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Abstract

In this paper, we give an overview and classification of optical burst switching schemes and burst reservation concepts.
We compare the performance of different burst reservation mechanisms for an OBS node that does not distinguish differ-
ent classes. The one that performed best and allows service differentiation, called Just-Enough-Time, is then evaluated by
simulations and an approximative analysis for a two-class OBS node. A variety of new results show the pros and cons of
the evaluated reservation mechanism with respect to service differentiation.

1 Introduction domain. In 1995, a new technology entered the market in
the USA:wavelength division multiplexinGVDM) [20].
At the beginning of the new millenium several trends carThis optical multiplexing technique allows better explora-
be observed in the field of communications networksion of fiber capacity by simultaneously transmitting mul-
First, bandwidth requirement in networks seems to growple high-speed channels on different frequencies
without limits. IP (Internet Protocol) based data networkgwavelengths) [14, 19, 23].
play a central role. This is not only due to the fact that datgig. 1 shows a possible evolution scenario for photonic
traffic has surpassed voice traffic but even more due to thetworks based on WDM. WDM is still mainly used on
exponential growth rate of IP traffic volumes. Secondpoint-to-point transport links. Today, add/drop multiplex-
more and more users and applications request QoS (Quets (ADM) and cross-connects (CC) become available.
ity of Service) mechanisms from today’s communicatiorADMs and CCs allow the realisation of ring and mesh net-
networks. Third, optical technology continues to providevorks, respectively. For the future, there is a clear trend
an exponential growth at higher rate than IP traffic growtfowards higher reconfiguration speeds in these networks
in fiber transmission capacities. [21]. In the long term, optical packet switching seems to
In this paper, we will elaborate on these trends and shoie a promising technology. However, due to its complexity
how they motivateptical burst switchindOBS) as a new optical packet switching is expected to remain a research
switching paradigm for future transport networks. We stafopic for some more years to come.
with an overview of the evolution of photonic and IP net-Recently, OBS was proposed as a new switching paradigm
works, and classify OBS with respect to switching parafor optical networks requiring less complex technology
digms. Section 2 surveys the definition and desigthan packet switching. OBS is based on some concepts
parameters of OBS. In Section 3, different proposed resefeveloped several years ago for electronic burst switching
vation mechanisms are introduced and compared in a s¢fetworks. At that time, burst switching essentially was an
nario where no classes are distinguished. Section ektension of fast packet switching with packets of variable
describes an analysis for the burst loss probabilities withnd arbitrary length employing decentralized shared buffer
JET for arbitrary offset values. Finally, in Section 5 aswitches [1, 2, 15]. OBS has some more specific features
detailed discussion of the performance in a two-class OB&nd will be described in detail in Section 2.
node is presented. Another hot topic at the moment is extending Multi Proto-
col Label Switching (MPLS) concepts [25] to optical
transport networks (so-called MB) [4, 13]. Originally
developed to increase forwarding speed by using short
In the late 70s, the first fiber based optical transmissidabel information, work in the MPLS domain includes
systems were installed. Today, most wide area traffic imore and more traffic engineering and traffic management
communications networks is carried via fibers. Until a fevaspects [3]. For MRS, the core idea is to use wavelength
years ago, most systems used a single high-speed optichhnnels as labels and to establish appropriate routing
channel and all multiplexing was done in the electricapaths in the network. Such paths allow fast switching of

1.1 Evolution in Photonic networks
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data without requiring complex routing processes along | Optical Network

the path. Label switching concepts can be easily integrated / Functionality @
with burst switching concepts [18].
Label switching as well as burst switching concepts serve @ ,
a more efficient integration of IP and WDM than allowed ( Meshed Networks
by today’s multi protocol stacks. Both concepts can be @s
combined to a comprehensive and efficient “IP over
WDM” framework [8, 12, 18, 5]. CPoint-to-Point WDM Links
1995 20IOO tim,e

1.2 Evolution in IP networks

i i Fig. 1 Evolution of photonic transport networks
The Internet is a packet oriented network based on IP, a

connectionless networking protocol. The Internet has been

designed to offer best effort services and for a long timpacket switching in the optical domain allows a good
this was sufficient. But recent years have seen an increagtaptation to the dynamics of any higher layer. However,
ing demand for QoS mechanisms mainly due to new applihere are several other drawbacks. The first is concerned
cations, an increasing number of users and traffic volumgjith realisation aspects. If the realisation is based on opto/
and growing commercial interest in network services.  electrical conversion, it can be done with technology avail-
On the one hand, this lead to the development of new nejble today. But this approach suffers from the fact that the
work technologies like ATM (Asynchronous Transferdevelopment of electronics cannot keep pace with the
Mode) which allow a broad spectrum of service guaranrapid growth of optical transmission speed. This could be
tees. On the other hand, there is significant effort tgnproved by all-optical packet switching technology
include QoS mechanisms into the Internet. These mech@ncluding signal processing). Such all-optical approaches
nisms can be classified as providing eitabsoluteor rel-  will be difficult to realise in the foreseeable future e.g. due
ative guarantees represented by IntServ [7] and DiffSen highly complex technology and lack of optical buffers.
[6] approaches, respectively. Another basic restriction stems from the fact that packets
Itis a key feature of the Internet that it can be run basicalljave to be of limited size due to several reasons (buffering
on top of any transport technology. This independence @équirement in each node, increasing delay if store-and-
the physical layer strongly contributed to the wide spreagbrward is used). Moreover, each switching process needs
use of Internet technologies. Nowadays, Internet traffic ig finite non-zero time. This leads to reduced efficiency for
the dominant part in many networks. Therefore, more angrge data blocks which have to be transmitted using mul-
more networks are designed in an “IP centric” way. Thisiple packets..

includes a transport layer offering most efficient supporis a new paradigm, OBS tries to combine the advantages
for IP traffic. OBS is one proposal of how to realise such af both, circuit and packet switching while avoiding the
transport network main drawbacks described above.

1.3 Switching paradigms ) o
Optical Burst Switching

The basic switching concepts are circuit switching ang
packet switching. For their application in an optical trans-
port network, their pros and cons can be characterised @s1 Definition and motivation

follows. ) . I
Circuit switching (of wavelength channels) is relativelyAS mentioned above, OBS is in some way a combination

simple to realise but requires a certain amount of time fdif ©Ptical packet and circuit switching. Although there is
channel establishment and release independent of the c8R- unique definition of optical burst switching in litera-
nection holding time. This overhead, which is mainlyt“re_’ itis Wldely_ agreed that the following list describes its
determined by the end-to-end signalling time, leads to Bain characteristics.

poor channel usage if connection holding times are very OBS granularity is between circuit and packet switch-
short. For long holding times, circuit switching is very ing.

efficient from a signalling overhead point of view. How-« There is a separation between control information
ever, that case leads to a reduced ability to adapt to traffic (header) and data. Header and data are usually carried
dynamics. This is especially true if IP traffic with its  on different channels with a strong separation in time

bursty behaviour [9] is carried on top of such a circuit (see example OBS network link fig. 2).
switched wavelength network.



edge node

access network

reservation
manager

N core node
- N « / x _— reservation
burst assembly\ ~ X / - =&managerﬂ=
~ Ry —
) OBS network : :
control T - x . .
channel ! — M \— — \:l:
— — —
7._Jlﬁ§ﬂ_l_ X T A}
data wavelength optical
Chanrﬂi - e conversion switch matrix
° e
~

OBS network link <

Fig. 2 Node and network architecture for optical burst switching

* Resources are allocated without explicit two-way endThere are several possibilities how to perform reservation
to-end signalling, instead so-called one-pass reservaf data channel bandwidth. Our paper concentrates on the
tion is applied. evaluation of so-called SCDTséparate control, delayed

 Bursts may have variable lengths. transmissioh schemes. Th(_ase reservatio_n concepts are

L : . based on a strong separation of control information and

» Burst switching does not require buffering. . . .

o data. A reservation request is sent in a separate control

‘I‘\lote th"’,‘,t not all of these features must be satisfied angh ket on a different channel while the actual transmission

'smooth transmons to packet and to (fast) circuit switch-yf the data burst is delayed by a certain basic offset (see

ing are possible. o Fig. 2). This basic offset enables the intermediate nodes to

Although the concept of burst switching has been alreaddrocess control information and set up the switching

known since the 1980s, it has never been a big succesSifatrix. In contrast to systems with immediate transmis-
electrical networks. The main reason is that its complexit¥ijo 1 which send control information together with the
and realisation requirements are comparable to that gfyrst the network can do without buffering the data burst
more flexible electronic packet switching techniques (Iikg, each node along the path. SCDT, however, requires
e.g. ATM). . . . _ __higher complexity in edge nodes and introduces additional
However, with the introduction of very high speed opticalje|ay to bursts. The basic offset has to compensate for the
transmission techniques this has changed. Now, there is &y, of processing times in all intermediate nodes. There-
even increasing discrepancy between optical transmissigfle  some upper limit of the number of intermediate
speed and electronic switching capability. Moreover, duggges has to be known prior to reservation which requires
to cost and complexity aspects, it is advantageous to kégBme kind of source routing. In each core node, offset
data in the optical domain and to avoid opto/electronig,sormation in the header has to be reduced by the actual
conversion. On the other hand, all-optical packet SWithbrocessing delay.

ing is still too complex to perform all processing in thescpT schemes use one-pass reservation, i.e. the sender of
optical domain. _ o a burst does not wait for an acknowledgement of its reser-
Therefore, a hybrid approach like burst switching seemgytion request. This approach is in contrast to two-pass
very promising: it 'keeps d.ata in .the optical domal_n bufeservation as typically applied during connection setup in
separates control information which allows sophisticategycyit switched optical networks. The advantage of a one-
electronic processing of this control daféig. 2 shows ass reservation is higher efficiency as there is no over-
some of the main characteristics of an OBS n'et\_/vorlﬁead caused by propagation delay. An example may illus-
There are two types of nodes. In edge nodes, traffic is Cte this. The transmission time of a 100 kbyte burst on a
lected from access networks and assembled into Iargfo Gbit/s link is 80us while the propagation delay over a

data units, so-called bursts. Core nodes serve as trangiiance of 200 km (which is not long in a backbone net-

nodes in the core network. Their main task is switchingvork) is typically about 1 ms.
bursts vylthout e_XtenSIVe prpcessmg. T9 achieve thls_’ Son;lleon-SCDT schemes with data immediately attached to control informa-
control information containing reservation requests is NeGun could be imagined, but are very similar to either fast packet or fast cir-

essary ahead of every burst's transmission time. cuit switching.



«  WDM technologyAll OBS proposals using WDM as
case 1 accepted burst transmission technology require full wavelength con-
A offset burst time version in a core node such that each burst can be
| | switched to any of the output channels. Therefore,

there is a trade-off between performance benefits due
case 2 accepted burst 1 accepted burst 2 to higher number of wavelength channels and higher
A offset burst time cost due to more wavelength converters [21, 22].

arrival of control packet

arrival of control packet

Fig. 3 Reservation scenarios 3 Comparison of Reservation
concepts
2.2 OBS design parameters for SCDT
schemes 3.1 Reservation mechanisms

The following list describes the most important desigrRecently, several SCDT-based reservation mechanisms
parameters for OBS and includes examples from literdrave been proposed. They can be distinguished based on
ture.. their way of indicating the end of a burst and the time

Buffers for data bursts at intermediate nodégany When allocation of a WDM channel starts.
proposals avoid buffers or use only simple delay line rather simple approach is to indicate the end of a burst
packet switching system [16, 24, 26], other workPand terminator (IBT)In both cases, there is no informa-

includes sophisticated buffering concepts [28]. tion about burst length when the heading control packet
containing the reservation request arrives. A mechanism

that follows that principle igust-in-time(JIT) reservation
rir-} ]. Upon arrival of the reservation request a wavelength
channel is immediately allocated if available. Otherwise,
) o the request is rejected and the corresponding data burst is
QoS supportFirst proposals for burst switching only giscarded. The wavelength channel remains allocated until
considered one class of bursts [24, 26]. Due to thgyst transmission has finished. The only information that
increasing importance of QOS support, recent propo$s to be kept record of in network nodes is whether a
als extended the OBS concept to multiple servicgayelength channel is currently available or not. This
classes [27, 28]. makes JIT a light weight approach with low complexity in
Protocol aspects Designing a protocol for OBS both edge and core nodes. The drawback of JIT is, how-
strongly depends on the reservation mechanism amser, its reduced efficiency as losses also occur in cases
QoS support to be realised but still offers many degreasithout any transmission conflict between different bursts
of freedom. Even for the one-pass reservation schena® the same wavelength (case Fig. 3)
we focus on, “one-way” [16] or “two-way” [26] proto- An improvement to schemes like JIT can be achieved by
cols are possible. In the latter case, blocking events asing RLD eserve-a-limited-duration Mechanisms
successful channel reservations are reported badkased on RLD require the sender to signal the burst length
Note that even with two-way protocols in an SCDTin the control packet. A wavelength channel is only allo-
scheme burst transmission starts before any confirmeated for a limited duration so that subsequent burst trans-
tion message is received at the initiating node. mission requests with a start time greater than the finishing

Node architecture and technolagepending on the time of an allocated burst may be accepted (case 1 in
design choices for the parameters listed above, thefdd. 3). That means the basic offset interval of a burst may
are many realisation possibilities for a burst switchin@verlap the transmission phase of a previously accepted
node. Basic building blocks are 1/O interfaces, contropurst. Thus with an IBT approach, the new burst (case 1 in
information processing units such as a reservatiohid. 3) is lost because at the instant when the control
manager, and Switching systems for control and us@aCket arrives, the end of the previous (accepted) burst is
data possibly including buffers (s&dg. 2). [24] gives unknown. In contrast, the end is known with RLD and
a very detailed description of an example node archience the new burst can be accepted.

tecture, [28] describes various delay line concepts. * Qiao and Yoo denote this category as TAG (tell-and-go)
mechanisms [17, 18].

Resource reservation mechanismKey system
resources which have to be reserved are channels
possibly buffers. There are several proposals in lite
ture which are classified and compared in Section 3.



TheHorizonmechanism proposed by Turner in [24]isone w01 T T T3
representative of RLD-based mechanisms. In Horizoi F T
wavelength channel state information is enhanced by tt [ P

so-called reservation horizon, i.e. the time until which the Q7T onsantand varanle ofset
wavelength is allocated. When a new request arrives Hol
zon looks for the wavelength with the largest reservatio
horizon less than the start time of the new burst. Like il
JIT, reservation starts immediately upon arrival of the cor
trol packet and lasts until the expected end of burst tran F ¢ = =z 3z =T = =z = I
mission, which is the new reservation horizon of the i ]
corresponding wavelength.

Even higher efficiency may be achieved if start tmes o ol b v
burst transmissions are also considered for reservation, i

reservation does not begin immediately when a reque_

arrives but is delayed by the basic offset. This approach fsg. 4  Dependence of burst loss probability on offset
called RFD (eserve-a-fixed-duratignas the channel is

allocated for a fixed duration corresponding to the bursh his formulan represents the number of servers in a
transmission time. One proposal of an RFD-based resenfgzg system which in this context corresponds to the num-
t|qn mechanism Is;ust-enough-t|me(J!ET)_ developed b_y ber of wavelength channels on a link. The offered lgad

Qiao and Yoo [16, 18]. State information in JET COMPrisegg|eyant for loss computation depends on the reservation
both, the starting and finishing times of all accepted burstg, o .hanism. For Horizon and JET the offered load is sim-

which makes the system rather complex. On the othefiy ihe nhroduct of arrival rate and mean transmission time

hand and in contrast to Horizon, JET is able to detect Si'[Lh— of a data burst. So burst loss probability is given by
ations where no transmission conflict occurs although the - p = B(\ [h, ) @)
Loss, JET — ’ .

start time of a new burst is earlier than the finishing time of ~~ Loss. Horizon ™
the already accepted burst 2 (case Fig. 3), i.e. a burst Note that I-_lorlzon and QET have the same performance
can be transmitted in between two already reserved burstgder the given assumptions as the second scenario shown
Hence, bursts can be accepted with higher probability thdh Fig. 3 does not occur in the single node case with con-
in Horizon especially in case of large offset time variation.Stants . _ . _

Qiao and Yoo take advantage of that property and extedt JIT is applied as reservation mechanism the system
this mechanism in order to support different servic@€haves like a loss system with increased offered load,
classes [27]. In this case, the offset of a data burst consiégsulting in the loss probability

of a base componenb4sic offsetrepresenting the sum of ~ Ploss, it = B(A{(h+8),n). (3)
processing times for the control packet and an extra corfFhe reason for this is that each request blocks a channel
ponent QoS offsgt specific to a service class. As burstsfor an interval which length is the sum of basic offset and
with larger offsets experience lower blocking larger offseburst transmission time. The increased load leads to a
values are assigned to high priority classes. We will comigigher loss probability of JIT compared to Horizon and
back to this extension later in this paper. JET especially for largé as demonstrated by the lines in
Fig. 4 for 16 wavelengths and a total load of 0.5. Therein
as well as in several following graphs, we depict the burst
loss probabilities against the mean offset standardized by
The performance of the different reservation mechanisnmke mean transmission time in order to ease interpretation.
presented in the previous section can be expressed in terMsgerived measure especially interesting for dimensioning
of the burst loss probability. If we restrict evaluation to as the maximum burst arrival rate,,,,  that can be allowed
single node case with fixed offsels  for all bursts the los® achieve a certain loss probability on a link with a given
probability may be obtained analytically. In case of JETaumber of wavelengths. From (3) we can conclude that in
this means that only a single service class is consideredthe case of JIR,,,, is reduced by a factor of

Under the assumption that control packets (and in conse- Amax 1T 1

quence data bursts) arrive in a Poisson stream withxate Mmax JET ~175/h (4)

we can use the well-known Erlang’s B formula for the Iossas compared to Horizon and JEFig. 5 indicates that JIT
probability of an M/Gh loss system.

drastically remains behind JET and Horizon even for rela-

A"/l 1) tively small 3 . One can see from the figure that a JET/

z“ Alzin Horizon system with 16 wavelength is even better than a
=0 32 wavelength system using JITsif 1.7h

,4
~

— JET/Horizon, constant offset
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<« JET, variable offset a

burst loss probability

[N
o,
[

mean basic offset / mean burst transmission time

3.2 Model and analysis for a single class

X
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AR R s R RS RAALS ALY LAALE ARRS AAALS RAREY vation process and thus neither arrival nor reservation

] = events are reordered in time. This result has also been

16 i proven by simulation for various arrival and service time

Wb — JETMorizon ] distributions as well as offset values. Hence, we introduce
T ] the effective offset differenca, ;,  between both classes

AN ]
r A 1 By g = dy—0; = (5Qos ot90)—-0 = 6QOS o (5)

As the constant base offset has no impact on isolation, we

choose the basic offsét = 0  without loss of generality

] for all further evaluations.
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4.1 Basic formulae

e
5.0

basic offset / mean burst transmission time |n [27] |t ha.S been ShOWI’] by Simulation that the conserva-
] ] . ] tion law is satisfied for an OBS system as considered here.
Fig.5 Ma><3!mum burst arrival rate for given loss If this conservation law holds, the overall loss probability
probability 10 is not dependent e.g. on the number of classes. Thus, the

overall burst loss probabilit . o, in a two-class OBS
In a network scenario, the offset values occurring in a nodgode can be obtained from Erlang’s loss formula (1) in
will not be constant. Therefore, we also investigated thgase of Poisson arrivals for an overall offered loag and
influence of randomly varyingg by simulations as oumundle sizen independent of service differentiation as
analysis does not cover varying offsetsd. 4). For JIT p = B(Ay ") (6)
. . - . Loss all Il .

this has no effect, i.e. the loss probability can still be deterlh order to calculate the burst loss probability of the hiah
mined using (3). In the case of JET and Horizon, however b Y 9

we found by simulation that this variation leads to higheﬁ.”o”ty.c"?‘ss Ploss o » not only the offered load, ~ of the
. : . igh priority class has to be considered but also a fraction
losses (variable offset results Fig. 4 are obtained for

negative-exponentially distributed and burst Iength)(.)f the carried traffic of the low priority class. This low pri-

While this effect is minor for JET, loss probability signifi- O affiC Y1(8,,) represents bursts which started trans-

cantly increases for a larger mean offset when Horizon [ission prior to the arrival of the high priority control

applied. The conclusion is that the higher complexity o acket and are still being served when the high priority

JET as compared to Horizon results in better performancleLrjlrSt starts, 1.84,, after the high priority packet a_rrlved.
. is additional traffic stems from the fact that in this sys-
for varying offsets.

tem, high priority traffic is not totally isolated from low
priority traffic. Thus,P s o is approximated by

[ Ploss 0= B(Ag+Y1(8g,1).N) - (7)
: AnaIySIS for two classes The burst loss probability of the low priority clags s 4

In this section, we present an approximative analysis ¢fn be obtained according to the conservation law solving
the loss probabilities in a JET OBS node that distinguishes A, [P = Mo (PLoss 0™ M (Plossia (8)

. Loss,all ~
two classes. One motivation why a network should suppoylith arrival ratesh,, A, and, ,respectively. This aver-
rst loss probabilities with respect to their

only two classes - stream and elastic —.is t.he erate in t_aﬁing weights bu
Internet commu_mty and regent results indicating that_ thisecurrence.
QoS support might be sufficient [11]. For the followinggq; the carried traffier, (4, ) we have

analysis, we assume that class 0 has priority over class 1. ’ ¢

Unlike the single class case where all bursts have the same Y1(80,1) = Aj 1 -Pios) T1-F1(8g 1))  (9)

fixed basic offset to compensate switching and processinghere A; {1-P, .. ) is the carried traffic of the low pri-
times we follow — as mentioned in Section 3.2 — Qiao’'ority class at the time when the high priority control
and Yoo’s suggestion [27] to introduce an additional offsgbacket arrivesa - F:If.(AO, ;) is the complementary distri-
for the high priority class, calle@oS offsetthat provide bution function of the forward recurrence time of the burst
service class differentiation. transmission time attima, ; . It describes the probability
If the base offset and the QoS offset are constant thbat a low priority burst that has already started transmis-
degree of isolation between the classes solely depends sinn prior to some random observation time  (the time
their effective offset difference, i.e. the constant base offvhen the control packet of the high priority burst arrived)
set which is equal for both classes has no impact on isolaas not finished transmission within the period
tion. This stems from the fact that this constant base offsgt, 1 + 4, ;1. (9) is an approximation because in reality
d can be interpreted as a constant shift in time of the resdpnger bursts are discarded with a higher probability [10].



4.2  An iterative solution 5 Performance Evaluation of an

According to (7), (8) and (9), there is a mutual dependency OBS node implementing JET

betweenP . o andP ., .- Therefore, we suggest an
iterative solution for above formulae In the following, we use burst with mean burst length of

We initialize the iteration with estimates for tr(u)a loss prob 1r2]500 EISytes ;f["'th a line rate Osz 5tCt5bpS per wav?Iengthf
channel resulting in a mean burst transmission time o
al?n)mes of the high and low priorty classeBigs, o _and s. Load stan?:is for total load per wavelength compris-
Ploss 1 fespectively. These zero order estimates are givélP 1 per waveleng pri
in (10) and can be derived from (6) - (8) by decoupling thdng high as well as low priority traffic. Unless stated differ-

high priority class from the low priority class which is €NtlY, the interarrival time ist negative-exponentially
equivalent to neglecting, (4, ,) distributed. Guard times for switching are neglected.

In Section 5.1 we keep the offset unchanged and vary the

(0) o . .
Ploss 0 = B(Ao n) load while in Section 5.2 we keep the load to 0.6 with a
0) 0) (10) high priority load share of 30%and vary the offset.
PLoss 1= )‘1 |:()‘all EPLOSS a||_)‘0 Loss CQ

Similar formulae are also published by Qiao and Yoo [27F 1 Impact of load conditions on

and yield Iower limits for our analysis if the QoS offset is service differentiation

very large Fig. 9, see below).

The distribution function of the forward recurrence time ofFig. 6 justifies the assumption of Markovian arrivals used

the burst transmission time is given by in the analysis. Herep ... o is depicted for different low
t priority interarrival time distributions. It can be seen that

F{(t) = hiDJ' (1-F,(u))du (11 the high priority class is hardly affected. Therefore, our

1 .20 assumption of negative-exponentially distributed interar-

whereh, andrF(u) represent the mean and the distribtiival times yields reasonable results. o
tion of the burst transmission time, respectively. Finallyln Fig. 7 the loss probabilities of an OBS node that distin-

the amount of carried low priority traffic is determined byguishes two classes are depicted against the load. Relative
(9) using (10) and (11) traffic shares of both classes are kept constant, i.e. the high

0 0 f riority class is fixed to 30%. In this case, we assume a
Y( )(AO V= AHLI-P (0)551) H1-Fi(802) (12) onS %ﬁset of one mean burst transmission time, i.e.
and can be mserted |n (7) yielding a first order result fop |, = h, . Besides the absolute loss probabilities, the loss
the loss probabilityP{c,. , of the high priority class. By ralio of both classes is depicted showing that a good grade
application of (8) and the just derived result .. o aof isolation is provided over the whole load range, even for
first order result forp{g. ; is obtained. Iteration until high loads. Looking closer at the loss ratio one can see that
some precision criterion is satisfied leadsRQ,., o andith increasing load it slightly increases which leads to a
Ploss 1° changed service differentiation. However, if the focus is

4.3 Special case: negative-exponentially
distributed bursts

From formulae given in Section 4.1, it can be seen the  °F ' ' ' ' ' '

PLoss o IS dependent on the burst length distribution of the
low priority class whereas it is independent of the burs
length distribution of its own class. Section 5.2 will elabo-
rate on the impact of low priority burst length characteris
tics on high priority burst loss probability.
As the negative-exponential distribution has the properi
that its forward recurrence time is also negative-exponel
tially distributed, we have from (7) and (9)

hyperexponential, ¢,=1.5

1 |
P(ngss 0~ B(AO+ Al [(1 I:)(LIOSS):I.) e IJAD ! n) (13) 4 —— hyperexponential, ¢,=2.0
From (13), it is obvious that the influence of low priority ~ 10¢5——~o——F o7 ——

traffic on P s o decreases exponentially for increasing
AV
0,1

10%F

10°

— shifted negative-exponential, ¢;=0.5
- - negative-exponential

burst loss probability of high priority class

total offered load

Fig. 6  Different low priority interarrival time distribu-
tions (n = 4,4, /hy = 3)
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Fig. 7 Analytical and simulation results for loss proba-Fig. 8 ~ Varying low priority traffic with constant high
bilities and loss ratio against load € 8 A, ;/h; =1 ) priority load of 0.156 = 4 A 1/h; = 3 )

on a certain load interval, the JET protocol offers almosburst length DF.Fig. 9 also includes lower and upper
constant service differentiation. Curves obtained by analyoundaries forP ., referring to the case of neglecting
sis and simulation match well for all load values. the low priority traffic influence and the case of no isola-
Also of interest is the sensibility of the high priority classtion, respectivelyP o is depicted for the following low
to load fluctuations of the low priority clasBig. 8 shows priority burst length DF (with same mean value): negative-
the grade of isolation of a high priority class from a lowexponential DF, uniform DF between 0 and 2 mean burst
priority class with varying load in a scenario with only 4transmission times and second order hyperexponential
wavelengths. HereA, —and thdg,  —is varied aroundF with CoV of 2 and 4.
an initial configuration wherea#,, is kept constant at & can be seen that the analysis and simulation match quite
load of 0.15. It can be seen th& ., aml,,  well for all DFs. The analysis slightly overestimates the
increase significantly wherea® ., is only slightlysimulation because it assumes a loss probability independ-
affected. For a higher number of wavelengths the effect agnt of the burst length. In [10] we have shown that this is
the high priority class diminishes and consequently QoBot exactly true as longer bursts are discarded with higher
can be guaranteed almost independent of low priority traprobability than shorter bursts. It should be emphasized
fic. If only A, is increased, both loss probabilitieshere that the lower boundary — which is valid for all low
increase. priority DFs — is approached very slowly for the scenarios
with hyperexponentially distributed low priority bursts
5.2 Impact of QoS offset and traffic char- yvhich is also indicated by fo'rmulae (7) and (9). .This fact
. ) . - is not covered by the evaluations presented e.g. in [27] and
acteristics on service differentiation therefore leads to results which highly differ from the real

In case of a given traffic with well-defined characteristic$ystem behaviour. Thus, for a given traffic and a desired
such as the overall load, relative load and burst length diservice differentiation, the QoS offset might have to be
tribution of each class, the only way to influence differenchosen very large which causes undesirably long delays
tiation of loss probabilities is to change the QoS offset. Ifor the high priority class. In order to avoid this, the aggre-

order to determine a reasonable valuagf,  for the poirgation strategy should avoid producing low priority bursts
of sufficient isolation, following evaluations illustrate thewith such unpleasant DFs.
impact of QoS offset in various scenarios. Now, we focus on the low priority traffic for the just

Fig. 9 showsP| ., against the QoS offset normalized bylescribed scenario. IRig. 10 P ., is depicted for the

the mean burst transmission time in an OBS node with BFs also presented ifig. 9 and yields two important
wavelengths. Results are obtained analytically and by sinfimplications. First, it shows that for all DFs the low prior-
ulation. As bursts are assembled at the edge of the optid®d burst loss probability hardly changes for QoS offsets
network, e.g. by aggregating IP packets, the burst leng@feater than the mean burst transmission time. Conse-
distribution strongly depends on the aggregation strategy. This hyperexponential distribution satisfies the symmetry
Hence, we also compare results obtained for different low conditionp - h; = (1 - p) - hy, wherep is the branch probabil-
priority burst length distribution functions (DF). Accord- ity and h; and h, are the mean values of the respective
ing to Section 4.3p ., does not depend on high priority ~phases.
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Comparison of analytical and simulation resultd=ig. 11  Analysis of high priority burst loss probability
(n = 64)

quently, the ratio of i, ant® s, approximately fol-
lows the curve of the respective high priority burst lossgg
probability. Secondrig. 10depicts a limit of our approxi-

Conclusion und future work

mative analysis. All curves obtained analytically approacBased on a discussion of various switching paradigms as
the same boundary, whereas the simulated curves do megll as photonic and IP network evolution we showed that
converge. An explanation is the approximative applicatiooptical burst switching promises many benefits for future
of the conservation law described in Section 4.1.
Fig. 11 shows an effect that generalizes the previous disletailed overview of characteristics and design parameters
cussed behaviour of an JET OBS node. Here, an OBS optical burst switching. Then, a classification of differ-
node with 64 wavelengths is evaluated. It can be observet reservation mechanisms proposed in literature as well
that the run of the curves matches the one presentedas a performance comparison for a single OBS node was
Fig. 9 whereas the order of magnitude of losses changgsesented.

significantly.
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QoS supporting high speed transport networks. We gave a

In single-class optical burst switching, we found that JET
and Horizon perform equally well and much better than
JIT for constant offsets. Varying offsets have only minor
impact on JET but significantly degrade the performance
of Horizon.

As an important result in a two-class OBS node, we quan-
tified the strong dependence of the high priority burst loss
probability on QoS offsets and distribution of low priority
bursts. This is the basis for designing aggregation strate-
gies that assemble optical bursts at the edge of the optical
network. Moreover, we showed that in principle the pre-
sented results also hold if the number of wavelengths is
varied. Here, only the order of magnitude of losses
changes.

Further work could extend the analysis for multiple classes
and consider contention resolution such as buffering or
deflection routing. Furthermore, a discussion on the
Sehaviour of optical burst switching with various reserva-
tion mechanisms in a network scenario is necessary.
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