
  

 

 

COST 266, WG2 

Technical Committee 
Telecommunications 

 
   

COST   266, workgroup 2 
 
 

Advanced Infrastructure for Photonic Networks 
 

 

Optical Packet and Burst switching 
Report   

 
 

 



Preface 
This report contains EPS (Encapsulated Post Script) figures, and should 
therefore be printed on a postscript printer or viewed in a Ghostscript 
viewer (available free).   

 

The report is a collection of contributions from the following Institutions and authors:  

 
Ghent University – IMEC, Department of Information Technology, Sint-Pietersnieuwstraat 
41, 9000 Gent, Belgium, Authors: Sofie Vandeweerd, Jan Cheyns, Chris Develder, Didier 
Colle, Erik Van Breusegem, Sophie De Maesschalck, Mario Pickavet, Piet Demeester 

National Technical University of Athens, Electrical & Computer Engineering Dep. Optical 
Systems & Networks Group, Author: Dr. Alexandros A Stavdas 

Telenor R&D, N-1331 Fornebu, Norway Authors: Martin Nord, Steinar Bjørnstad 

Norwegian University of Science and Technology, 7491 Trondheim, Norway Authors: Steinar 
Bjørnstad, D.R. Hjelme, N. Stol 

Center for Technology  at Kjeller P.O. Box 70, N-2027 Kjeller. Author: Steinar Bjørnstad 

National Institute of Telecommunications, Department of Transmission and Fiber 
Technology, 1 Szachowa Street, 04-894 Warsaw, Poland, Authors: Mirosław Klinkowski and 
Marian Marciniak 

University of Bologna - D.E.I.S. viale Risorgimento 2 - 40136 Bologna, Italy, Authors: Franco 
Callegati, Walter Cerroni 

Universitat Politècnica de Catalunya - Advanced Broadband Communications Lab. – CCABA  
c/ Jordi Girona 1-3, Modul D6 - 08034 Barcelona, Spain, Authors: Davide Careglio, Gabriel 
Junyent, Josep Solé-Pareta, Salvatore Spadaro 

University of Stuttgart, Institute of Communication Networks and Computer Engineering 
(IND) Pfaffenwaldring 47, D-70569 Stuttgart, Germany. Author: Christoph Gauger, MSCS 
 

BTexact Technologies (British Telecommunications plc), B29 Polaris house pp OP6, Adastral 
Park, Martlesham, Ipswich IP5 3RE, UK, Author: Albert Rafel 

 

I would like to thank all the authors for contributing and help in coordinating this report. 
Without the contributions, there would be no report. 

 

Steinar Bjørnstad   

COST 266, WG2 coordinator.   

 

 
 



Table of contents 
1. INTRODUCTION.........................................................................................................................................5 

1.1 COST 266, Work Group 2.....................................................................................................................5 
1.2 Content, an overview .............................................................................................................................6 

2. Optical burst and packet switching research..................................................................................................9 
2.1 Optical Packet Switching: state of current research...............................................................................9 
2.2 Optical Burst Switching: state of current research...............................................................................12 
2.3 Optical packet switching: just an interesting research topic or a real competitive technology?...........15 

2.3.1 Network Design Methodology.....................................................................................................15 
2.3.2 Node Architectures ......................................................................................................................16 
2.3.3 Case Study ...................................................................................................................................17 
2.3.4 Conclusions..................................................................................................................................18 

2.4 References............................................................................................................................................19 
3. The prospective studies in the IST-DAVID.................................................................................................21 

3.1 References: ..........................................................................................................................................22 
4. Analysis of required switching times and identification of suitable switching technologies in optical packet 
switching..............................................................................................................................................................23 

4.1 INTRODUCTION...............................................................................................................................23 
4.2 OPS NETWORK CONTEXT .............................................................................................................23 

4.2.1 The OPS node..............................................................................................................................23 
4.2.2 Synchronous vs. Asynchronous OPS networks............................................................................24 
4.2.3 Generic Optical Packet Format ....................................................................................................24 

4.3 ANALYSIS..........................................................................................................................................27 
4.3.1 Definitions ...................................................................................................................................27 
4.3.2 Method.........................................................................................................................................28 

4.4 RESULTS............................................................................................................................................29 
4.4.1 Label sizes of 4 bytes...................................................................................................................29 
4.4.2 Label sizes of 12 bytes.................................................................................................................31 
4.4.3 Sub Carrier Modulation label.......................................................................................................32 
4.4.4 Summary of analysis ....................................................................................................................33 

4.5 SWITCHING TECHNOLOGY STATUS...........................................................................................35 
4.5.1 Space switches .............................................................................................................................35 
4.5.2 Broadcast-and-Select ...................................................................................................................36 
4.5.3 Wavelength routing......................................................................................................................37 

4.6 DISCUSSION......................................................................................................................................38 
4.7 Conclusion ...........................................................................................................................................39 
4.8 References............................................................................................................................................40 

5. Optical Packet Router with QoS Capabilities (Introductory Study of Computer Simulator Design)...........41 
5.1 INTRODUCTION...............................................................................................................................41 
5.2 General architecture of all-optical router .............................................................................................41 
5.3 Quality of Service (QoS) mechanisms .................................................................................................42 
5.4 Control unit..........................................................................................................................................42 
5.5 Simulation objectives...........................................................................................................................46 
5.6 Conclusion ...........................................................................................................................................46 
5.7 References............................................................................................................................................46 

6. An optical packet switch design with shared electronic buffering and low bit rate add/drop inputs............47 
6.1 ABSTRACT ........................................................................................................................................47 
6.2 INTRODUCTION...............................................................................................................................47 
6.3 Switch design.......................................................................................................................................48 

6.3.1 Basic design.................................................................................................................................48 
6.3.2 A scalable packet switch design...................................................................................................49 

6.4 Performance analysis fixed packet length ............................................................................................50 
6.5 Performance analysis, variable packet length ......................................................................................52 
6.6 Conclusion ...........................................................................................................................................53 
6.7 References............................................................................................................................................54 

7. Assessment of Packet Loss for an Optical Feedback Buffer Node using Slotted Variable-Length Packets and 
Heavy-Tailed Traffic ...........................................................................................................................................55 

7.1 INTRODUCTION...............................................................................................................................55 



7.2 OPTICAL PACKET SWITCHING NODE ARCHITECTURE .........................................................55 
7.3 THE SLOTTED VARIABLE-LENGTH PACKET FORMAT...........................................................56 

7.3.1 Processing load ............................................................................................................................57 
7.3.2 Overhead......................................................................................................................................57 
7.3.3 Queuing performance...................................................................................................................57 

7.4 SIMULATION RESULTS ..................................................................................................................58 
7.5 CONCLUSIONS .................................................................................................................................61 
7.6 REFERENCES ....................................................................................................................................61 

8. Contention Resolution in Optical Burst Switching Networks......................................................................62 
8.1 Introduction .........................................................................................................................................62 

8.1.1 Definition and Motivation of OBS...............................................................................................62 
8.1.2 JET Reservation Strategy.............................................................................................................63 
8.1.3 Overview of Investigations ..........................................................................................................64 

8.2 Contention Resolution .........................................................................................................................64 
8.2.1 Options for Contention Resolution ..............................................................................................64 
8.2.2 Key Design and Dimensioning Parameters..................................................................................65 
8.2.3 Fiber Delay Line Buffers .............................................................................................................66 
8.2.4 Wavelength Conversion...............................................................................................................68 
8.2.5 Combination of FDL Buffer and Converter Pool.........................................................................69 

8.3 Modeling and Performance Evaluation Approach ...............................................................................70 
8.3.2 Results of Performance Evaluation..............................................................................................71 
8.3.3 Fiber Delay Line Buffers .............................................................................................................71 
8.3.4 Wavelength Conversion...............................................................................................................78 
8.3.5 Combination of FDL Buffers and Wavelength Conversion .........................................................79 

8.4 Conclusion ...........................................................................................................................................80 
8.5 References............................................................................................................................................81 

9. Studies on Advanced Optical Metro Networks............................................................................................83 
9.1 Introduction .........................................................................................................................................83 
9.2 Multi-tree topology architecture ..........................................................................................................85 

9.2.1 Simulation scenario......................................................................................................................86 
9.2.2 Simulation results.........................................................................................................................87 

9.3 Multi-ring topology architecture..........................................................................................................89 
9.3.1 Simulation scenario......................................................................................................................91 
9.3.2 Simulation results.........................................................................................................................92 

Experiment I – Uniform traffic matrix.................................................................................................................92 
Experiment II – Unbalanced ring traffic matrix...................................................................................................93 
Experiment III – Unbalanced node traffic matrix ................................................................................................93 

9.4 Conclusions..........................................................................................................................................94 
Acknowledgements......................................................................................................................................95 

 



 

8. Contention Resolution in Optical Burst 
Switching Networks 
 
Author: Dipl.-Ing. Christoph Gauger, MSCS 
           
Institute of Communication Networks and Computer Engineering (IND) 
University of Stuttgart, Pfaffenwaldring 47, D-70569 Stuttgart, Germany    
Phone: +49 711 685-7990, Fax: +49 711 685-7983 
E-Mail: gauger@ind.uni-stuttgart.de 
HTTP: www.ind.uni-stuttgart.de/~gauger 

8.1 Introduction 
 

8.1.1 Definition and Motivation of OBS 
Optical Burst Switching has been proposed as a new switching paradigm [6] for optical 
networks and has emerged as a candidate for the optical transport layer of the next generation 
Internet. Bandwidth and quality of service (QoS) requirements of future Internet services, e. g., 
voice-over-IP (VoIP) or distributed multimedia applications, as well as the currently 
exploding number of high-speed Internet access lines motivate a scenario in which optical 
transport capacity can be provisioned on the time-scale of IP-layer dynamics. In OBS 
networks (Figure 1), these dynamics can be supported by edge nodes that aggregate traffic and 
assemble it into variable length optical bursts as well as core nodes that switch these bursts in 
optics.  

OBS is a fast circuit switching technique (FCS) that provides a granularity in between 
wavelengths and packets but neither mandates the use of optical header processing nor optical 
buffering, i. e., it requires less complex technology than optical packet switching. A key 
characteristic is the hybrid approach, in which control information is signaled out of band and 
processed electronically while data stay in the optical domain at all times. Another key 
concept of OBS is one-pass reservation, i. e., transmission of a burst is not delayed until an 
acknowledgment of successful end-to-end path setup is received but is initiated as soon as the 
burst has been assembled. 

Efficient contention resolution in core nodes is essential in order to achieve a low burst 
blocking probability despite one-pass reservation strategy and statistical multiplexing. 
Contention resolution can be performed in the time domain, wavelength domain or space 
domain. In this report, FDL buffers as well as shared wavelength converter pools are 
investigated. Less complex FDL buffer architectures than the ones proposed in the context of 
OPS [7] can be deployed in order to reduce the loss probability of OBS nodes and are shown 
to improve performance significantly [4, 17, 26]. So far, all proposals and investigations 
assumed contention resolution by full wavelength conversion. This has been shown to provide 
low loss probabilities because all wavelength channels of an output line can be shared among 
all bursts directed towards this output line [17, 22, 14, 13, 20]. As wavelength converters are 
technologically complex and expensive, their usage should be minimized without significant 
degradation of performance in an OBS core node. Therefore, performance of an OBS node 
which employs only partial wavelength conversion, i. e., wavelength converters are only 



available for a limited number of bursts at a time, is studied. In this scenario, tunable 
wavelength converters (TWC) are shared in a converter pool and can be assigned to a 
wavelength channel in case of contention. Partial wavelength conversion has been 
investigated for bufferless optical packet switches under the assumption that all packets have 
identical length [17, 21] and in the context of optical cross-connects for wavelength routed 
optical networks [11, 12]. It is reported that depending on node dimensioning, traffic model 
and converter assignment strategy a substantial number of converters can be saved. However, 
performance of partial wavelength conversion has not been evaluated under self-similar traffic 
and in combination with simple FDL buffers which are both interesting topics. 

8.1.2 JET Reservation Strategy 
As depicted in Figure 1, burst transmission works as follows: IP packets are assembled to data 
bursts [13] in an OBS edge node. Before transmitting a burst, a reservation request (control 
packet) is sent on a dedicated channel, e. g. on a separate wavelength. After a basic offset and 
without waiting for acknowledgement of successful reservations, the data burst is released 
into the network. This basic offset has to be large enough to electronically process the control 
packet and set up the switching matrix in core nodes on the path. When a data burst arrives in 
a core node the switching matrix has been already set up, i. e. the burst is kept in the optical 
domain. 

Different mechanisms have been proposed for reservation of wavelengths as well as FDL’s for 
burst transmission. In [14] and [4] we give a detailed overview, classification, and 
performance comparison of the most important proposals. In JET [18] which is called void 
filling in [26], predetermined start and end times of each burst transmission are considered for 
reservation. This allows both efficient utilization of resources and service differentiation. The 
latter is achieved by assigning an additional quality of service (QoS) offset to a high priority 
burst which leads to a higher probability of successful reservation which is illustrated in 
Figure 2 for a scenario with three wavelengths. The low priority burst cannot be served as all 
wavelengths are already occupied during its transmission time whereas the high priority burst 
can be served on an available wavelength due to its much larger offset. However, as larger 
offsets cause additional fixed delay this offset has to be chosen carefully [3].  
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Figure 1: Network scenario for optical burst switching 



8.1.3 Overview of Investigations 
Section 2 discusses options and key design parameters for contention resolution in OBS nodes 
which employ wavelength converters and simple FDL buffers. Also, FDL buffer architectures, 
buffer reservation strategies and converter pool architectures which are investigated section 4 
are introduced. Section 3 describes the traffic models and simulation scenario used for the 
performance evaluation. Section 4.1 focuses on the dimensioning of FDL buffers while 
section 4.2 investigates converter pools for OBS. Finally, section 4.3 finally concentrates on 
the combination of FDL buffers and converter pools.  

8.2 Contention Resolution  

8.2.1 Options for Contention Resolution 
In an all-optical burst switch, incoming bursts should primarily be sent on the same 
wavelength to their designated output line. In case of a reservation conflict, i. e., the 
wavelength on this output line is already reserved, one or a combination of the following three 
major options for contention resolution can be applied.  

• Wavelength domain: By means of wavelength conversion, a burst can be sent on a 
different wavelength channel of the designated output line.  

• Time domain: By applying an FDL buffer, a burst can be delayed until the contention 
situation is resolved. In contrast to buffers in the electronic domain, FDL’s only provide a 
fixed delay and data leave the FDL in the same order in which they entered.  

• Space domain: In deflection routing, a burst is sent to a different output line of the node 
and consequently on a different route towards its destination node. Space domain can be 
exploited differently in case several fibers are attached to an output line. In this case, a 
burst can also be transmitted on a different fiber of the designated output line without 
wavelength conversion.  

In contrast to using a wavelength converter, an FDL buffer or a different parallel fiber 
deflection routing does not resolve contention locally in a single node but reroutes over-load 
traffic to neighboring nodes. Therefore, it depends heavily on network topology and routing 
strategy. Investigations comparing the efficiency of different contention resolution strategies 
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Figure 2: Reservation scenario for bursts of different classes 



have shown that it results in only limited improvement [22]. Deflection routing is not 
considered in this report.  

8.2.2 Key Design and Dimensioning Parameters 
Performance of contention resolution in an OBS node is influenced by several parameters. 
Following list provides an overview of the key design parameters and introduces strategies for 
the combination of FDL buffers and wavelength conversion.  

• Node functionality: This relates to the availability and architecture of wavelength 
converters and FDL buffers in the node. Nodes can provide no, full or partial wavelength 
conversion. In the latter case, converters are organized in a converter pool and can be used 
in case of a reservation conflict. Converters can be either placed at the input or at the 
output of the switch. A node can employ no buffers at all or FDL buffers of different 
complexity and architecture, e. g., feedback or feed-forward structure. FDL buffers can be 
shared per input line or per output line respectively or be shared per node.  

• Node functionality is closely related to the physical realization of the node, e. g., some 
node architectures trade-off wavelength conversion by the number of gates in the switch 
matrix and vice versa [8, 21]. Therefore, in order to assess fundamental contention 
resolution strategies in OBS nodes from a performance point of view, an abstract node 
model is chosen. 

• Dimensioning and physical constraints: In case of conversion, dimensioning relates to the 
number of converters in a converter pool. Wavelength converters can either convert from 
any input wavelength to any output wavelength or can only convert within a limited 
conversion range [22]. FDL buffers are characterized by the number and individual delays 
of the FDL’s in the buffer as well as by the number of wavelengths per FDL.  

• Usage strategy: If wavelength conversion and FDL buffers are applied in combination an 
additional degree of freedom exists. The arrows in Figure 3 illustrate the order in which 
the two strategies seek reservation. In the prefer conversion strategy wavelength 
converters are applied preferably and only if they cannot resolve the conflict FDL buffers 
are used. In the prefer FDL strategy FDL buffers are applied preferably and only if they 
cannot resolve the conflict wavelength converters are used. While the former strategy 
extensively uses wavelength converters the latter can be expected to save converters.  

• Reservation strategy: In case a burst uses a wavelength converter or an FDL buffer for 
contention resolution these resources also have to be reserved. Several strategies which 
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Figure 3: Usage strategies for wavelength converters and FDL’s. 



have been proposed for output channel reservation can be applied [14]. Regarding FDL 
buffers, an additional degree of freedom exists during the reservation process. The output 
channel for the time when the burst will leave the FDL buffer can be either reserved before 
entering the FDL or when leaving the FDL.  

Apart from the architecture, functionality and dimensioning of converters and FDL buffers, 
node dimensioning as well as traffic behavior have a significant impact on performance. 
Concerning node dimensioning, the number of input and output lines as well as the number of 
wavelength channels per output line are key parameters. Regarding traffic, the offered load, 
the arrival process of bursts as well as the distribution of burst lengths have to be considered.  

8.2.3 Fiber Delay Line Buffers 

8.2.3.1 FDL Buffer Architectures 
Buffer architectures can be categorized into feed-forward (FF) and feedback (FB) 
architectures as well as into single-stage and multi-stage structures [7]. In FF buffers data are 
delayed while forwarded towards the output of the node whereas in FB buffers data are 
delayed while being fed back to an earlier stage of the node. In single-stage buffers, the delay 
is realized by a set of fixed-length FDL’s while in multi-stage buffers the delay is determined 
by a cascade of FDL and switch pairs. The capacity of FDL buffers can be increased by using 
WDM in the FDL’s. 

In OBS switches, FDL buffers can be applied as output, input or recirculation buffers and can 
either be dedicated to a single port or be shared. Figure 4a shows an FF output buffer and 
Figure 4b a recirculation buffer for one output of an OBS switch. Both are dedicated, single-
stage and employ WDM. The FF buffer has a direct line, i. e. delay b0=0, with wb0 wavelengths 
and NF FDL’s with delays bi and wbi wavelengths, i=1,2,...,NF. The function of the output unit 
in Figure 4a depends on the reservation strategies introduced below. The FB buffer comprises 
a single FDL of delay b and allows a maximum of Q recirculations. There are wL wavelengths 
on the output fiber and wb in the FDL. In FB buffers, a burst can only reenter the buffer on the 
same wavelength if its length is shorter than b. In case of full wavelength conversion, as 
assumed here, b does not limit the burst length.  
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Figure 4: Architecture for a.) feed-forward FDL buffer and b.) feedback FDL buffer 



For each wavelength in a buffer FDL there is an input port to the buffer. The total number of 
buffer input ports, np, equals ∑i biw  in case of FF buffers and wb in case of FB buffers. The 

total number of buffer input ports corresponds to the number of additional switch ports needed 
per output fiber to support an FDL buffer. This directly translates into cost as it determines 
size of switching matrix or demultiplexer elements as well as number of wavelength 
converters. For a given total number of buffer ports, assigning these ports to the NF FDL’s of 
an FF buffer, i. e. determining all individual wbi, is an additional degree of freedom.  

Another option in case of FF buffer optimization is choosing individual FDL delays bi such 
that burst loss probability is minimized. However, in this paper we only consider FF buffers 
with linearly increasing FDL delays, i. e. bi=i⋅b for i=1,2,...,NF.  

From a technological point of view, attenuation in FF and FB buffers can be compensated by 
amplifiers dedicated to and exactly tuned to the attenuation of the FDL delay bi. In FB buffers, 
bursts going through the FDL repeatedly accumulate noise, which limits the possible number 
of recirculations.  

8.2.3.2 Buffer Reservation Strategies 
If a burst cannot make a reservation on an output wavelength in an OBS node with FDL 
buffers (Figure 4a and 4b) it seeks reservation of a buffer FDL instead. For a system with one 
output wavelength and one buffer FDL, Figure 5a depicts the arrival of a reservation request at 
time ta and of the corresponding burst separated by an offset δ. The new burst is blocked from 
direct transmission by an already reserved burst. However, as a buffer is available during the 
transmission time of the new burst it can be buffered in the FDL. There are different options 
for the order and exact time of the FDL and output channel reservation. Figure 5b illustrates 
two possible scenarios in which the new burst buffered in Figure 5a seeks reservation for the 
time when it leaves the buffer after FDL delay b. 

So far, the following reservation strategy has been proposed and evaluated [17, 26, 15]: At 
time ta, i. e. when the reservation request of a burst is blocked for the first time, both the 
shortest available FDL and an output channel are reserved using JET. If either no output 
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channel or no FDL is available for the burst, the burst is discarded. As the output is reserved 
prior to entering the buffer we call this PreRes. By requesting a wavelength reservation at 
time ta, i. e. with an expanded offset b+δ prior to the burst transmission (Figure 5b), this 
request is prioritized over unbuffered bursts. Hereby, buffered and unbuffered bursts take up 
the role of high and low priority bursts in offset-based QoS [18], respectively. The differences 
are that partitioning into two classes is dynamic based on the current contention situation and 
that the expanded offset is only effective in this node if the control packet is sent to the next 
node δ before the burst. From this similarity, we deduce two potential shortcomings: (i) 
Offset-based prioritization leads to a higher loss rate of long low priority bursts [14] which in 
PreRes translates into a higher probability for long bursts to be blocked and sent to the buffer 
or even to be lost. (ii) In a scenario with QoS classes and FDL buffers using PreRes, 
prioritization of buffered bursts can interfere with QoS classes as the same mechanism is 
applied in both cases. 

In [4], we proposed and evaluated a different mechanism for reservation of buffer and output 
channels: If a burst is blocked at time ta the shortest available FDL is reserved using JET but 

no output is reserved at that time. Only at ta+b, i. e. after the burst has entered the FDL and δ 
before the burst leaves the buffer, an output reservation is requested. As can be seen from 
Figure 5b, the offset δ of the burst stays unaltered for the buffered burst, i. e. it has no priority 
over newly arriving bursts. We call this mechanism PostRes as output reservation takes place 
after the burst entered the FDL. In PostRes, all blocked bursts are buffered if buffer space is 
available. Those unable to reserve an output channel when they leave the FDL are either sent 
back to the buffer and delayed in case of FB buffers or discarded in case of FF buffers. 

The output unit in Figure 4a consists of wavelength converters as well as of a combiner in 
case of PreRes and components for selecting bursts which can be transmitted in case of 
PostRes.  

8.2.3.3 Port Assignment Strategies 
The impact of the total number of buffer ports, np, of an FF buffer is investigated under the 
assumption that all FDL’s are assigned an equal number of ports wbi=wb=np/NF. The latter 
assumption raises two questions: (i) Is this assignment strategy optimal? (ii) How should a 
given number of ports, np, be assigned to NF FDL’s if np is not divisible by NF? Regarding the 
first question, assigning an equal number of ports to each FDL might be beneficial as reentry 
times of blocked bursts are spread more uniformly over time. However, assigning more ports 
to shorter FDL’s may be advantageous as simulation results show that the mean FDL 
occupation is higher for the shorter FDL’s in a multi-FDL FF buffer. This is due to the fact, 
that PreRes seeks reservation on the shortest FDL first and only if no reservation is possible it 
probes the next longer FDL. 

8.2.4 Wavelength Conversion 
Performance of converter pools for OBS nodes is evaluated by simulation studies that are 
based on an abstract node model. This model is depicted in Figure 6 for an OBS node with a 
converter pool and an optional FDL buffer. The node has a non-blocking switching matrix, N 
single fiber input and output lines and M wavelength channels per fiber. The converter pool 
comprises NC tunable wavelength converters which can be shared among all wavelength 
channels of this node and which can convert over the entire range of wavelengths. In order to 



compare performance of nodes with different dimensioning, the figure conversion ratio, rc, is 
introduced: It is defined as the ratio of converters in the pool, NC, and the total number of 

output wavelength channels that share this converter pool, rc=NC/(N⋅M). In case of FDL 
buffers are employed together with converter  pools,  the FDL feedback buffer has NF fiber 
delay lines with basic delay b and linearly increasing FDL delays, i. e., FDL i has delay ib, 
i=1,...,NF. FDL’s employ WDM with M wavelength channels per FDL. No further 
architectural details of the optical switching matrix, the converter pool or the FDL buffer have 
been included in the model, because they can be very different for specific node realizations. 
Wavelength channels on an output line and in an FDL as well as converters are reserved 
according to the just-enough-time (JET) reservation strategy [18, 26]. It considers the exact 
predetermined start and end times of each burst for reservation, which allows most efficient 
utilization of resources.  

8.2.5 Combination of FDL Buffer and Converter Pool 
In case an FDL buffer is applied, resources for buffering the burst in the FDL, for later 
transmission on the output line and potentially for wavelength conversion have to be reserved 
in a coordinated way. Here, it is assumed that a burst uses the same wavelength in the FDL 
buffer and on the output line, i. e., a potential wavelength conversion has to take place before 
buffering. Also, all resources are reserved at the same time, which was characterized as 
PreRes policy above. 
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8.3 Modeling and Performance Evaluation Approach 

8.3.1.1 Traffic Model 
For the studies in this paper, two models for the arrival process of bursts are applied. In the 
first model, bursts arrive according to a Poisson process. The second model is a self-similar 
traffic model and motivated by the rapid growth and dominance of Internet traffic which has 
been shown to exhibit self-similar behavior. In the future, when rather static traffic 
management functionality provided by ATM or SDH today is no longer used but IP is 
transported directly over WDM with only a thin adaptation layer in between, dynamics and 
long-range dependent characteristics of Internet traffic [16] will eventually reach the optical 
layer. As illustrated in Figure 1, traffic originates from a large number of sources in metro and 
access networks. Superposition of a large number of ON/OFF sources with heavy-tailed ON 
or OFF phases has been proposed as a model for long-range dependent network traffic [25]. 
An M/Pareto traffic model is obtained for an infinite number of sources with Pareto 
distributed ON phases [23]. In an OBS edge node, incoming traffic is aggregated in the 
electronic domain and bursts are assembled dynamically, e. g., based on size or time strategies 
[2]. Large traffic volumes directed to the same egress edge node will form trains of bursts. In 
the context of OBS, the M/Pareto model is used to generate trains of optical bursts with mean 
train interarrival time E [TA]. The number of optical bursts, XB, in a train of bursts follows a 
Pareto distribution with mean E [XB] and Hurst parameter, H. During a train of bursts, optical 
bursts are generated with constant interarrival times, d, i. e. the burst arrival rate is 1/d. Instead 
of E [TA] and d, the model can be characterized by the mean burst arrival rate m=E [XB] /E 
[TA] and the ratio of mean burst arrival rate and burst arrival rate during a train of bursts: 

β=m⋅d.  

8.3.1.2 Simulation Scenario 
For an isolated OBS node, performance evaluation has been performed by discrete event 
simulation of the model described above. The tool is realized in C++ and based on a 
simulation library [9] that provides support for simulation control, traffic generation as well as 
statistical evaluation. In the simulation, bursts are generated according to either a Poisson or a 
self-similar model as discussed in the previous section. Burst length is assumed to be 
negative-exponentially distributed for the Poisson model and constant for the self-similar 
model with mean 100 kbits which leads to a mean transmission time h=10 µs on a 10 Gbps 
ine. The impact of different transmission time distributions with respect to offset-based QoS is 
described in [3]. The term load refers to offered load per wavelength.  

Destination of bursts is uniformly distributed over all N output lines. Also, selection of the 
wavelength on which a burst arrives to the node follows a uniform distribution. Eight 
wavelength channels per output line or per FDL are used except for Figures 18 and 19 in 
which there are 16 wavelengths per output line. JET is used for wavelength and FDL buffer 
reservation. Except for Figure 8, all bursts belong to the same class. 

For a dedicated output buffer comprising either a single FDL FF, a multi-FDL FF buffer or an 
FB buffer (Figure 4) and employing either PreRes or PostRes reservation strategy, we evaluate 
the impact of key design parameters on performance. In all simulations of the FDL buffer a 
load of 0.8 per output wavelength is assumed. This combination of relatively high load and 
only few wavelengths yields rather high losses. However, this allows us to study the principal 
behavior of an OBS node in a situation in which FDL buffers are essential.  



The burst loss probability is used as the key performance metric but transfer time and  
technological constraints and cost are also discussed. Unless stated differently, graphs 
obtained for the Poisson arrival process include 95%-confidence intervals based on the batch 
simulation method. However, as fundamental assumptions for the analysis of confidence 
intervals do not hold for long-range dependent traffic graphs for the self-similar arrival 
process show no confidence intervals. In this case, a larger number of bursts has been 
simulated. 

8.3.2 Results of Performance Evaluation 

8.3.3 Fiber Delay Line Buffers 

8.3.3.1 Single FDL Feed-Forward Buffer 
In order to explain the fundamental differences between PreRes and PostRes, we first look at 
their performance for a single FDL FF buffer without capacity restrictions. Figure 7 shows the 
burst loss probability for both strategies at load 0.6 and 0.8 over the FDL delay b normalized 
by the mean burst transmission time h. It can be seen that even a single FDL of length b=3h 
(which corresponds to 6 km of fiber) can lower burst loss probability, Ploss, efficiently. For all 
FDL delays, PreRes outperforms PostRes, whereas the difference is greater for load 0.6. 
Curves flatten for larger b, which shows, that the positive effect of an FDL is limited to the 
resolution of temporary congestion. As PreRes prioritizes the reservation request of a buffered 
burst over the one of a newly arriving burst, buffered bursts only compete with long bursts 
already reserved as well as with requests of other buffered bursts. Again, this is similar to the 
JET reservation process with offset-based QoS. However, our analysis from [14] for the burst 
loss probability of two QoS classes is not applicable here as the partitioning into two classes is 
not static but dynamic based on the current contention situation. Still, this interpretation tells 
us that the competition with long active bursts decreases with increasing delay, b, which leads 
to smaller losses.  

For PostRes, a lower boundary can be obtained by modeling the initial arrival and the arrival 
from the buffer as independent and taking into account the load of buffered bursts (repeated 
call attempt model). Comparing the curves of this lower boundary and PostRes shows that an 
FDL of limited delay cannot achieve the same performance as a system in which buffers 
provide arbitrary and almost unlimited delay as assumed for the boundary.  

Although PreRes only stores bursts which will be transmitted later it sends more bursts 
through the buffer than PostRes which stores all blocked bursts based on availability. This can 
be explained by the fact that during a contention situation in PreRes, blocked bursts enter the 
buffer and reserve the output in advance, which leads to a fragmentation of the output 
channel. Newly arriving bursts can only reserve an output directly if they fit into a gap formed 
by active bursts and reservations of buffered bursts [4]. The fact that a substantial share of all 
bursts is sent through the buffer in PreRes leads to an increased mean transfer time compared 
to PostRes. As FDL delay is in the order of burst transmission times, i. e. a few microseconds 
based on above described assumptions, FDL delay can be neglected compared to propagation 
delays. 

As the offset-based QoS differentiation and PreRes contention resolution strategy are based on 
similar mechanisms an undesired interaction has to be avoided by carefully choosing the 
respective parameters. Therefore, we study the impact of FDL buffer delay in an OBS node 



with a single FDL and two service classes. The high priority class has a share of 30%. 
Figure 8 depicts the burst loss probability over the FDL delay for a QoS offset of one 
respectively two mean burst transmission times at load 0.8. As already mentioned above, it 
can be seen that for PreRes an FDL that is longer than the QoS offset leads to a reduced 
isolation between the classes. Furthermore, most of the improvement due to buffering 
disappears for the high priority class if QoS offset and FDL delay are chosen improperly. 
Thus, in PreRes, QoS offset and FDL delay have to be adapted such that the QoS offset is 
always greater than the FDL delay in order to avoid an inefficient use of the system. However, 
this results in either large QoS offsets, which yield longer delays for all high priority traffic, or 
restrictions in maximum buffer delay and thus restrictions in the choice of possible buffer 
architectures.  

In contrast, QoS offset and maximum FDL delay can be chosen independently for the PostRes 
mechanism. Hence, it is possible to have long FDL’s (multi-FDL buffers) in order to 
overcome contention and at the same time have a small QoS offset. For the scenarios in 
Figure 8, PostRes yields an even better loss probability of the high priority class than PreRes 
for long FDL’s (at the cost of slightly higher losses of the low priority class). In the following, 
we concentrate on a scenario with a single service class. However, the former results for two 
service classes have to be considered and principal relations also apply if more complex 
buffers are used with two service classes.  

8.3.3.2 Impact of Architecture and FDL Delay 
Burst loss probability can be further reduced by FDL buffer architectures which provide more 
diversity with respect to FDL delay, i. e.with respect to reentry times. For PostRes, an output 
channel is only reserved when the burst leaves the buffer. If this output channel reservation is 
blocked, the burst could be sent back to an FDL and seek reservation later in case of an FB 
buffer but would be lost in case of an FF buffer. Also, as PostRes always selects the shortest 
available FDL multi-FDL FF buffers cannot be used efficiently. In contrast, as PreRes 
reserves an FDL and an output channel before entering the buffer it cannot exploit the greater 
flexibility of FB buffers. Therefore, we restrict our investigation to FF buffers with NF=1,2,3,4 
FDL’s and linearly increasing delay bi=i⋅b (i=1,...,NF) employing PreRes and to FB buffers 
with FDL delay b and maximum number of recirculations Q=1,2,3,4 employing PostRes.  
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Figure 7:  Loss over FDL delay for single FDL feed-
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Figure 9 and Figure 10 depict the burst loss probability Ploss over the basic FDL delay b. In 
both scenarios, the number of wavelengths per FDL is chosen to be no restricting factor. 
These figures illustrate the impact of FDL delay as well as of number of FDL’s, NF, and 
maximum number of recirculations, Q. In case of the FF buffer with PreRes, it can be seen 
that introducing more FDL’s, i. e. increasing NF, leads to significantly reduced Ploss. In case of 
FB buffers with PostRes, increasing the maximum number of recirculations, Q, also leads to a 
lower Ploss but the improvement is smaller compared to FF buffers.  

In both scenarios, this improvement comes at the cost of increased transfer times—even for 
constant b—as several bursts are buffered in longer FDL’s. However, increasing NF in FF 
buffers means additional FDL’s including switch ports and amplifier equipment while 
increasing Q in FB buffers means few additional switch ports but increased requirements with 
respect to power and noise budget. In the next section, we study these trade-offs with respect 
to the number of switch ports as we do not consider the total length of FDL fiber the 
restricting cost factor.  

In case of FF buffers with PreRes and FB buffers with PostRes, burst loss probability always 
decreases for increasing FDL delays b until a boundary is reached. At load of 0.8, in case of 
FF buffers with NF=1 and NF=2 curves flatten from approximately b=2h on while for NF>2 
this boundary is reached only for higher values of b. In case of FB buffers and all values of Q 
the boundary is reached at approximately b=2h. In case of lower loads, it can be concluded 
from Figure 7 that a boundary is only reached for higher values of the base delay.  

Summarizing, choosing the basic delay b in the range of a few mean burst transmission times 
yields significantly improved performance while the fiber delay of the longest fiber in the FF 
buffer is still in a feasible range. The latter conclusion is valid for burst transmission times up 
to a few 10’s of microseconds as assumed here, however, burst transmission times of 
milliseconds would lead to infeasibly long FDL’s.  

In the following, a base delay b=2h is assumed as it provides an optimal or close to 
optimal Ploss for most architectures considered. 
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Figure 10:  Loss over FDL delay in case of   an FB 

buffer with Q = 1, 2, 3, 4 
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8.3.3.3 Impact of Total Number of FDL Buffer Ports 
So far, the number of wavelengths in an FDL which corresponds to the number of bursts 
which can be stored simultaneously on the same FDL as well as to the number of switch ports 
assigned to an FDL has not been limited. As the size of the switching matrix is a key design 
parameter, we study the impact of the total number of buffer ports, np, on Ploss for an output 
with wL=8 wavelengths. In case of an FF buffer we assume for now that each FDL is assigned 

an equal number of ports wbi=wb, i=1,2,...,NF, which results in np=NF⋅wb ports.  

Figure 11 and Figure 12 depict Ploss over the total number of buffer ports, np, for the FF buffer 
with PreRes and NF=1,2,3,4 as well as for the FB buffer with PostRes and Q=1,2,3,4. For all 
buffer architectures, Ploss decreases with increasing np—in case of the FF buffer until a bend at 

np=NF⋅wL is reached and in case of the FB buffer until a lower boundary is reached for 

np<Q⋅wL ports. Due to the economies of scale relatively fewer ports are needed when 
increasing Q for reaching the lower boundary. The bend in case of FF with PreRes can be 
explained by looking at an individual buffer FDL: buffering more than wL bursts at the same 
time in the same FDL cannot lead to a lower Ploss as only a maximum of wL bursts can leave 

the buffer at the same time and be sent to the output channels, i. e. only wb≤wL is a reasonable 
dimensioning for an individual FDL. This holds true for each FDL in an FF buffer, which 
leads to the bends at np=NF⋅wL.  

For the FF buffer and a given number of buffer ports, np, having a greater number of 
FDL’s, NF, with a smaller wb yields better loss performance than fewer FDL’s with a 
larger wb. However, the latter can be achieved at a lower cost. As the difference is slight for 
small np and more distinct for larger np a small number of FDL’s is beneficial if only a small 
total number of ports, np, is available in order to minimize cost.  
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Figure 11:  Loss over total number of ports for FF 

buffers, NF = 1, 2, 3, 4 
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Figure 12:  Loss over total number of ports for FB 

buffers, Q = 1, 2, 3, 4 



Comparing a single FDL FF buffer and an FB buffer with Q=1,2,… under the assumption of 
an equal number of ports, np, is especially interesting as both scenarios are based on an 
identical FDL buffer. From Figure 11 and Figure 12 it can be seen that Q>2 recirculations in 
the FB buffer are needed in order to achieve a lower Ploss than the single FDL FF buffer. This 
is independent of np, however, the difference is marginal for very small np but increases 
significantly for larger np. From the technological point of view a key difference of both 
scenarios is that in an FB buffer bursts traverse a greater number of switching and amplifier 
elements and therefore accumulate noise. Thus, if only few ports are available an FF buffer is 
more desirable due to the reduced complexity. 

8.3.3.4 Impact of Port Assignment in FF Buffers 
In order to find strategies for assignment of FDL ports, we first evaluate the loss probability 
for all possible port assignments in a two FDL FF buffer with a constant total number of 
buffer ports np. Each combination of ports for FDL 1 and FDL 2, (wb1, wb2), can be 
characterized by the ratio wb1/np of ports assigned to the shorter FDL wb1 and the total number 
of ports np=wb1+wb2. In Figure 13, Ploss is depicted on a linear axis over this ratio wb1/np for 
several values of np ranging from 2 to 16. As described in the previous section, assigning more 
than eight ports to any of the FDL’s is not reasonable and is thus not considered here. The fat 
line in Figure 13 connects the minima of all curves of constant np, even for those curves that 
have been left out in order to improve clarity of the graph.  

For only a few ports, np, the curves are rather flat, symmetric with respect to wb1/np and have 
their minimum either if half of the ports are assigned to the shorter FDL and half to the longer 
FDL, or in case of an odd np if the longer FDL is assigned one more port. For a greater port 
count, np, the curves are no longer symmetric and minima are taken if the longer FDL is 
assigned the maximum port count of 8 and the shorter FDL is assigned all remaining ports. 
From the boundary found in Figure 9 for increasing FDL delay as well as from the fact 
that Ploss is almost identical for the combinations (wb1=8, wb2=0) and (wb1=0, wb2=8) it can be 
concluded that the different FDL delays are not the main origin of variations of Ploss over 
wb1/np but the different distribution of burst reentry times is. This is also supported by 
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Figure 14:  Comparison of spead algorithms 
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simulations for b=4h which showed almost identical loss probabilities and minima as depicted 
in Figure 13 for b=2h. For two FDL’s we conclude that assigning half of the available ports to 
both FDL’s yields best results for a small port count while assigning more ports to the longer 
FDL is beneficial for a larger port count.  

Based on the findings of the previous section, we introduce and evaluate four special 
strategies for assigning np ports to NF FDL’s. From the results of our evaluations for two 
FDL’s, it can be deduced that depending on the total number of available ports, np, strategies 
that spread ports over FDL’s uniformly or strategies that concentrate ports at either short or 
long FDL’s lead to better loss performance. This categorization motivates the following four 
strategies:  

• spread head (tail) first: The ports are assigned to FDL’s one at a time based on a round 
robin scheme, starting with the shortest (longest) FDL until all ports are assigned.  

• concentrate head (tail) with parameter wmax≤wL: wmax ports are assigned to the NF-1 
shortest (longest) FDL’s each and all remaining ports are assigned to the longest (shortest) 
FDL.  

Reasonable domains for the total number of ports, np, in the strategies spread and concentrate 

are NF≤np≤NF⋅wL and (NF-1)wmax<np≤NF⋅wmax, respectively. The lower limits account for the 
fact that there has to be at least one port per FDL and the upper limit accounts for the fact that 
assigning more than wL ports to an FDL does not improve performance or that at most wmax 
are allowed.  

Figure 14 compares the burst loss probability of the strategies spread head first and spread 
tail first for a given number of ports, np, and NF=2,3,4. It can be seen that the curves of both 
strategies are very close together, with the tail first strategy always slightly better except for 
the points in which both strategies produce the same assignment already studied in Figure 11. 
However, for some medium values of np the improvement of tail first is about as big as the 
improvement achieved by adding an additional FDL but comes at much lower cost. As both 
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Figure 15:  Comparison of concentrate algortithms  
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spread strategies have almost identical mean transfer times the tail first strategy is more 
suitable than head first.  

The strategies concentrate depend on an additional parameter, wmax, and depending on that 
parameter are defined on a smaller domain than spread. Figure 15 depicts the burst loss 
probability for the strategies concentrate and two values of wmax. For wmax=8, the concentrate 
tail leads to significantly lower Ploss for all NF except for the points in which both strategies 
produce the same assignment. While Ploss decreases rather uniformly in case of concentrate 
head, it drops more radically with concentrate tail for assignments in which there are only a 
few ports in the shortest FDL. For wmax=4, the difference is much smaller or even disappears. 
Thus, Figure 15 supports findings from Figure13: For a small np concentrate head and tail are 
almost identical while for a larger np concentrate tail definitely has a lower Ploss.  

When concentrate tail is used and all NF FDL’s in a buffer are assigned wmax ports adding one 
more port means adding an additional longer FDL, shifting all ports assigned so far to the NF-
1 longest FDL’s and assigning the new port to the shortest FDL. Thereby, the mean FDL delay 
is increased by approximately b which has some positive impact on losses (Figure 9). In order 
to quantify this impact, Figure 15 also contains values of Ploss (star symbols) for the case in 
which the shortest FDL is assigned no port but the NF-1 longer FDL are assigned wmax ports 
each, e. g. for NF=4 and np=24 ports. Comparing these values with Ploss obtained for the 
same np but NF=3, it can be seen that the effect of adding one more port dominates the effect 
of the increased mean FDL delay.  

In Figure 16, we finally compare spread tail first and concentrate tail which performed best 
so far. For NF>2 concentrate tail and spread tail first perform almost equally for both values 
of wmax. However, for NF=2 concentrate tail achieves lower losses for several values which 
has been discussed in Figure 13.  

Concluding, we found that in case of NF>2 the spread tail first strategy produced the lowest 
loss probability for by far most port counts, np, and should therefore be used to assign ports in 
the process of FDL buffer dimensioning. In the case of only two FDL’s, concentrate tail is 
more advantageous.  
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Figure 18:  Burst loss probability vs. conv. ratio for 

Poisson traffic (M=16)  
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Figure 17:  Burst loss probability vs. conv. ratio for 

Poisson traffic (M=8)  



8.3.4 Wavelength Conversion 

8.3.4.1 Impact of Conversion Ratio 
In Figures 17 and 18, burst loss probability is shown versus the conversion ratio, rc=NC/(N⋅M) 
for different number of output lines and values of load for scenarios with 8 and 16 wavelength 
channels. In both scenarios, loss probability decreases steadily with increasing number of 
converters until it reaches a lower boundary. In case of 8 wavelengths and load 0.4, this 
boundary is reached at conversion ratios of approximately 0.25–0.5, i. e., between 50% and 
75% of the maximum number of converters can be saved. For greater values of load the lower 
boundary is only reached for greater conversion ratios. When comparing respective curves for 
8 and 16 wavelength channels it can be seen that the lower boundary is reached at 
approximately identical conversion ratios. However, loss probability decreases more 
significantly for 16 wavelength channels when increasing the number of converters. This can 
be explained by the multiplexing gain of the larger bundle of channels. From Figures 17 and 
18 it can be seen that for a larger number of output lines the lower boundary is reached for a 
smaller conversion ratio. Again, this can be explained by the multiplexing gain which results 
from the larger number of converters in the pool. The curve for a single output line is included 
for reference and corresponds to a converter pool which is only shared for a single output.  

In order to quantify the dependence on the number of output lines and to obtain values for the 
number of converters needed in order not to exceed a certain penalty in loss probability, the 
effective conversion ratio is introduced. It is defined as the conversion ratio which results in a 
10% higher loss probability than the case of full conversion. Figure 19 depicts the effective 
conversion ratio versus the number of output lines for different values of load and 8 as well as 
16 wavelengths. No confidence intervals are provided as data have been extracted from 
graphs. The effective conversion ratio decreases fast for a smaller number of output lines and 
much slower for a larger number of output lines. From approximately 8 ports on and a load of 
up to 0.6, the effective conversion ratio is less than 0.5 and can be as low as 0.25 which results 
in substantial savings of wavelength converters. Again, the curves for different numbers of 
wavelengths have similar shape but for more wavelengths the effective conversion ratio is 
greater which is due to the higher carried traffic, i. e.occupancy of the output lines.  
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Figure 19:   Effective conversion ratio vs. number of output lines 



8.3.4.2 Impact of Traffic Characteristics 
Figure 20 compares the burst loss probability for the Poisson traffic model and for the self-
similar traffic model for two values of the rate ratio, β. The number of output lines is 8 and in 
case of the self-similar traffic model there are in average E [XB] =8 bursts in a train of bursts 

and the Hurst parameter is 0.6. The M/Pareto arrival process with rate ratio β=8 results in an 
almost identical burst loss probability as the Poisson process. In case of rate ratio β=2, the 
lower boundary is reached for the same conversion ratio but the burst loss probability is 
significantly higher. As highly dynamic traffic is a key motivation for OBS, the impact of 
parameters of the self-similar traffic model on burst loss probability is studied. Results which 
are not included in figures show that varying the Hurst parameter between 0.6 and 0.7 and the 
mean number of bursts in a train of bursts have hardly any impact. 

For an offered load of 0.4, Figure 21 depicts this dependence of the burst loss probability on 
the rate ratio for different values of the conversion ratio. Higher conversion ratios do not yield 
better performance and are therefore not included in the graph. It can be seen that for a small 
rate ratio loss probability is significantly higher than for a large rate ratio. Also, the 
improvement of loss probability due to wavelength conversion is smaller for a small rate ratio. 
It can be concluded that the higher the rate of individual streams compared to the aggregate 
rate the higher the loss probability and the less efficient the wavelength converter pool.  

8.3.5 Combination of FDL Buffers and Wavelength 
Conversion 
For a combination of a wavelength converter pool and an FDL buffer, Figure 22 compares the 
strategies prefer conversion and prefer FDL with respect to burst loss probability. Also, the 
case of no buffers is included for reference. A node with N=4 output lines, an FDL buffer with 
NF=2 FDL’s and NC=8 wavelengths per fiber and FDL are assumed. Note that if an FDL 
buffer is applied the maximum number of converters in the converter pool is the sum of 
wavelength and FDL channels. However, in order to receive comparable results, the 
conversion, rc, is still calculated with respect to N⋅M and could therefore exceed 1.  
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First, it can be seen that the combination of a shared converter pool and an FDL buffer has a 
significantly reduced burst loss probability compared to the case without an FDL buffer. For a 
conversion ratio less than 0.5 and for load 0.4, the strategy prefer FDL leads to a lower loss 
probability than the prefer conversion strategy. For a large number of converters or higher 
values of load the prefer conversion strategy performs equally good or better. It can be seen 
that the strategy prefer FDL which tries to minimize converter usage can better utilize a 
reduced number of converters. Prefer conversion extensively uses converters which can be 
seen from the fact that the lower boundary is only reached for larger values of the conversion 
ratio.  

The lower loss probability of the strategy prefer FDL comes at the cost of increased transfer 
delay. Figure 23 compares both strategies for the same set of parameters with respect to the 
transfer time normalized by the basic FDL delay which is chosen twice the mean burst 
transmission time. In case of the prefer FDL strategy, the transfer time stays constant while 
the transfer time in case of the prefer conversion strategy decreases when increasing the 
number of converters until a lower boundary is reached. This shows that for the prefer 
conversion strategy FDL usage decreases as the number of converters increases. In this 
scenario, the mean transfer delay is in the order of few tens of microseconds and can be 
neglected compared to propagation delay in long-haul networks or assembly delay in edge 
nodes. Increasing the FDL delay within the physical limits can further reduce the loss for low 
loads but also leads to increased transfer times.  

8.4 Conclusion 
In this report, key design parameters for application of converter pools and FDL buffers for 
contention resolution in optical burst switching nodes are discussed and studied. 
Investigations are performed for a Poisson and a self-similar traffic model including a study 
on the impact of traffic characteristics of the latter model.  Dimensioning of feed-forward as 
well as feedback FDL buffer architectures for OBS networks has been investigated 
considering two reservation strategies for FDL buffers, PreRes and PostRes. The impact of 
key design parameters such as FDL delay, buffer architecture, total number of buffer ports as 
well as assignment of buffer ports to individual FDL’s on burst loss probability has been 
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studied. For the assignment of buffer ports to FDL’s in multi-FDL feed-forward buffers four 
strategies have been introduced and compared. It is demonstrated that FDL delays in the range 
of a few mean burst transmission times yield close to optimal performance for all architectures 
and reservation strategies at high load. Increasing the number of FDL’s in feed-forward 
buffers or the number of recirculations in feedback buffers has significant impact for a large 
total number of buffer ports but leads to only minor improvements for a small number of 
ports. Assigning a given number of buffer ports to the FDL’s of a feed-forward buffer based 
on the introduced strategy spread tail first, which spreads ports over all FDL’s uniformly 
starting with the longest FDL, yielded lowest burst loss probability for more than two FDL’s.  

The influence of number of converters in the converter pool, number of wavelengths per 
output line and number of output lines on burst loss probability is evaluated. Even for a rather 
small number of output lines a substantial reduction in the number of wavelength converters 
can be achieved. For the self-similar traffic model, a large ratio of mean burst arrival rate and 
burst arrival rate during a train of bursts is shown to yield a high burst loss probability. For the 
combination of a converter pool and an FDL buffer two usage strategies are introduced and 
investigated. A strategy that prefers FDL’s over converters for contention resolution is shown 
to achieve improved loss performance for converter pools with a small number of converters.  
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