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Abstract 

 

In recent era, the scale of the Internet enlarges rapidly and the demand for network bandwidth has been increasing remarkably. 

Furthermore, the types of network services have been largely increased, and the proportion of multimedia technologies integrated 

by video and audio becomes larger. All these reasons have made the Internet traffic increase rapidly, and the demand for network 

bandwidth becomes more urgent than ever. With the explosive growth of the Internet optical fiber seems to be the perfect carrier 

for future high-speed networks. Nowadays, we are mostly studying the semi-transparent optical transport networks. In optical 

transport networks, the control messages are processed electronically, and the data are propagated in the high-speed transparent 

data channels. In this need, three types of optical switching architectures are proposed: Wavelength Switching (WS), Optical 

Packet Switching (OPS) and Optical Burst Switching (OBS). Of all these approaches, OBS can achieve a good balance between 

the coarse-gained wavelength routing and fine-gained optical packet switching. In this paper, we discuss main features of optical 

burst switching (OBS) and similarities between OBS and optical circuit- and packet-switching. We will study a new variation 

that is suitable for optical WDM networks. The central idea behind OBS is the assembly of client packets into longer bursts at 

the edge of an OBS domain and the promise of optical technologies to enable switch reconfiguration at the burst level therefore 

providing a near-term optical networking solution with finer switching granularity in the optical domain.         
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

With the advances in Wavelength Division Multiplexing (WDM) technology, bandwidth provided by a single fiber is increasing 

every day. Bandwidth demand on the Internet is also increasing with growing interest in multimedia applications like digital 

video, voice over IP, etc. On the other hand, the rate of increase in the speed of electronic processing, which is given by Moore's 

Law, is slower than the rate of increase in fiber capacity. This makes the processing of high-speed data in the electronic domain 

infeasible and results in the need of optical switching. Optical Burst Switching (OBS) is a technique for transmitting bursts of 

traffic through an optical transport network by setting up a connection and reserving resources end to end only for the duration of 

a burst. OBS seems to be a more prominent technology, at least in the near term. The OBS has recently been proposed as a 

candidate architecture for the next generation optical Internet [1]. The central idea behind OBS is the promise of optical 

technologies to enable switch reconfiguration in microseconds therefore providing a near-term optical networking solution with 

finer switching granularity in the optical domain [2]. In circuit-switching, a call, which consists of multiple bursts, is treated a 

basic switching entity in terms of consuming bandwidth as well as setting up switches like cross-connects, routers, etc, while in 

packet switching [11], a burst is transferred in several packets, each of which being a basic switching entity.  

For example, wavelength-routing is a natural choice for establishing SONET/SDH connections, while optical packet and burst 

switching are more efficient for directly carrying burst traffic generated by the IP layer. Moreover, the paper will show how the 

new burst switching technique makes OBS a better choice for building the next generation Optical Internet. 

II. WAVELENGTH DIVISION MULTIPLEXING (WDM) 

Wavelength Division Multiplexing (WDM) [3] is a technique to utilize the enormous bandwidth of the optical fiber. The fiber-

optic communication channel operates at different wavelengths can be independently modulated to accommodate dissimilar data 
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formats. WDM utilizes the large bandwidth (about 50 THz) of a single-mode optical fiber while providing channels whose 

bandwidths (1–10 GBPS) are compatible with current electronic processing speeds. A WDM optical packet switch consists of 

four parts: the input interface, switching fabric, output interface, and control unit. In the WDM, two packets are ready to be 

transmitted through the same output channel, creating blocking. One solution is that they are transmitted over two different 

wavelengths. This method requires that a single fiber combines number of wavelengths in it. The current coupling is about 200 

wave length per fiber. 

A network consists of wavelength-routing switches (or routing nodes) are interconnected by optical fibers of which some of 

those routing nodes (or cross connects) are attached to access stations where data from several end-users could be multiplexed on 

to a single WDM channel. An access station also provides optical-to-electronic (O/E) conversion and vice versa to interface the 

optical network with conventional electronic equipment. A wavelength-routed network which carries data from one access 

station to another without any intermediate O/E conversion is referred to as an all-optical wavelength-routed network. The 

wavelength routing in this manner are done through Optical Packet Switching (OPS) and Optical Burst Switching (OBS). 

III. OPTICAL BURST SWITCHING (OBS) 

In optical burst switching (OBS), a data burst [4] is kept in the optical domain at the intermediate nodes, while its control packet 

or header can be converted to electronics for processing. Since each burst is transmitted at the full-bandwidth of a wavelength in 

a WDM network while its control packet or header is transmitted on a separate wavelength, deciding how to schedule bandwidth 

reservation and set switches should be relatively simpler than in a TDM system (e.g. a telephone network employing pulse code 

modulation). Optical burst switching is an adaptation of an International Telecommunication Union – Telecommunication 

Standardization Sector (ITU-T) standard for burst switching in ATM networks, known as ATM block transfer (ABT). There are 

two versions of ABT: ABT with delayed transmission and ABT with immediate transmission. In the first case, when a source 

wants to transmit a burst, it sends a packet to the ATM switches on the path of the connection to inform them that it wants to 

transmit a burst. If all the switches on the path can accommodate the burst, the request is accepted and the source is allowed to go 

ahead with its transmission else request is refused. In the second case, the source sends the request packet, and then immediately 

after it, without receiving a confirmation, transmits its burst. If a switch along the path cannot carry the burst due to congestion, 

the burst is dropped. These two techniques have been adopted to optical networks. 

IV. OBS NETWORK ARCHITECTURE 

Optical burst switching provides a granularity between packet switching and wavelength switching [1]. In OBS, IP packets from 

different sources for the same egress edge node are assembled into a burst at the ingress edge node. When the burst arrives at the 

egress node, it is de-assembled back into IP packets and IP packets are electronically routed to their destinations as shown in Fig. 

1 [5]. When a burst is formed, a Burst Control Packet (BCP) is associated with it and sent to the network in advance on a 

separate control channel. The control packet is then processed electronically at each core node. According to the information 

carried in the BCP, the resources are reserved for the burst and switch settings are done beforehand. 

 
Fig. 1: OBS Network 
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V. 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. 

1) Wavelength Domain 

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

2) 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.  

3) 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.  

 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 [6, 7]. 

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. 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 have been proposed for output channel reservation can be applied [8]. 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 numbers 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. 

 Issues related to OBS 

An important issue related to one-way reservation in general, and OBS in particular (since there is no optical buffer), is how to 

deal with contention and reduce burst dropping. Another important issue related to OBS using a non-zero offset time is the end-

to-end latency encountered by each burst. These two issues are also fundamental when applying OBS to the next generation 

Optical Internet where differentiated services are to be provided. 
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VI. NEXT GENERATION OPTICAL INTERNET  

A control packet may be processed by each and every intermediate node running IP to set up a WDM switch and reserve 

bandwidth on an outgoing wavelength channel, so that the corresponding burst will go through only the WDM switches at the 

intermediate nodes [9]. For example, a wavelength-routing based technique was proposed in [10], whereby IP packets are first 

forwarded as usual (i.e. by the IP layer), but as soon as an IP flow is recognized, a wavelength is assigned as a label to all 

subsequent IP packets of the flow. Such an approach is therefore based on wavelength routing as a wavelength path needs to be 

established. It is important for the WDM layer to be able to provide low burst-dropping probability for high-priority traffic and 

limited end-to-end latency for real-time traffic. Such a WDM layer capable of supporting basic QoS will facilitate as well as 

complement a QoS-enhanced version of IP which currently only provides best-effort services.  

VII. CONCLUSION 

Optical burst switching (OBS) have the following main features: data is sent in bursts with a variable size, data is transmitted at 

the bandwidth of a wavelength (not a fiber), data can cut-through optical switches, control packets are transmitted on a separate 

wavelength and bandwidth is consumed only when data is transferred. Some of these features are similar to those of optical 

circuit-switching while some others are similar to those of optical packet-switching. OBS will require a limited or even no 

buffering of the data at intermediate nodes as optical circuit-switching, and achieve efficient bandwidth utilization when 

supporting bursty traffic as optical packet-switching.  

Note that, based on the current and near future WDM technologies and expected traffic to be supported (e.g. IP traffic) by the 

WDM layer, the question of whether there will be an single switching technique for use by the optical WDM layer is still open 

for debate. Nevertheless, as OBS achieves a balance between optical circuit- and packet-switching, it can serve as a base for any 

future convergence. 

Optical burst switching lies somewhere between optical packet switching and optical circuit switching. Data and control 

information are sent through different wavelength channels in an OBS system. In this report, we reviewed different switching 

techniques and examined the optical burst switched network architecture and the different reservation policies associated with it. 

We also summarized the art of contention resolution and the resolution schemes including optical buffering, wavelength 

conversion and deflection routing. 
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