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Abstract— Optical Label Switching (OLS) has been proposed
as new paradigm to provide optical resource provisin and

support of Quality of service (QoS) satisfaction foapplication

with various constraints. Admission Control and planing are

critical tasks affecting OLS networks, since the ngvork design

and data operational costs are fundamental criterin in

networking platform and operation. In this paper, we

introduce a novel technique for network resource ad traffic

management based on real-time handling of the netwio

capability and traffic requirements. This technique handles
signaling tasks, admission control and contentionasolution.

We develop a scalable admission control and planngn
formulation approach based on buffering and transmssion

capabilities, and traffic requirements. Finally, smulation

experiments are performed in order to validate ourproposal.

I.  INTRODUCTION
The rapid grow of Internet traffic, and the emeigenf

mean value analysis (MVA) [3] in which the traffic
requirements and network resource availabilityraemaged
through the use of mean value of traffic and system
parameters. Other works (e.g. [5]) have addressedalv
topology and traffic grooming optimization, where
traditional optimization methods are used. Howeakithese
methods do not take into account dynamic real-time
variation of system status and traffic requiremerstsvell as
cannot achieve a suitable decision for resourceation and
utilization, and high level of QoS satisfaction.

In this work, we address the issue of admissiortrobn
and planning of OLS networks based on a dynamietirea
handling of traffic parameters and network resource
capability. We propose a scalable approach anddi@enit
using the incoming traffic requirements in termgha delay
and loss. The proposed approach considers a dyneatlic
time management of node architecture and traffic
characteristics, such as the time variation of wutpaffic

novel applications and services has triggered neWste and buffering capacity, at each core node hef t

requirements in terms of resources allocation arality of
service (QoS) support. Optical Label Switching (Qlt&s
been proposed as a suitable switching paradigm
providing fast switching capability, resource pgwning
and QoS support [1]. Admission control and plannarg
critical tasks in OLS network, since network desigmd
efficient data transmission costs are fundamentsigth
criterion which influenced the choice of the netking
infrastructure and operation. Admission control che
implemented for preserving traffic
achieving a high level of resource utilization. \Wéwees
planning can be build in order to dimension andnoige the
network resource as well as to efficiently mandgettaffic
parameters. Presently, the network resource dimeing)
and optimization formulation, in presence of an atbed
call admission protocol (CAC) scheme, is an impurta
design issue in OLS networks. Such formulation t&n
applied for optimizing network resource allocati@md
utilization in terms of buffering and transmissioapacity,
and traffic parameters.

To our knowledge, little work has considered prowd
admission control, and networks resource dimensgaind
optimization in optical switched QoS-oriented tiaff
parameters. These methods provided a static agpresicy

considered path, as well as the input traffic patens and
wavelengths capability, along the transmissiontpgth. We

fodiso develop an analytic model for formulating satey the
admission control problem, and resource dimensgmind
optimization problem by means of a conservation [dlv
and queuing network model. Finally, simulation stuths
been conducted in which a comparative study of-tieed
approach and MVA approach is performed in order to
validate the efficiency of our novel approach.

requirements and

The remaining part of this paper is organized Hevs.
Section 2 briefly studies the basic concepts of @ieS
network architecture and schemes as well as thesaum
control and planning problem. Section 3 develops a
theoretical model that can help to design the gpiate
admission control and planning problem formulatising a
conservation law [4] and queuing network model.ti8act
discusses the validation of the proposed apprdaciugh a
simulation work. Section 5 concludes the paper.

II.  OLSNETWORKSARCHITECTUREAND SCHEMES

We describe here an OLS network architecture dred, t
dynamic signaling and contention resolution scheasesell
as the admission control and network planning bl



A. OLScore node and network ar chitectures D. Admission control and planning problem

An OLS network consists of a collection of edge and OLS networks aim at improving resource allocatiod a
core nodes. The network uses the core node arthitec providing an efficient resource utilization to sgpipvarious

proposed and analyzed in [2]. The nodes are intewxxted
with DWDM links. Core nodes transfer IP traffic fnoan
input port to its destination based on new labeitching
framework built during a signaling step [3] contamptraffic
requirements and real traffic parameters. The cuwde
performs signaling protocol, and adopts dynamicexation
resolution using wavelength converters and ODL dosff
The node architecture is typically composed of Mduinand
M output ports. Each port consists of several chEwhich
can handle with w wavelengths and a set of multgie and
demultiplexers. For a complete description of
architecture, the reader can refer to [2].
components of this architecture are: the input gssing unit
(IPU), switch control unit (SCU), switch fabric ar{SFU),
waiting unit (WU), and output processing unit (OPU)

B. Dynamic OLSsignaling scheme

In OLS network, the transmission process is pretdnye
the lightpath, label switching path (LSP), setugt ttiefines

applications constraints. Dynamic signaling andtention
resolution schemes provide an over-dimensioning of
resource allocation and inefficient use of the cited
resource through the use of MVA approach [3]. Tevéhte
these problems, we introduce a novel dimensionind a
optimization approach using dynamic real-time w#oia of
resource capability and a suitable call admissiontrol
protocol for providing an optimized signaling costn
efficient resource allocation, and a better traffic
management. To implement our approach, we need to

thisconsider the traffic parameters, the estimatiothefarrival
The mairprobability of the traffic i delayed j times duritige interval

I, wherel, O [K.T, (k+1).T]. k is defined as a multiple
number of packets length (i.eld0, (m-1)], m represents
the end-to-end delay constraint used to resolveeotion
and T denotes the slot duration or packet len@#jstm).
We also consider the estimation of the probabilifythe
resource availability in terms of transmission dndfering
availability. The decision-making for admission trehand

the route between the ingress node and egress nodietwork resource planning is made based on thenatsid

Dynamic Signaling protocol as it is proposed in{i8ks two
new label frameworks: label request and label mapprhe
first label is created by the ingress edge andtsethie egress
node. Its structure contains the requested tredficirements
in terms of delay and loss. The second label ik bod sent

back to the ingress node in order to confirm thePLS
establishment and update the switching tables & th

concerned LSP-core nodes. In this case, the traffic
transmitted over the network core using the esthbd LSP.
IP packets have a variable-length, and the switchéiel
which insures that the switching process is complethead
of the incoming traffic packets. This label carridse
switching wavelength value, the traffic requirenseand real
QoS values processed along the related LSP-coesnod

C. Dynamic contention resolution scheme

The dynamic contention resolution is made basethen
wavelength conversion and ODL buffering (in thatler).
The QoS-related aspect shows that the choice opdloket
to convert or to delay, in the contention casdalen based
on traffic parameter states on the entire netwéitr a
complete description of the dynamic contention lggm,
the reader can refer to [3]. When contention ogdies core
node compares the difference between contract edteasn
and real parameters in terms of delay and los®uatfeaded
packets. The authorized packet is directed to itginal
output port whereas the contended packet is cartveot an
alternative wavelength of the established LSP toidav
conflict. If no wavelength is available, the pacieestored in
one among the available ODL buffers. According he t
feed-backward buffer utilization located in WU, elaled
packet traverses an ODL, and re-enters the swifcho
ODL is available the packet is dropped. If contemtis still
occurring, a packet may be buffered several timakowt
exceeding the requested blocking delay of theedlaaffic.

parameters and traffic requirements along theedlBSP.

I1l.  ANALYTIC MODEL FOR ADMISSION CONTROL AND
PLANNING

We present hereinafter the analytical model deweslop
for admission control and planning of the builhligath.

A. Modeling

To model an LSP, we consider a core node which
handles N traffic types labeled 0,1,...N-1 that avmposed
of variable-length traffic packets. L&t d, andw denote,
mean packet length, buffering capacity of the naahel
transmission capability available at each outputt,po
respectively. Each traffic i is assumed to reqaireaximum
packet lossL and a maximum packet blocking delay,
Diax- Let PTki,j, for O5jsm;, represents the traffic sub-type
consisting of packets of tydewhich have been buffergd
times during the intervdk as it is defined in the previous
subsectionPTki,o represents initial arriving packets of traffic
i at the node. In addition, we assume that arriviackpts of
typei addressed to a specific output port of the notlevio
Poisson process with ralséiqo. Packets are transmitted with
needed Qo0S, real QoS status and integrate the agequ
traffic sub-types. FinallyB; andF¥; denote the blocking
probability due to the lack of wavelengths at otifpart and
the blocking probability due to the lack of aval@®DL in
buffering unit forPT¥; traffic type.

The proposed model is an open queuing network syste
as it is defined and analyzed in [2, 3], is complos&two
queues. Queue 1 (say gl), which represents theitopgpt
transmission queue, has ayD/k/k preemptive dynamic
type. Queue 2 (say ¢2), which represents the vgaitimit,
has an M/D/d/d type. The system is assumed to bandl



N*(m+1) traffic sub-type. Let us consider now the pathat a core node n with j delay durihganda the considered
followed by a packet through the queuing networktesy.  packetnumber, respectively. In this case, the probabdity
The newly arriving packet (i.ePT<o) can be switched the considered random variable is given by:

immediately or be moved to the WU. In the firstegaa gl N1

is allocated to this packet during a service timgd. packet z /li"’ﬁ . 0k

length), and then the packet leaves the systethelsecond P(X™ < a)=| i ’ Z (/]O,kfj )' e’ (2
o< . .

case, the packet is sent to g2 where it can alsebed or
be dropped. When the packet is served, the qddsataéd
during a deterministic service time T. Once itsvger at g2
is completed, it moves to gl as a packet of thfédraf sub- nk /],”'J‘ 2 (yok-j ) ©
type PT¢,. Let note that each time the packet returns to g1, P(X/} sa) = F (Ai 0 )
its traffic sub-type is updated by incrementingdicording i0

to its stay duration jEﬂPTki,jﬂ). Because buffering threshold
is fixed tom, a packet of sub-tyrjéTkim which cannot seize
one server at gl will be dropped. In addition, epabket
transmitted from g1 to g2, wherenjix needs to be buffered.
If no ODL is available, the packet is dropped.

®)

Let PL™ and PL,"* denotes the overall packet loss and
the packet loss of traffic i measured at LSP-conéenn
during . Using the previous probability formulatiorfa, "™
andPL;"*aregiven by the following expressions:

m; -1

Now, we consider a lightpath consisting of n coveles. X Mkgnko4 Z X Mk gk onk

Based on the assumptions made for a node, it beceasy pL S~ T (4)

to model a lightpath. The arriving packet of traffi PT;; at i T m,

an output port follows the similar behaviors ascdiegd for Z X

a core node. Let nowPT";, OsisN-1, Osjsm, Osl<n-1 i=0

represents the traffic sub-type at tifecbre node (i.e. node m,

0) consisting of packets of typavhich have been delaygd Z X Mgk nk

! . K e j it

times duringl,. PT°%, represents a newly arriving packets nk =0 nk _ (5)
. t H . PL = - , Where F - 1

of typei at the £ node during. Moreover, we assume that I m

arriving packets of typé that are addressed to a specific Z X

output port |9f each core node follows also a Poiggocess i=0

with rate A°,. We denote the blocking probability due to L ; .-

the lack of wavelengths at output port Bgfki,,- and the C.  Admission control and planning decision

blocking probability due to the lack of the aval@®DL by Based on collected informgtion and resource caipﬂbil
", 0sisN-1, 0j<sm for the traffic of sub-typ@T"* ;. each core node of the considered LSP can contritute

accept the incoming traffic and characterize théwvoek
resource availability based on the formulationsaf@) (7).

B. Model analysis

Let us consider a path traversed by a packet thrdtug P(PLin’kSLMax) 2 1-¢ (6)
gueuing network of the established path and supihagehe K )
arriving packet is an element of sub-typ@, Oslsn-1. P(PLM <Lya) = fd) = o)
According to the stay duration [J(PT'% ., ) described for Minimize(d) Minimize(w)
one core node, we note that each packet succgssérited {f(d)zl—g {g(w)zl_g
at a g1 of the each core node, its traffic sub-igpepdated with w link capacity with d buffering capacity  (7)
according to node number(OPT* ). The analysis has
been conducted using a conservation law that wiéialliyn wheree:system parameter
proposed for the evaluation of burst blocking piolites in Where the probability oPL™ can be formulated based
an optical burst switching (OBS) network [4]. on two functionsf andg which are given by the following
To analyze the blocking probabilities of the digiet ~€XPressionst.(d, k, o, m) andg (k, d, 2%0, m).
traffic sub-types of our analytical model, we faellothe IV. SIMULATION AND NUMERICAL RESULTS
analysis based on the considered conservationIJat/\Mki,,- . . .
denotes the arrival rate of the traffic sub-tyﬁéﬂé‘j, O<i<N- We present here the implemented simulation model an

1, Gsj<mi duringl, interval. Then/lki,j is given by: discuss some of the most important numerical result

) e e e iy A. Smulation Model

— pk-j -+ -+

Al = Ao DO Byl (1 Fil ) 1) In our simulation model, we have found interesting
) ) ) consider four input traffic types for the arrivingackets

wherej O[1 K ifk <m Hsej O[1,K denoted by TO, T1, T2 and T3. TO has the loweéfi¢rimss

h and transmission delay tolerance. T3 has the hidgbes and
blocking delay. We assume that the input trafitos of
packet traffics are 10%, 20%, 30%, and 40% fofic&ypes

Let X™;, X™ and a denote a random variable whic
represent the number of packet (of traffic of typarrived



TO, T1, T2, and T3, respectively. All packets haveariable [3]
length generated uniformly distributed in the imgdr[250,
1500] bytes. The following performance metrics haeen
chosen to resolve the formulated problem: the pgaldes [4]
mean rate and the average packet-blocking delay. imput
system parameters have been considered: the miteata [5]

mean time and traffic load (packet number).

B. Numerical results

Figures 1-2 depict the average packet-blockingydahel
packets-loss mean rate versus the impact of tlee-amtival
mean time. These figures illustrate that, for @ffic types,
the increase of the input parameter decreases utmuto
parameters. This can be explained by the fact that
increase of the input parameter increases thed@parating
two successive packets decreases the traffic chadgeh
induces the decrease of the risk of contention, smdhe
output parameters. Figures 3-4 plot the averageepac
blocking delay and packets-loss mean rate versusgripact
of traffic load. We notice that, for all traffic pgs, the
increase of the input parameter increases the butpu
parameters. This is because the growth of packetbau
increases the traffic load, which increases thd s
contention and the output parameters. We obsentg ttie
real-time approach performs better than MVA apphnoaicd
offers a high level of QoS satisfaction in termslagfs and
delay, for all traffic types. This is because thepwsed
approach provides real-time status of system pasmand
traffic characteristics which can help each LSReaawde to
reach a suitable decision on admission control esfu
processing, and resource dimensioning and optiioizat

V. CONCLUSION

In this paper, we mainly addressed the issue ofsiom
control and planning for OLS networks. We introdilice
new technique for dimensioning and optimization in
presence of novel admission control scheme based or
dynamic real-time management of traffic requireraesmd
network resource in terms of transmission and binife
capabilities. Based on traffic contract and realffic
parameters, dynamic differentiation is performexigh the
use of wavelength conversion, and ODL buffering
techniqgues to resolve the contention. We have also
developed a theoretical model for formulating thepoesed
approach by mean of a conservation law and queuing
network model. The simulation results show that the
dynamic real-time approach can effectively bettgluce the
loss and delay compared to the MVA approach.
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