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Abstract
In this paper, we give an introduction to optical burst switching 
(OBS) and compare it with other existing optical switching 
paradigms. We analyze and then  compare performance models 
of a fast-adapting and centrally controlled form of optical 
circuit switching (OCS) with a conservative form of optical 
burst switching (OBS). We compare Optical Burst Switching 
with Optical Circuit Switching and Optical Packet Switching 
techniques.
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I. Introduction
With recent advances in wavelength division multiplexing 
(WDM) technology, the amount of raw bandwidth available 
in fiber links has increased by many orders of magnitude. 
Meanwhile, the rapid growth of Internet traffic requires high 
transmission rates beyond a conventional electronic router’s 
capability. Harnessing the huge bandwidth in optical fiber 
cost-effectively is essential for the development of the next 
generation optical Internet.
A number of approaches have been proposed to take advantage 
of optical communications and in particular optical switching. 
One such approach is optical circuit switching based on 
wavelength  routing whereby a lightpath needs to be established 
using a dedicated wavelength on each link from source to 
destination. Once the connection is set up, data remains in 
the optical domain throughout the light path. An alternative to 
optical circuit switching is optical packet switching. In optical 
packet switching, while the packet header is being processed 
either all-optically or electronically after an Optical/Electronic 
(O/E) conversion at each intermediate node, the data payload 
must wait in the fiber delay lines and be forwarded later to the 
next node [1, 2].
In order to provide optical switching for next generation 
Internet traffic in a flexible yet feasible way, a new switching 
paradigm called optical burst switching (OBS) was proposed 
in [3–5].  There are two common characteristics among these 
variants:
1. Client data (e.g., IP packets) goes through burst assembly/
disassembly (only) at the edge of an OBS network, nevertheless, 
statistical multiplexing at the burst level can still be achieved 
in the core of the OBS network.
2. Data and control signals are transmitted separately on 
different channels or wavelengths (_’s)1, thus, costly O/E/O 
conversions are only required on a few control channels instead 
of a large number of data channels.
In this paper, we first introduce the basic idea of OBS, compare 
it with other switching paradigms and point out why OBS is a 
viable technology for the next generation optical Internet. 

II. Optical Burst Switching
In an OBS network, various types of client data are aggregated 
at the ingress (an edge node) and transmitted as data bursts 
which later will be disassembled at the egress node. During 
burst assembly/disassembly, the client data is buffered at the 
edge where electronic RAM is cheap and abundant. Optical 
packet switching (OPS) is conceptually ideal, but the required 
optical technologies such as optical buffer and optical logic are 
too immature for it to happen anytime soon [6].
In OBS, a prevailing reservation protocol  networks is called just-
enough-time (JET). In JET, a control packet reserves an output 
wavelength channel for a period of time equal to the burst 
length , starting at the expected burst arrival time , which can 
be determined based on the offset time value and the amount 
of processing time the control packet has encountered at the 
node up to this point in time. If the reservation is successful, the 
control packet adjusts the offset time for the next hop and is
forwarded to the next hop; otherwise, the burst is blocked and 
will be discarded if there is no fiber delay line (FDL). In the last 
several years, several other contention resolution techniques, 
including deflection routing and burst segmentation, were 
studied to reduce data loss in OBS networks.
Given the fact that OBS uses one-way reservation protocols 
such as JET and that a burst cannot be buffered at any 
intermediate node due to the lack of optical RAM (an FDL, if 
available at all, can only provide a limited delay and contention 
resolution capability), burst loss could be a serious problem 
for OBS networks, especially when the system is adversely 
synchronized and bursts repeatedly arrive in worst case or near 
worst case patterns. Since most of the commercial systems 
require an acceptable worst case performance, it is important 
to understand the worst case performance and also design 
scheduling systems with optimized worst case performance.
Since OBS takes advantage of both the huge capacity in fibers 
for switching/transmission and the sophisticated processing 
capability of electronics, it is able to achieve cost reduction 
and leverage the technological advances in both optical and 
electronic worlds, which makes it a viable technology for the next 
generation optical Internet. Optical burst switching is a natural 
paradigm for bursty traffic which is common found in on-chip 
self-similar flows. Memory access overhead is amortized by big 
burst length. Results of performance simulation and analysis 
reveal its outstanding advantages over electronic I/O signaling 
in terms of throughput, latency and energy consumption.

III. Optical Circuit Switching
Optical circuit switching is based on wavelength  routing 
whereby a lightpath needs to be established using a dedicated 
wavelength on each link from source to destination. Once 
the connection is set up, data remains in the optical domain 
throughout the light path. Optical circuit switching is relatively 
easy to implement but lacks the flexibility to cope with the 
fluctuating traffic and the changing link status. Both OCS and 
OBS serve as umbrella terms for a broad variety of specific 
approaches to all-optical switching. As such, most all-optical 
switching techniques fall under the classification of either OCS 
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or OBS, though there is a grey area encompassing switching 
techniques that exhibit defining characteristics of both OCS and 
OBS. In general, a switching technique in which no blocking is 
possible at a switch falls under the classification of OCS.

IV. Optical Packet Switching
In optical packet switching, while the packet header is being 
processed either all-optically or electronically after an Optical/
Electronic (O/E) conversion at each intermediate node, the data 
payload must wait in the fiber delay lines and be forwarded later 
to the next node. Optical packet switching (OPS) is conceptually 
ideal, but the required optical technologies such as optical 
buffer and optical logic are too immature for it to happen 
anytime soon.

V. Analysis of Three Techniques
A switching technique in which blocking is possible at a 
switch falls under the classification of OBS, though OPS is 
an exception since it is a classification in its own right. OBS 
is an optical analogue of switching techniques developed for 
one-way reservation in asynchronous transfer mode (ATM) 
communications, including tell-and-go and fast reservation 
protocol with immediate transmission. OBS and fast adapting 
forms of OCS are closely allied and differ mainly in that OBS 
is founded on one-way reservation, while OCS on two-way 
reservation. Through this key difference, OBS trades off an 
assurance of no blocking at each switch for a reduction in 
signaling delay. Comparative studies in of tell-and-wait and 
tell-and-go, ATM analogues of fast adapting OCS and OBS, 
respectively, concluded that trading off an assurance of no 
blocking at each switch for a reduction in signaling delay 
is favorable in long-haul communications. Sacrificing an 
assurance of no blocking at each switch is however more 
dire in optical communications since blocking is greater at an 
optical switch than a commensurately dimensioned electronic 
switch due to wavelength continuity constraints. In particular, a 
lightpath is constrained to a common wavelength in each fiber it 
traverses, whereas channels in electronic communications are 
indistinguishable, thus allowing greater multiplexing of channel 
capacity and hence lower blocking. As such, it appears trading 
off an assurance of no blocking at each switch is less favorable 
in OBS than in tell-and-go.

VI. Importance of OBS
Existing switching paradigms in optical networks are not suitable 
for bursty traffic transmission. Optical Burst Switching [8] allows 
the creation of high-speed all optical networks with present 
technology, compared to Optical Packet Switching (OPS) that 
still suffers serious technological limitations and Optical Circuit 
Switching (OCS) that has poor bandwidth utilization for bursty 
traffic [8].
Switching techniques falling under the classification of OCS 
encompass a huge amount of switching timescales. At one 
extreme, techniques including wavelength-routed OBS, 
optical analogues of tell-and-wait, adaptive optical time-
division multiplexing (OTDM) and fast circuit switching adapt 
on a millisecond timescale, either distributively or centrally, 
whereas at the other extreme, permanent and semi-permanent 
wavelength-routing remains static for possibly years. Fast 
adapting forms of OCS are criticized for signaling delays 
incurred in establishing a lightpath in addition to acknowledging 
its establishment through a signaling process referred to as 

two-way reservation. In particular, an edge router foremost 
signals its intention to establish a lightpath to each switch that 
lightpath traverses, or possibly to a central controller, after 
which it awaits a return signal acknowledging a lightpath has 
been established. At the other extreme, wavelength routing is 
criticized for its inability to rapidly time multiplex wavelength 
capacity among different edge routers, which may result in 
poor capacity utilization.

VII. Conclusion
OBS is a viable technology for the next generation optical 
Internet. In optical burst switching (OBS) networks, a key 
problem is to schedule as many bursts as possible on 
wavelength channels so that the throughput is maximized and 
the burst loss is minimized. Existing switching paradigms in 
optical networks are not suitable for bursty traffic transmission. 
Optical Burst Switching [8] allows the creation of high-speed all 
optical networks with present technology, compared to Optical 
Packet Switching (OPS) that still suffers serious technological 
limitations and Optical Circuit Switching (OCS) that has poor 
bandwidth utilization for bursty traffic.
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