee reduced blocking even though this may not be cost effective as WCs are expen-

sive.

Alternatively, partial wavelength conversion can be a viable solution [89]. In imple-
menting the latter, another leeway is introduced. One of the options, in this case, is to

create a pool of WCs with full availability to all ports of the node, i.e., shared per node

(SPN) [89] as illustrated in figure. 5-11.
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Figure 5-11 Full Wavelength Conversion at Node input.

Alternatively, another approach is to incorporate a pool of WCs at every output port
[90]. Such a configuration is termed shared per link (SPL). This is illustrated in Figure.
5-14. By comparison with the full wavelength conversion, the partial wavelength con-

version technique’s main advantage is that of requiring a lesser number of WCs.
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Figure 5-12 Full wavelength conversion at the Node output.
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Figure 5-13. SPN Partial Wavelength Conversion.

Whereas wavelength conversion can reduce contention in OBS networks, it however
will not significantly improve the overall OBS node’s performance [90]. To try enhance
performance further, several contention resolution schemes are concurrently incorpo-

rated. These are discussed in the next section.
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5.2.2.2 Contention Resolution with FDL Buffering

In traditional packet-switched data networks, the contention problem is circumvented
by buffering. The absence of optical RAM means the same approach cannot be applied
directly to OBS networks. Rather, optical delay lines or sometimes referred to as loops
are used to delay bursts in times of contention. A simple stretch of fibre optic cable is
used to realise a delay line thus the provided delay is fixed and inflexible, since ones it
is forwarded to the delay loop it cannot exit till it reaches the end of the cable stretch.
The incurred lay is directly equivalent to the physical length of the loop typically 5
psec/km of FDL.

A few graphical examples are shown next.
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Figure 5-14 . SPL partial wavelength conversion
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Figure 5-15 feed-back FDL buffer (single wavelength plane).
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Figure 5-17 Feed-forward shared FDL buffer

5.2.2.3 Contention Resolution with Deflection Routing

Network-wide contention resolution schemes are likely to be more effective in combat-
ing contention. Such is deflection routing, which relies on the usage of all links across
the network, deeming them as shared buffers. Interior switching nodes, that implement
deflection routing will re-route all contending bursts on idle links, in the hope that the

downstream node will redirect them to their intended destinations [89], [90].

Deflection routing is a traffic engineering technique that balances the traffic across the
network. A combination of multi-path routing and load balancing techniques can be
effective in equally distributing of network traffic provided the source nodes have
enough information about the loading situations at various parts of the network. Ac-
cordingly information related to traffic levels across the entire network , has to be
shared in real-time among all nodes of the same network, otherwise simply forwarding
contending bursts to idle ports may in some situations even exasperate performance

certain sections [91].

Deflection routing may also affect the performance of offset-based signaling schemes in

that a burst is deflected a prior verification must be made on whether this has resulted
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in the increasing the overall length of the path or not. If so the offset time of the burst
must be adjusted accordingly. Otherwise the burst will overtake corresponding BHP
making it impossible for all downstream nodes to process the BHP beforehand. This
their calls for buffering to be used long with deflection routing in case the network is

using the offset-based signaling technique.

5.2.2.4 Neural Network Processing

Output contention and blocking are some of the unavoidable burst packet switching
problems in OBS networks. These problems mainly emanate from the dynamic, un-
scheduled burst packet arrival from the various OBS networks. In this section we will
present one of the most interesting approaches in next generation networks that address
the dynamic burst packet arrival [86] through simultaneous control packet processing
in core network nodes. As highlighted before the contention problem is an inevitable
condition. In neural network processing, the control packets contending to be routed to
the same output port are distributed to other switch processors in the same switch or

network node. This can be diagrammatized as follows;
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Figure 5-18: Neural Network Processor

The distribution process is also dependent on the service discipline employed by every
other network node. This means the selection processes for each switching processor to
be distributed the control packets will put into consideration the following criteria’s;
QoS demand on the control packet, FIFO selection process, longest queue selection pro-

cess.

5.3 Summary of Congestion and Contention Control Mechanisms

In this work our main objective is to address the burst Congestion and contention chal-
lenges as outlined thus far as the biggest challenges of successful application of OBS
network. Our work is motivated by existing literature on this topic are cantered on the
reactive operations techniques after the control unit of an OBS node, detects a conflict
or dysfunctional state. Therefore, in this approach usually no effort is made to avoid
the occurrence of burst contentions. To understand the reason behind this trend we
recall that packet-based optical switching networks, in general, and OBS, in particular,
are not native approaches for optics. Actually, the basic idea of optical packet/burst
switching is borrowed from the electronic packet switching, which has proven success-

ful, and a lot of effort has been put into moulding packet switching to optics. However,
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some technological barriers do not allow one to one mapping of packet switching func-
tionalities to optics, e.g. lack of optical buffers. In facing problems caused by such bar-
riers the approaches that have usually been taken are in line with the electronic packet
switching paradigm. In the specific case of packet contention, this has led to a huge
amount of reactive contention resolution methods, since it is the approach that is taken
in electronic networks. Nonetheless, we believe that a proactive contention control
mechanism that is based on opportunities and limitations of the underlying optical net-
work can complement the work in this field. Most of the works carried out so far in the
direction of burst contention control look at the problem from a narrow perspective and
consider this problem as a standalone one. For instance, in contention resolution mech-
anisms based on FDL buffers, the role of traffic characteristics, as shaped by the burst
assembly unit, is usually overlooked and a great emphasis is put on the FDL buffer

architecture.

Table 5-1: Comparison of contention and congestion resolution schemes.

Contention Resolution Advantages Disadvantages

Wavelength  conver- | Much lower burst loss Immature and expensive technology

sion

FDL buffer Conceptually simple, mature tech- | Bulky FDLs; Extra delay; more voids.
nology

Deflection No extra hardware requirements Out of order arrivals; possible instability

Burst segmentation Finer contention resolution Complicated control

The table 5-1 illustrates the advantages and disadvantages of the congestion and con-
tention resolutions [5] as discussed in the previous sections hence giving a summary of

what works best and what does not.
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5.4 A Proposed Congestion and Contention Minimization Scheme

An effective approach towards alleviating congestion and contention in next generation
networks should address the typical fixtures that can rectify the above-indicated
sources of congestion and contention. In a brief illustration, the scheme should consist

of the following desired features;
Typical features of an approach that would best address congestion and contention.

e The approach should not degrade the currently existing QoS.

e It should be applicable to all applications

e It should enhance the throughput rate as well as utilisation.

e It should ensure a rational use of resources which leads to an effective load bal-

ancing in OBS networks.
5.4.1 Model Description

In this work, we introduce and describe an approach that facilitates enhanced conges-
tion challenges as well as congestion management thus enabling guaranteed and con-
sistent QoS to already running applications, as well as rational and fair usage of avail-
able links. This is achieved through minimising congestion or its frequency of occur-
rence in the core network. In the OBS domain, congestion occurs both at edge nodes
(edge congestion) as well as in the interior nodes (path congestion). Edge congestion is
likely to occur when packet arrival rate is unexpectedly too high such that the edge
node's limited buffering is unable to cope with the burstification process. Similarly, ex-
cessive data burst arrival rate for disassembling may aid to edge congestion. Path con-
gestion is contributed to by contention, traffic overload as well as improper routing and
wavelength assignment (RWA). The main key design and operational features of our

propose scheme are summarily outlined as follows:

At the edge nodes, segmented burst assembling is assumed [92], the fundamental con-
cept being to initially assembly data segments using traffic from multiple traffic classes

with different priorities in such a way that the segments with high priority are placed
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towards the head of each burst and those with relatively low priority tail it. Selective
deflections of sections of the composite segmented burst in case of contention (s) can be
carried out, with the segments at the tail end always more likely to be dropped than

those at the head end.

Figure 5-19, illustrates the burstification process, in which several delay sensitive high

priority (HP) and delay insensitive low priority (LP) sources are served.

|-——l l——| / high priority sources

source 1
i segmented burst
N
source 2 :
| f LP HP
source N

{04priority packets . burstification

segments assembling/class priority buffers/scheduling

Figure 5-19: Burstification process model.

The first stage of the burstification process creates equal sized class based data seg-
ments. The assembling of all bursts is both time and length constrained. For that reason
HP segments, will always be placed at the head end. This is done so as to ensure that

their incurred assembling delays should not exceed a general packet average delay

threshold T , and at the same time the assembled segmented burst itself should be of

minimum acceptable length 7,

., before dispatching. The

<lf)<L_ 5L . <25 .

7 max ?

minimum length constraint is necessary to ensure acceptable utilisation at all times.
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However, in the event that T, av has expired, but the minimum threshold size has yet
to be attained, i.e. it’s still belowz; , LP packet segments blocks, each of minimum
size 1. . are added at the tail end before the burst is dispatched. A partial void between

the appended LP and HP segments allows for relative easy separation and subsequent

deflection of either in the core network should contention or congestion be experienced.

Consequently, a burst is generated every . second interval, and is common for all data

flows throughout the network.

For channel reservation, we have assumed one-way reservation protocol called Just-
Enough-Time (JET) [93], in which a data burst is transmitted after an offset time,

I, =t, +t, seconds. This lags a control packet sent on a separate dedicated channel to

reserve channels along the entire route in advance. The control packet ferries two val-

ues, offset timeT,, indicating expected burst arrival time, as well as burst length ().

ro Comprises two components, a fixed base offset time ¢ o which is an allowance for

the control packet processing along the intended lightpath as well as a variable offset

time U; for contention/ congestion resolving if encountered along the path.
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Figure 5-20: Burst assembly time.

Note that overall JET uses the offset time information transmitted in each control
packet allowing to achieve higher wavelength utilization because of its delayed reser-

vation feature. It is also fairly exigent in the information it needs to maintain.

Furthermore, JET also affords capabilities of identifying situations where no transmis-

sion conflict occurs, although the start time of a new burst may be earlier than the
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finishing time of an already accepted burst. The burst length information carried in the
preceding control packet is used to enable close-ended rather than open-ended reserva-
tions, which would require explicit release of the configured resources. The close-ended
reservation further helps OBS nodes make intelligent decisions about whether it is pos-

sible to schedule other newly arriving bursts or not.

Because, the burstification approach we have adopted inevitably generates bursts of
variable sizes as well as offset times, hence may not necessarily arrive in the original
send sequence as their associated control packets, and thus channel occupancy is ex-
pected to become fragmented with different voids between data bursts, hence we opt
for a corresponding JET based scheduling algorithm called, the latest available unused
channel with void filling (LAUC-VF) scheduling algorithm since it can utilize such voids
for scheduling newly arriving bursts [93]. As such it will provide a relatively better

bandwidth utilization and burst loss probabilities.

With regards to the inevitable contention occurrences in the core network, which them-
selves are the primary cause of burst losses, we adopt a combination of deflection rout-
ing and segmentation as our contention resolution choice. Our primary goal is to seg-
ment any contending burst segment and deflect it to a non-congested route rather than

discarding it. In that way, both burst loses as well as congestion are minimised.

Finally, in this approach we emphasize shortest path route selection. However, in order
to reduce route computational requirements, we will use random shortest path selec-
tion. We also perform load balancing periodically so as to free up network resources at
bottleneck (congested) links and in so doing support the rendering of better as well
as consistent QoS end to end to users. In this regard, we take into account the “stream-
line effect" which is a phenomenon wherein bursts on a common link are streamlined
and do not contend with each other (no intra-stream contention) until they diverge or
the link confluences (merges) with other links [94]. The significance of this streamline
effect is two folds: Firstly, since bursts within an input stream only contend with those
from other input streams but not among themselves and their loss probabilities are

lower compared with estimations using the M/M/k/k model. Secondly, the burst loss
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probabilities are not uniform among the input streams. The higher the burst rate of the

input stream, the lower its loss probability.

Interior node

Burst

= |
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Optical link

Figure 5-21: Streamline effect in OBS

This effect is illustrated in Figure 5-21. Note however that contention with other burst

streams occur after merges at downstream nodes.
5.4.2 Performance Measures

In this section, we discuss some key approaches that we apply in evaluating the out-
lined approach. Specifically, we centre on RWA. Because edge nodes will periodically
require key network status information such as, wavelength availability, link availa-
bility, traffic load and congestion in real time scales, we thus employ random search
algorithms (also referred to as random search metaheuristics). It is noted that random
search algorithms are considered as approximate algorithms, as they provide a near
approximate solutions, but are not necessary approximation algorithms. Their key ad-
vantage is that they can provide a relatively good solution quite fast, and the same time
keeping computational requirements very low quickly and easily. They also ensure con-

vergence in probability, relatively easy to implement and comparably robust.
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5.4.2.1 Random Shortest Path Searching

In this approach, all minimum hop routes between a given edge node and the desired
destination node are the candidate routes. However, given the numerous links in a typ-
ical network, a key challenge is finding the distances between all pairs of communica-
tion nodes taking into metrics such as congestion, wavelength availability as well as
continuity, traffic load, e.tc. In this section, we refer to these metrics collectively as
weights. Thus the weight of each path can be determined by the number of nodes to be
traversed, current traffic intensity on the path, as well as blocking probability etc. The
entire web of nodes can be modelled as a weighted directed graph [96], [97]. Our task
is to implement a search algorithm into fast compute all possible distances between all
pairs of vertices(nodes) on that graph(network), with an ultimate goal of finding a set
of shortest paths from any given vertex(edge node) to another (destination). Initially
a matrix of all possible distances of a given graph is drawn and then after we compute
its distance product [93]. If 4= (al.j) and 5- (bi') are Lwo »nx» matrices, their distance

product, C= A*B is an N XN matrix such that;

& n
¢, =min,_ {aik +bkj} for 1<i,j<n.

In order to construct shortest paths, the notion of witnesses is used. The matrix
nxn =V is a witness matrix for the distance product C= A*B provided for every

1<i,j<n wehave 1< v; <m andcij =av; +bvi]-,j'

We can now use a random shortest path algorithm to compute the shortest path(s)
between all pairs of our network nodes, which we represent as a directed graph of »

vertices in which all edge weights are taken from a set {~ M,...0,....M}. The algorithm

receives an 1L XL matrix 1) containing the weights (individual link states such as wave-
length availability, traffic load, available QoS level, e.tc) of the edges of the directed
graph (representing the OBS network) . The vertex set of the graph is ¥ = {1.2,. n}.

The weight of the directed edge from i to j is dij if such an edge exists, otherwise it is

+© . The algorithm commences by letting F < D before running /g, m iterations
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: p 4 st :
each time setting s < (3/ 2) . It then utilises a function called rand to generates a random

subset 3 of V' = {1’2"""} which is a matrix whose individual elements are selected inde-
pendently with a probability p = (9In»)/s .If p>1, rand returns the set/ . Matrices F[+.B]

F [B *] F ["B ] represents the matrix whose columns are the columns of » that

and where

correspond to the vertices of B, whilst F [B.*] is a matrix whose rows are the rows of
F' that correspond to the vertices of B . The distance product of matrices F[+*.B]and
F[B.#] is finally computed at the same time putting a limit sM on the absolute values

of all entries. Finally a comparison of F "versus F' is carried out. When an entry in F '
is smaller, it is copied to F as well as its corresponding witness copied to V. The

search algorithm is summarized as follows [13]:
Algorithm I

F<«D :W«0

M « max{d,-j :d,-j == +oo}

for («1 to|lOg3/2 n ‘do

begin

s« (32)

B <—rand({1,2,...,n},(9n n)/s)

(', W)« dist — prod (F[*, Bl F[B.#] sM)
for everyl<i,j<n do

if f,j < fj then f; « f,-]'-;v,-j <—bm;_j end if

end

return (F,W)
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Our next task is to implement the random path algorithm, in conjunction with wave-
length assignment, with the overall objective being to maximise the number of

lightpaths ( N, d) demands in the network, from a limited number, 7v & available. We

define a connected undirected graph G = (V. E ), of a network consisting of " nodes and

£ edge nodes [14]. Each edge represents a pair of unidirectional fiber links in opposite

directions. Thus a request for a lightpath from node 1 to j does not imply a lightpath

in the reverse direction automatically. Weletg;; = N xN be the matrix such that 8 = 1

, if there exists an edge between the nodes 1 and j or else B = 0 , and also let

V= (Ui) = Nx N =1, if the node has been visited already, or 0 otherwise.

Our objective is to maximise the number of lightpaths than can be established for a
. . . . J\/YA . .
given number of wavelength /v . i.e., maximise: F' = Zl¢i where, the function ¢, is

defined as follows:

Let N ,(; be the total number of light paths in the network 0 and letting dij be the

¢ \C
N,P X N’p such that:

dl.]. =1, Only when lightpaths © and j share an optical link, and 0 otherwise.

We turther define the following:

N/",
4 is the total number of source-/destination lightpath demands.

[N,P(i,].)J , to be the set of lightpaths from 1 and ;.

lN; (i,j)J , be the total set of lightpaths from 1 to j.

[PL,)=1x |V . )| = ighwars(s. ), Wis.d}e 2.8} . [Pr¢|=|Pr% |=1x[NZ G.9)] veetor such
that

[PLG"]:lightpaths(G) =Pl wPLy s
-

s.d
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[P]=

PZ] =1x Ng vector such that:

[P.]: {A,Vl € {1,2,...,N,IG, }1f the the A is assigned to lightpath 7 o = {1, if P.#0Vie {1,2,...,Ng}

0, otherwise 0, otherwise

It

NE

gqyi =& e {1,2,3,_ . _N; }7 where ¢ is the aggregate traffic representing all demands.

j=1

Finally, we summarise the random shortest paths election as follows:

Algorithm II
%. Initialisation, k=0; P=[ | P, =[]

set cycle : for i =1, to N]g do
Pli]=0.&& P, [i]=0;

end for

F.__ = base _ value;

while k < max_interations do

% A assigning subject to constraints
P :=random _solution

FEvaluate_I' _of _P

% Updating P

ifdl.]. =1, g2 j:>R. ;tPj Vi,je{1,2,3,..Ng} &&F>F

max

F— Fpax .
2

for i =1, tON;;
P,.l 1- Pli];
end_ for

end _if

k=k+1;

end while
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% copying back
fori =1, toN,(;; do
Plil-»nr,.[ ]

end_for
5.4.2.2 Contention loss minimization

Techniques such as FDL buffering, deflection routing, wavelength conversion, optical
re-transmission of busts, segmentation and selective discarding are primarily conten-
tion resolution reactive measures. Proactive schemes would generally lead to contention
avoidance and consequently congestion minimisation. Examples of such schemes in-
clude, coordinated packet transmission, in which each edge switch outputs bursts on a
given set of wavelengths such that aggregated bursts arrival rate to the next core switch
is kept within a prescribed threshold. Such a scheme is only effective at relatively low

traffic loads.

Symmetric traffic transmission is another technique in which the edge switch sends its
traffic in a symmetric manner to different output fibre links of the interior switch to
which it is connected, and in that way the burst loss ratio is minimized. Load-balanced
traffic in the interior network is also geared towards balancing the loads on the individ-
ual wavelengths and is achieved partly by monitoring both congestion and traffic loads,
as well as their forecasting and availing this key information to all edge nodes to aid
them in their routing decisions, so that contention is not exasperated. In our proposed
scheme, we resolve contention by way of deflecting some portions of the segmented
bursts to alternate routes. This is illustrated in Figure 5-22. As an example in Figure 5-
22(i), a 50% overlapping is considered, i.e. the LP segments of bursts ¢ overlaps with
the HP segments of burst b thus the earlier is truncated and deflected to an alternate

route.
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contending data burst (b)

OBS core network

(i)
Figure 5-22: Contention resolution
In Figure 5-22(ii), a near to 100% overlapping will lead to one of the HP sections being

deflected. Any further deadlock is resolved using the least remaining hops criteria [87].

5.4.2.3 Resources Allocation

Because the our scheme's objective is to minimize as well as avoid both congestion and
contention, it is therefore an important design consideration that the alternate route
choices be carried out taking into consideration current network conditions (link
weights) e.g. traffic load, congestion status as well as utilisation link/ wavelength utili-

zation.

Routing and Wavelength Assignment: We start by considering an OBS network compris-

ing ¥ nodes and L links, such that it is modelled as a unidirectional graph G(/,L).
Each link l(i’j) has a maximum capacity U, ; , and if the total flow from a source node s

to a destination node d is @, then our goal is to maximise:

(D) (5.1)

ijeV
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For each nodek,k el in the network, the aggregate incoming flows is;

s @, (5.2)

i:(i.k)eL
whereas aggregate outgoing flows is;

E B, (5.3)

el jokJeL
By letting b, be the total demand at each node k, we have:

SOik—- T ®;p=-b, keV
iGel kel (5.4)

and for **% and G.jel .

O, iftk=s

YO~ ¥ ®jp=1-0 if k=d keV

kel ik, el 0, otherwise
, (5 .5)

Similarly, the maximum throughput will be achieved by minimising;

i P (5.6)

s.deV

Where P, is the amount of unsupported traffic. Note that in OBS networks, the wave-

length constraint has to be taken into account as well. In this regard, we first re-define
a traffic matrix D representing the required bandwidth between s,d € 1 .the number

of wavelengths is also fixed, /v ,,1e N, . We thus have an objective function to min-

imise;

min % >0+ % @, (5.7)

(sd)eV?iszd =L (s,d)eV?:szd

i ; s . ; - g
where Q)[SJ , denotes non-availability of required resources (i.e. it is equal to 1 if the

required bandwidth and wavelength are available, or 0 otherwise).
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Q);’/z reflects the quantity of traffic that could not be served because of unsatisfied con-
straints. f is an objective parameter such that for all v,s,d eV

+D,,—®;, if v=s
s gtz i ={-D,+®:, if v=d 8

1e&**(v) leé (v) .
0, otherwise

In the above & +( v)and ¢ (v) are respectively the set of outgoing and incoming links at

node veV

X 4 <z ®y,e AeN,,leL (5.9)
s,deV LA

> 7 <C,lelL (5.10)
s, deV

SO <l, A eN,,leL (5.11)
1A

g 20,0020 {sd} eVl eN,,lel (5.12)
;5 ef0)), {sd} V.4 eN,,lel (5.13)

where the constant C represents, the capacity of each wavelength. In the formulation
above we have so far assumed the Erlang B formula (applied to a single traffic tribu-
tary) as well as the sub-wavelength granularity in OBS. A good design strategy there-
fore would be to ensure maximisation of the occupancy of each already merged flow,

by minimizing merging of traffic flows.

By taking into account the SLE [94], the traffic intensity, p = (D% is re-defined as the
ratio of ,d, , the magnitude of serviceable aggregated traffic from various traffic

tributaries at node k and £/, a measure of the quantity of traffic the node can trans-

mit.
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> ¢ < y0H . CK AeN,leL (5.14)
1A ’

s, deV”

utilised

., 1s the number of outgoing links of the merging node ,, and K is a thresh-

Where 9 Lutih

old constant that ensures that the egress link is used efficiently. Optimal performance

is achieved when C¢.K — p__ in which case contention/congestion are minimal and

max

hence no burst losses are experienced.

Uulisation: To further dimension the available network resources optimally, and effec-
tively it is necessary to take into account both the prevailing wavelength as well as link
utilisation of each chosen link. Wavelength utilisation is the fractional time that a par-
ticular link is utilised, whereas link utilisation would be the fractional proportion of all

available wavelengths in a given link path in use. Overall the utilisation 7 - (along a
selected path from source s to destinationd consists of both effective Ueﬁr and ineffec-

tive Ui,w g utilization. The former accounts for wavelengths/links that successtully reach
the destination, whereas the latter accounts for bursts that are discarded before reach-
ing their destination. Uineﬁ‘ Tends to dominate in periods of heavy traffic. Generally,
network designers ought to dimension the network resources such that both link/path
and wavelength effective utilisations are rationally and fairly maximised, thus Uineff

must always be minimised.

In order to accomplish that, at each core node the following related information is

availed.
l(i,j) - Possible links between two nodes along the route .S to d .

r: - fixed interval over which the load of the links are calculated.

suce(l,7): - set of bursts that successfully traversed link [ in a given set interval:.

7 :- length of burst b
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From the acquired above, the effective utilization of that particular link U y f( l,t )

would be the fractional total occupational time:

Zsucv(l,t}Ti
Uy(lt) ="+ (5.15)

where 1V,  is the total number of wavelengths comprising that link. We assume that

U, (10)=0.

7Z'z|} be the set of possible paths;z-: Tz =1,...,m, from stod.

By letting {lk, kE=1,....m
In this case, at time ! the chosen alternate pathis 7 ., whose index is obtained from

the following formula [90].

- MAX, <y <p<|n, Uy (l,,7)

T

z

(5.16)

z*(‘r)zarg max

1<z<mx

Weighted Least Load Criteria: If we let pIMAX be the maximum load threshold, which

when exceeded will cause either congestion or contention on the link; then for

p(i.j)= p*** the link is overloaded hence will not be chosen. So only the alternate

path with minp(i,7). .4, < pMAX will be chosen.

Weighted least congestion & distance Criteria: The primary objective of this criteria is to
deflect and re-route the truncated bursts on the least congested route as well as least
number of hops. If we define the load on a single selected link as:

Nogyop(bij57) (5.17)
Nyl 7))+ N, (17

i,7° suce\ 1,72 )

Pij ()=

where,
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Ndrop(li,j’ T): -is the number of dropped bursts/segments on link li,]- over the observa-

tion interval; .

Ns,m(l,-,ja T) : - is the number of successfully transmitted bursts on link li,j over the same

observation interval ;.

The route choice selection can now be based on a weighted function based on congestion

as well as extra distance.

d .
Wiy =p (t)+ i (5.18)

MAX
d

5.4.3 Performance Evaluation

In this section the effectiveness of the proposed scheme is evaluated through simulating
on a 10node network using OMNET++ with the necessary OBS modules and algo-
rithms incorporated into it. Only 3 of the edge nodes are designated ingress, whereas

the rest are core.

We make several assumptions, pertaining to this simulation evaluation as follows: -.

e At the ingress nodes, all traffic sources are categorized into either HP (delay
sensitive) or LP (delay insensitive), and that segmented burstification is as-

sumed.

e That the links throughout the network are of varying lengths as indicated

against each in Figure 5-23.

e Fach link, I(i, j)is bidirectional i.e., comprises two fibers in either direction. In

turn, each fiber has 32 wavelengths, 4 of which are reserved for control pur-

poses.
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Figure 5-23: Ten (10) Node model

The maximum data rate on each wavelength is limited to10Ghps .

Control Packets processing and switching fabric configuring time (switching la-

tency) in the core switches is1.5us.

JET, one way signalling and LAUC-VF scheduling are assumed.

Random shortest path route selection using a modified version of the algorithm
in [98] is used to find the path between all node pairs, subject to all other RWA

constraints being met.
Physical impairments and their effects are not taken into account.

Each node handles both transit and locally generated traffic flows, in which case

the SLE is taken into account.

Network wise, all bursts are assumed to be uniformly distributed over all sender-

receiver pairs.

There is no buffering in the core nodes and as such contention resolution is by
way of segmenting the contending (overlapping) sections and re-routing on al-
ternate paths.

103



e The least remaining hops policy is implemented during contention resolution.

We have chosen segmented burstification, as outlined earlier, so as to facilitate easier

separation of tail end LP sections when contention occurs in the interior nodes.
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Figure 5-24: Number of segments versus packet delay.

Segment size is30kB, p=0.25

In Figure 5-24, the average number of data segments generated is plotted against

packet delay for the, ., , 7. and 77 burstification algorithms. The primary goal

here is minimise burst assembly delays at the same time, ensuring that the burst seg-
ments are of acceptable minimum sizes. It is observed that at approximately o.003sccs »

the 77 scheme an acceptable average number of burst segments equalling 0.3. This is
the same with that of the 70 scheme. In that the QoS of applications is not compro-

mised due to excessive delays, neither is the segment sizes too small.

104



3.0x10° .
!
j)’
2.5x10° r,-"
!
2.0x10° f’
8 !
E 1.5x10° /
g /
L p— —+—L,_=30kB /
—e—-T__=0.05 /
—aT_ =002 /"'
5.0x10* w
P P
00 a-a-s—a-a I ol
I L ) ] I 4 I L) I L I L
0.000 0.005 0.010 0.015 0.020 0.025

average packet delay

Figure 5-25: packed delay variance versus average

Packet delays for p =0.35. The segment assembling queues (Figure 5-25) are fed by a
Poisson-Paretto packet generating modelled source. It can be observed that for a given
average packet delay, 1.  generates more segments, than the other two algorithms (
T . and7 ). Consequently it implies that the smaller the segment size, the better per-

forming is the assembly algorithm, as the individual packets will incur lesser delays.

This enhances QoS for delay sensitive (HP) traffic.
Figure 5-25 shows the variance of the packet delay comparisons for the three segment
assembly algorithms. 7 comparatively performs much worse as the variance in-

creases exponentially with increases in average packet delays Note that for fairly mod-

erate to heavy traffic loads, the delay variances for both the, 77 and 7@ have a

tendency to converge, since heavy packet generation rates lead to uniform packet de-

lay.
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Figure 5-26: Throughput versus average packet delay.

A plot of the throughput) versus the average packed delay is shown in Figure 5-26, in
which we observe that the 77 scheme outperforms the 7 scheme, when large aver-
age packet delays can be tolerated. Figure 5-27 shows the average number of packets

per segment versus the average delay allowed for the assembly process.
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Figure 5-27: Segment size versus average packed delays

In carrying out the simulation traffic sources generated identical connection requests.

We observe from the graph that for a fixed average delay, the T, scheme assembles

more packets per segment, thus, resulting in longer bursts, as well as relatively lesser
processing overheads at the nodes because of the lesser corresponding control packets
arriving rates. HP and LP segment sizes versus arrival is plotted in figure 5-28. As can
be observed at p = 0.7 , the average segment length is about 40, which we will now
assume throughout the rest of this evaluation. In the core nodes, the composite burst
scheduling as well as RWA is accomplished according to the algorithm summarised

next
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Figure 5-28: Segment size comparisons for both HP and LP segments versus packet arrival rate

The following is a pseudo code of the implementation of the proposed approach.

10
11
12
%

% initialise I: arrival of a CHP.
” 1 " : i
acquire: 4, €= incoming composite burst's wavelength;
q n g P £

P, <« incoming port of composite burst,

E, composite burst length;

Llp -LP section size, T" -composite burst arrival time;
% contention check
if contention( /ﬁ-n _P, _, s I, ) then

Can reschedule contending section ¢ True
//Priority <= HP contending section//;

if Can reschedule then

reserve new_ﬂ, _for truncated section, go to 13
else

:random alternate route calculation
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13 Initialize, 0 ; =0,V nodes j

14 for all i, do && for all paths, pe P(i); D, =4,

Pt

15 P :=random solution

16 Evaluate I of P
17 return (F.,V")

end.

HP packets constitute 25% of all arrivals.

segment loss probability

Figure 5-29, plots the burst/segment loss probability for both HP and LP segments.
This is compared with the conventional length based OBS approach in which all traffic
type have the same priority. The contending composite burst section will pre-empt the
original burst on the original route (first choice route) if its priority is higher. By fixing

the traffic load to 0.6, we observe from the same graph that the HP segments have a
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1.5x10°
1.3x10°
1.0x10°
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—=— HP, segment size =40
—e— LP, segment size =40
—=— non-segmented burst,

T y T J T
0.2 04 0.6 0.8 1.0

traffic load

Figure 5-29: Burst/Segment Loss probabilities
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lower blocking probability (< 2.5x107*), partly because of their default priority. We
also observe that in general the segment loss probability is generally lower for the
HP/LP composite bursts since the overall burst size is fixed, whereas non-segmented
burst approach has exponentially distributed burst sizes. The average end-to end delay
is plotted against traffic load ( 0 ) in Figure 5-30. Three schemes cases are compared
namely; (i) when contention resolution is by way of using FDLs coupled with deflection
routing; (ii) no deflection and (ii the proposed approach. It is generally observed that
the average end-to-end delay peaks at about p =4 and then afterwards it starts to de-
crease. This is partly because of lesser SLE effects at higher network loads and that
bursts traversing longer hops are likely to be discarded along the way (prior to reaching

the destination) as the input load increases.
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Figure 5-30: Average end to end delays
Note that at 45% (0.45) network traffic loading, the ECM scheme lowers delays to

about 0.045 seconds, which is less that of the existing FDL+ deflection schemes (0.05
seconds). The case of no deflection is impractical as there will be excessive congestion

levels.
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Also it is noted that for low to medium network traffic loads, deflection routing in-
creases the overall number of hops. Itis also observed that the average end-to-end delay

of the proposed approach decreases at low network loads.
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Figure 5-31: Normalized end to end effective throughput

We further evaluate the extent to which our proposed approach, will promote efficient
use of available network resources. In this regard, we first define "effective throughput"
as the average number of composite bursts traversing the end to end path .S to d per
unit time. In Figure 5-31 we plot the normalised average effective throughput as a func-
tion of the network traffic load. In general, the average effective throughput in the
proposed approach gradually increases with increase in network traffic, whereas the

same decreases in the conventional OBS with deflection routing.
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Figure 5-32: Normalized effective throughput.

In Figure 5-32, when the load is set to 0.35, and the number of traversed nodes is set
to 3,, the ECM scheme yields an effective throughput of 0.84, whereas conventional
OBS’s effective throughput is less than 0.8. . When the number of nodes is increase to
9, still the ECM outperforms (0.7). When the network load is increase to 0.65, we see
that the ECM’s effective throughput is comparably higher. Conclusively as can be seen
from the Figure 5-32, our approach still enables the network to utilise resources effi-
ciently when the network is congested. The same trend depicts itself when the average
effective throughput is plotted as a function of the number of hops on the first choice

route.
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Figure 5-33: Overall end-to-end latency versus network load-traffic load.

Finally, we evaluated the overall end to end latency for HP (77, = 0.35sec ) versus LP

traffic. We observe that both traffic classes incur acceptable delays at very low traffic

loads and that at moderate to high network loads, HP traffic incurs the least delays

(latencies)

5.4.4 Conclusion

In this work, we have proposed and evaluated a congestion management approach we
refer to as “enhanced congestion management" which gears towards rendering and
guaranteeing a consistent QoS as well as rational and fair use of available links. This is
primarily achieved by way of combining priority service differentiation, time averaged
delay segmented burstification load based random shortest deflection path selection.
The proposed approach does not add any extra hardware complexity to existing OBS

network interior nodes, but provisions a variable offset time ;, which will facilitate

priority based contention resolution in the interior network hence minimising its effects
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as well as congestion. In that way, the available network resources are appropriated
more fairly and efficiently. In comparison to similar conventional OBS approaches, the
proposed approach improves the network performance in terms of loss probability
when the network is not so highly loaded. Simulation results confirm these properties
and also show the effectiveness of the proposed method with a higher intensity of high
priority traffic. The good put (criteria of network capability of transporting useful
packets) is increased due to the recovery of lost bursts.. Future works are finding the
numerical model and applying this result to inter-class cases. Also, the adoption of com-
bined routing strategies depending on traffic load variations can result in better perfor-
mance. Another improvement can exploit the combined use of this static routing ap-
proach with the three basic deflection domains (time, space and wavelength) for con-

tention resolution.
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Chapter 6. Conclusion and Future Research

6.1 Summary

Current global data traffic is increasingly dominated by delay and loss intolerant IP
traffic which generally displays a structural self-similarity. Due to the buffer-less na-
ture of optical burst switched (OBS) networks, contention/congestion in the core net-
work can quickly lead to degradation in overall network performance at moderate to
high traffic levels due to heavy burst loses. Several approaches have been explored to
address this problem, notably measures that would minimize burstification delays, con-
gestion, blocking at the same time enhancing end-to-end throughput as well as rational
and fair utilization of the links. In this way contention, congestion and consequently
QoS degradation for delay as well as loss sensitive applications data as it traverses such
networks can be minimized. Network implementation of carefully designed routing and
wavelength assignment algorithms will drastically reduce burst losses, enhance links
utilization and promote acceptable fairness to all traffic types. This is likely to promote
better chances of a guaranteed consistent QoS. Several studies have focused on end to
end blocking probability in such networks as well as utilization. Utilization of the links
is studied in detail in which the concepts of effective utilization and ineffective utiliza-
tion are used as key performance measures of OBS networks. Effective utilization re-
lates to channels used by bursts that eventually reach their destinations, whereas inef-
fective utilization relates to channels that are used by bursts that are discarded before
reaching their ultimate destinations. Reduction of the latter has the effect of improving
both the performance and efficiency of the network. Ineffective utilization is particu-
larly more pronounced in periods of heavy traffic loads. Under heavy traffic load con-
ditions, the effective utilization and network throughput consequently suffer conges-
tion collapse, as in this case, the total network utilization tends to be quite high, even
though ineffective utilization dominates, i.e. most of the utilized capacity is used by

bursts that are eventually discarded before reaching the intended destinations.
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Noting that congestion and contention minimization are key to a consistent QoS pro-
visioning the work herein focused on addressing the two. In particular, we focused on
analyzing mechanisms and approaches geared towards alleviating congestion and con
to review OBS switching paradigm, partially in motivation it as the ultimate backbone

network switching for NGNs. As such the work addressed the following key issues
* Burstification schemes taking into account the diverse QoS requirements of var-
ious applications.
* [Existing contention and congestion resolution approaches, as well as various
signaling scenarios.

* Routing and wavelength assignment/allocation approaches in OBS networks.

* An evaluation of a congestion and contention minimization scheme that aims

improving QoS of real time applications.

The scheme we proposed and evaluated is primarily service differentiation based and
overall aimed at congestion, blocking and latency minimization, by way of combining
time averaged delay segmented burstification as well as random shortest path selection
based deflection routing and wavelength assignment. Simulation results showed that
the scheme can effectively minimize congestion and at the same time improve both
throughput and effective utilization, under moderate to high network traffic condi-

tions. Overall, we show that the approach guarantees a consistent QoS.

In our future work, we will focus on novel methods that considerably enhance through-
puts at the same time reducing burst losses using traffic prediction models. Notably
from a viewpoint of flow control, we would postulate a burst flow control approach in
which regulates the length of a burst based on the congestion weight on its path. In
that way, can achieve improved efficiency and fairness compared to the case where a
burst contention resolution scheme is solely used. Developing an edge dynamic delay
method which decreases burst losses especially when two or more bursts are imminently

contending in the core nodes will also be explored.
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