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Abstract—In this paper, we explore the issue of connection effect of service performance which determines the degfee o
provisioning and performance analysis in WDM network by  satisfaction of user of the service [4]. The network is define
ensuring the QoS requirement of the connection requests from in terms of the QoS metrics or cost metrics. While routing,

client in the network. Each connection request can be specified th L is d ) h that th lected
with a Q-Factor, which is defined in terms of bandwidth and delay € provisioning 1S don€ In such a way tha € selecte

associated with the light path. The paper discuss the improvement route should satisfy the QoS requirement of the client. The
in blocking probably for incoming requests while performing identification of QoS characteristics and their charazégion
routing by our proposed algorithm and the traditional shortest js determinant to the conception of QoS aware routing. The
path algorithm. . . . QoS characteristics used to support routing in optical ogtw
abillﬂs.ex Terms—WDM, light path, disjoint path, blocking prob- include bandwidth, delay, jitter and loss rate. Here we con-
sider QoS metric in terms of bandwidth and delay. The two
parameters described in term of Quality Factor (QF) which is
defined as network cost. For each light path in the network
Due to the large bandwidth offered by the optical fibreQF is defined in terms of the bandwidth and delay associated
the optical network is becoming a unique candidate for theith the fibre in the path. The bandwidth mainly depends on
future internet transport infrastructure. Wavelengthisidn length of the link and dispersion effect in the fibre link. And
multiplexing (WDM) in optical fibre network has been rapidlydelay depends on the wavelength assigned for the light path.
gaining acceptance as a means to handle the ever increa3ihg computation of QoS aware path for connection request
bandwidth demands of network users [1]. The WDM routegquires the information regarding the current state of the
networks provides an optical connection layer which caasisetwork and the client requirement for the connection rejue
of several light paths. A light path is defined as an optic@lfter selecting a route which satisfies the QoS requirement,
connection from the source to destination node, traversitige wavelength availability has to be checked. In this wark,
several intermediate optical wavelength routing nodes [2]daptive routing, the selection of route from a source node t
In WDM network, the most important issue is routing and destination node is performed dynamically on the basis of
wavelength assignment for connections with an optimizegtwork state. Similar works has been reported in [5, 6, 7, 8,
blocking probability by considering the network cost of th@, 10]. The paper [6] suggest a multicast optical level dvett
tree which is defined as the sum of cost of all the links in theath (OLSP) establishment mechanism for supporting high
tree. bandwidth multicast services in WDM. The papers [5, 7,
The recent researches in WDM network mainly focusse] studied on the effect of polarization mode dispersion at
on routing techniques which guarantee a minimum number loifyh speed optical fibre channels. Another issue reported in
connection drop offs. Due to the tremendous increase in 8, which says how Bandwidth broker works centrally and
internet traffic now a days most of the network services apeovides QoS to the clients. The paper [10] says about traffic
specified in terms of strict QoS parameters. This work cobased guaranteed QoS which is fully wavelength and number
centrated on QoS satisfied light path routing and wavelengih applicant dependent. None of this paper concentrated on
assignment algorithm which provides better results inlifgg the bandwidth and delay based Q-Factor calculation and the
probability. In this paper most of the attention devoteduols light path connection provisioning mechanism based on the Q
networks operating under wavelength continuity constyén Factor requirement of client. This paper develops a new QoS
which light paths are set up for connection requests betwegmaranteed routing algorithm that ensures better perfiocma
node pair and a single light path must occupy the san®mulation is done for various networks with different nienb
wavelength on all of the links that it spans [3]. of nodes and links and compared the results with the existing
The concept of QoS in communication system closebigorithm.
related to the network performance of the underlying rautin
system. Quality of Service can be defined as the collective

I. INTRODUCTION



Il. QOSBASED ROUTING MECHANISM If p(s, d) is the light path connection for a source(s) and
A. Network model destination(d) pair, then computed Q-Factor can be fortedla
as follows

QFe(s,d) = Min{QF (i, j)},¥(i, j) € p(s,d) (4)

: — 2) computation of blocking probability: AssumeTNCR(s,
L Eew d) is the total number of connection requested for a source
(s) and destination (d)TNCB(s, d) is the total number of
connection blocked, then the blocking probabilBf( s, d)
can be defined [12] as follows

TNCB(s,d)

BP(s,d) = TNCRG.D 100 (5)

C. Algorithm for Routing and light path assignment

In this work the light path selection is established by con-
sidering both the required Q-Factor of client and the comgbut
Q-Factor metric for all paths in the network. If the required
Q-Factor is satisfied by one of the computed connections, the
that connection is selected for a client, and then the checki
for the availability of wavelength is performed. AssuQEr (s,
The network model under study is an optical WDM networl) is the required Q-Factor for a connection request for a
consists of multiple nodes connected by optical fibre in mesburce destination paiss, d) and QFc(s, d) is the computed
topology as shown in Fig 1. The wavelength routed opticg-Factor, which are explained in previous section, thea, th
network consists of optical cross connects (OXCs), opticabndition for light path provisioning is explained as foll®
Add and Drop multiplexers (OADM) which are connected
through WDM links. The OXCs have no wavelength conver- QF(s,d) < QFc(s,d) (6)

sion capability, which means a wavelength in an input fibigere we consider two routing algorithms for finding lightpat
can be switched to any output optical fibre, but must be @8 wWDM network. I. Shortest path algorithm 1. Disjoint path
the same wavelength. The edge equipments connected to 4fayrithm

optical network can communicate each other only through all1) The mechanism of routing : In Shortest path algorithm,
optical path (light path) established dynamically. while performing routing, among all possible paths only the
shortest path is taken into consideration. But in the pregos

B. problem formulation : > A - )
. . ) algorithm all disjoint paths are considered for routing.eTh
1) computation of Q Factor metric for light paths. Here important steps in routing is given below

we consider the Q Factor in terms of bandwidth and delay gTep 1- Find all possible light path connections for a
associated with the optical fibre link. Consider an optig#t | .,1action request.

source destination nodg, j). If DS(i, j) is the dispersion of — gTEp 2. Find Shortest light path (For shortest path algo-
the fiber and_(i, j) is the length of the fiber link paifi, J) in it m) /all Disjoint paths (for Disjoint path algorithm)dm
kilometers, the bandwidth matrix can be defined as [10] 5 possible light path connections and compute their QtdFac
(i,§) = g (1) metric for all wavelength used.
DS(i,5) x \/L(i,7) STEP 3: Arrange all the disjoint light path connections in
'p_cremental order of Q-Factor. Let p is the total no of disjoi
ight path connections.

STEP 4: Compare the required Q-Factor value for a con-
Qection request with the Q-Factor values of all the conpasti
?granged in STEP 3 one by one.

STEP 5: If it is satisfied then go to STEP 6, otherwise go
to STEP 7.

D(i,j) =a+ b)\?’j + c)\;f (2) STEP 6: Check whether the selected light path is busy or
. - not. If busy the call will be blocked. Go to STEP 1 for next
where a, b, ¢ are material dependent fitting parameterskan(éonnection request, otherwise go to STEP 8.

is the wavelength assigned for the liik j). We defined the STEP 7: Assian the selected liaht path for the requested
link cost as the ratio of bandwidth and delay, which is terme&)nnectior{ Go t% STEP 1 for nex?corrl)nection requesqt

as Q-Factor and will be represented as below STEP 8: Calculate blocking probability using equation 5.
. B(i,j) The algorithm can be explained with the help of Flowchart
QF(i,9) = 55753 @) (refer Fig 2)

| Optieal Core Layer

Optical Core Router
(om)

Fig. 1. WDM network architecture

Where o represents the pulse broadening factor should ty
cally be less than 2@ of a bit time slot for which polarization

mode dispersion can be tolerated. As per the network canditi
if D(i, j) is the link pair delay, then the end-to-end delay i
the sum of link delays suffered by a connection at all route
along with the light pattp(s, d) and given as [11]



Accept call Request, Let N

is total no of request , n=1 @

Find all possible light path disjoint
| paths/shortest path for the request &

100
-Factor for all for paths
Q P 120 <

@ -
- ©

110

120

Sort all light paths in the incremental

order of Q-Factor, let j is the total no of
paths

Compare the Q-Factor requirement
QFr(s,d) with the individual Q-Factor of (a)
paths  QF(pj(s,d)),j J j=1

~° - @ o

100 &
N @ ®
@ 140
= 100 100‘
Yes -
130 @
Assign the particular light path for the

request Call blocked

If QFr(s,d)
£ QF(pj(s,d))

If wavelength
is available?

(b)

L I— @
NO @ 7 80
If n=N
%0 - 2
Yes @

Calculate blocking probability @ 10 |

110
100 |
80 90
Stop 80 @
© o @

110

Fig. 2. Flowchart decribing routing algorithm
(©

I1l. PERFORMANCEANALYSES Fig. 3. Simulation model(a)nodes=4,links=6(b)nodes=Rstkri 1(c)nodes=10,links=!
A. Smulation model

Simulation is performed for various WDM network with - . .
different number of nodes and links. The basic topologi«axdusShOWn in Fig 3(b) and Fig 3(c). From plot (Fig 4(a), 4(b) and

for simulation are shown in Fig 3(a), 3(b) and 3(c). Routin4(c)) it is clear that blocking probability depends only et

. . . ﬂl,}mber of connections that has to be provisioned and the Q-
is done for various number of connection requests for each

the three network using shortest path algorithm and Ditsjoi'r?acmr requirement of that connection request and not on the

path algorithm and performance analysis is done in terms %Lfmber Of nodes.m the networll<.. . .
number of calls blocked. Simulation for light path provisioning done by varying the

number of wavelengths (2, 4, 5, 7, 8) used in the network with

B. Smulation Results 10 number of nodes and 14 number of links. The blocking

Fig 3(a) shows a network with 4 nodes and 6 links. Throbability for different network load is plotted as showm i
light path provisioning is done for this network for varioudid - The result shows that by increasing the number of
numbers of connection requests and the blocking probgbil¥avelength in the network, the blocking probability can be
is computed in each case. The result is shown in Fig 4. Frdffuced.
the plot it is clear that more number of calls can be estabtish
by using disjoint path algorithm compared to shortest path
algorithm. Blocking probability increases with the incsean In this paper we have studied the QoS guaranteed routing
the number of connections. Simulation is repeated for netwaproblem for optimized connection drop offs. We have progdose

IV. CONCLUSIONS
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