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Abstract: In Optical Burst Switching networks there is a need for thengising solution to minimize the burst loss. When a burstent
into the ingress node of the network and finds the server namst transmission takes place normally. If the server gybihhe burst
would enter into the buffer at the ingress node and the batsimsmission takes place after sometime or the burstdeheenetwork
as impatient burst. This reduces number of bursts beingepset! in the network. To avoid burst loss, buffering andnsimission
techniques are combined. The effect due to the presencesibivedursts and negative bursts and the effect of pre emptiority on
the number of bursts being processed in the network are zethly

Keywords: Optical Burst Switching; positive bursts; negative burpte emptive priority.

1 Introduction contention occurs, but proactive approaches are used to
reduce network contention by proactively attempting to

For the past several years, a significant amount ofavoid network overload. But each one has its own
research has been conducted in the area of Optical Burdimitations [3,4].

Switching (OBS) networks due to the heavy demand in  In[5], the authors analysed mathematical models with
huge bandwidth and efficient network resource allocationvarious aspects of contention resolution techniquess,in [
[1]. Three Optical switching techniques are available t07,8,9,10], the authors proposed the concept of pre
handle the problem of effectively allocating the resourcesemptive priority. The aim of the priority is to serve higher
for the incoming traffic. They are Optical Circuit priority burst first by pre-empting lower priority burst. In
Switching (OCS), Optical Packet Switching (OPS) anda pre emptive priority queue, the service of a lower
Optical Burst Switching (OBS). Among these, OBS priority burst will be interrupted at once if a high priority
combines the merits of OCS and OPS. One of the majoburst arrives and will not be resumed until the network is
problems in OBS networks is burst contention. Thisagain void of higher priority bursts. The pre emptive
research has been motivated by the need for the promisingethod is favourable to higher priority bursts. ml[12,
solution to minimize the burst loss in OBS networ®.[ 13,14], the authors studied the queueing model with
Burst contention occurs when one or more number ofarrival of customers (positive) and negative customers
arriving bursts are directed simultaneously to reserve gbursts) with infinite capacity buffer. In an individual
single server. So an efficient contention resolutionscheme, the negative customer removes a positive
technique is required. In order to resolve contention incustomer in service if any and make server breakdown.
OBS, various proactive and reactive approaches likeSo, a negative customer can be considered as some kind
buffering, wavelength conversion, deflection routing, of work cancelling signal. The arrival of negative
retransmission and segmentation were discussed bgustomer has no effect on the system if it finds the system
various authors. Reactive approaches are invoked afteempty. In [L5], the authors proposed the concept of
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G-queue with pre emptive resume priority, delayed repairinterrupted burst along with the other bursts join the
and buffer search. The authors analy$¢dM /1 model  buffer. Otherwise all the bursts enter the buffer with
with working vacations (maintenance activities), negativ probability (= 1 — ®).

bursts and buffer search with retransmission queue and
the steady state equations are solved using matrix method
[16]. In [17], the authors explained about the effect of
arrival of negative customers when the system is not
empty. In this work, buffering with retransmission is
considered to increase the number of bursts being
processed in the network for a single server queueing
system (M*/G/1/») with infinite capacity buffer,
positive bursts, negative bursts, pre emptive priority and
with general service distribution.

Buffer
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Retransmitted bursts
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Figure 1 shows the analysis model of the OBS network. _ )

This OBS network has 2 nodes called edge nodes and Fig. 1: Analysis model of the network
core nodes. Edge node is the interface between electronic
domain and optical domain. It can be either ingress or
egress node. Packets are assembled based on assem J
schemes into a burst at ingress nodes, then routed throuq
the core node if necessary and disassembled back int
packets at the egress nodes. A core node is responsible Wth rate A=, The negative burst removes the positive
f°fwafd the data bursj[. !n this quel, the concept .Ofburst in transmission from the network and causes server
buffering and retransmission f_or a single SEIVer qUeUeIng, o akdown. The repair of the failed server starts
system(M*/G/1/e0) with positive bursts, negative bursts immediatelil. If the server is under repair the arriving

and pre emptive priority'with general Qistributiqn Is burst enters the buffer with probability or leaves the
considered. When a positive burst enter into the ingress L. vork with complementary probability as impatient

node O.f t.he network and finds the server freg, burStburst. The repair times are assumed to follow general
transmission takes place normally. If the server is busyblistribution with distribution functionB(x), density

the burst would enter into the infinite capacity buffer at functionb(x), Laplace stieltjes transfor@*(s) with first

the ingress node and the burst retransmission takes pla(fﬁ/o momentsb; andbs,. As soon as the transmission of

ﬁquevre:?rr:;elt(ljryve.riﬁmval oc;];ticleggufsrlobrgn p(i)nSI'Rlveeszlrj\:isée the positive bursts is completed, the server searches for
P yp 9 the bursts in the buffer with probabili§ or remains idle

to the buffer. Thus, the bursts with highest priority are with probability 8 = (1 — 6). The service times are
served first. Arriving of negative burst discards positive oo\, meq 10 be generally distributed with distribution
burst in the service from the network and make the Serve - tion S(x), density functions(x), Laplace stielties

inclined to breakdown. The repair of the failed server transformS: () with first two momentsu, and .

e e ot i o The st o the netcrk at i be descried by
Ieavesgthe network with complementar probabilitIy asthe Markov proces¢X(t),t > 0} = {C(t), N(1), £ (1),t >
b yp y 0} whereC(t) denotes the server state 0, 1 or 2 according

o o SENYT <813 the server being e, busy o under breakciou
Y- P pair, denotes the number of bursts in the buffer at ttme
accepts the new burst.

The retransmission time is assumed to follow general
dtribution  with  distribution function R(x), density
nctionr(x), Laplace stieltjes transforiR*(s). Negative
ursts arrive independently according to Poisson process

Here the packets are assumed to arrive in batches Also,
catlleg+bu_rl_sr:s iccotrdir_lg ;o. PoissonOI process \évlith a}mval elapsed retransmission timegft) = 0
rate AT. The burst sizeY is a random variable wi - L N
P(Y = k) = C, where k is a positive integer. The £(t) = q elapsed service tlme,-ﬁt(t) =1
generating function of the burst size distribution withtfirs elapsed breakdown time, f(t) = 2.

two momentsm andny, is given byC(z). If the arriving

positive bursts find the server free, then one of the burst 1€ _functions y(x), p(x) and A(x) denote the
reserves the server and begins the transmissioh€SPECtVe conditional completion rates (at tijefor
immediately and others join the buffer. If the server is retransmission, service and breakdown respectively. Then

g ; b
busy, then the arriving bursts proceeds to the server wittV/(X) = 1i<—,§()><>,l1(x) = 15(—&))() and A(x) = 1,(—;;()@- The
probability @ and one of the bursts interrupts the burst in steady state equations are solved using supplementary
transmission to commence its own transmission and thevariable techniquell)].
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2.1 Steady Sate Distribution

For the process{X(t),t > 0}, define the probability

densities
Eo(t) = P{C(t) = 0,N(t) = 0}

En(x,t)dx = P{C(t) = O,N(t) = n,x < &(t) < x+dx}

forx>0,n>1

Wh(x,t)dx = P{C(t) = L,N(t) = n,x < &(t) < x+dx}

forx>0,n>0

Rn(X,t)dx = P{C(t) = 2,N(t) = n},x < &(t) < x+dx}

forx>0,n>0
The system of steady state equations are
M Eo= [ Wo(u(ax+ | Ro()A()x

EXE“(X) = —(AT+y(X)Ena(x),n>1

d
d _
SVHX) = —(A7 A+ WA
+AT o i CWn—k)(x),n>0
K=1
d

d_XRn(x) = —(gA T +A(X))R(X)

n
+A7qy GRi-k(X),n>0
K=1
with boundary conditions
E1(0) = & /0 W () 11 (X)X + /0 Ry(X)A (x)dx

En(0) = @/Omwn(x)u(x)der /Ow Rn(X)4 (X)dx
Wo(0) = A C1Eo + /O " E () y(x)dx
+e/0°°w1(x)u(x)dx
Wh(0) = A"CruaBo+ | Ena(x)y(x)dx
+A+a>kick /0 "W k(x)dx
e kilck / " En ke (X)dx
+0 / “Wha(0p(x)dx, n> 1
0

Ra(0) = )\‘/Omwn(x)dx, n>0

The normalising equation is

Eot Z/ En(x)dx+ Z/ W (X)dx
n=1-/0 n=070

1)
()

®3)

(4)

(5)
(6)

(7)

(8)
9)

+ ni)/ow Ra(¥dx=1 (10)

After solving the above equations using
supplementary variable technique we get the following
performance measures.

2.2 Performance Measures

e The probability that the server is idle during
retransmission time is given by
EQ)=E=E(1-RA")[(1-SATo+17))
A M1+ (ATgby) + AT (M + @)
+ATO+A)(OMSATO+AT)-1)]/3 (11)

where

I=(SATO+A)—DATD+AT M +A A gy
+m(1—R(AT)A

7]
FATOAT)(1-m(1-R(A)BS AT D +A7)).
(12)

e The probability that the server is busy is given by

CEQRANHATM(1-S (AT +A7))
- J

W(1) =W
(13)

e The probability that the server is in break down mode

is given by

_ EoR*(A +))\ A JrI'Yl;]_bj_(l— Sk(/\+¢ +A7)

B(1)=B :

(14)

e The number of bursts in the buffey is given by

Cod NN
La=1m ZPa@ =5 (15)

where
Ny = EER" AT AToS (AT o +A7)
A1+ (1-SATD+A7))A Tmygby)]
Ny = EgR* (A T)[2A T @k + m@S (AT D+ A7) —my)
~A7(2S'(AT O +A7))A T mygby)
FAT (O (L -S'ATD+A7))]
J=SATO+A7) -1 AT (2m +my)
+ATgA Tk
+2mA 7/\+qb1(1—R*()\+))
+mpA ((1-R(AT))
+2ATPOME(L-R AT)S (AT o +A7)
—(AT®+A7)Bk(2my(1—R(AT))
+mpB(1-RAT))S AT +A7)
+2k2()\ _)\+m1Qb1+)\+(D(1+ ml)
+my(1—R(AT)A]
ky = mpby + gA *néb, and

00

ko = A+ By / e (A7 @A PXyg(x)dx
0
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e Number of bursts being processed in the netwlosk  shows for increase in arrival rate, more numbers of bursts

under steady state is are being processed in the network in the analysed
method is more when compared to the conventional OBS
Ls= I—q +W (16) method.
3 Application .
Negative bursts are used to model server failure in £ 1:'
computing and Communication system. Also, they have &3z _ .
been used to model random neural networks, task S=2 , B conventional 0BS
termination in speculative parallelism, faulty comporsent | §% B Analysed Method
in manufacturing systems and server breakdo®8}. [A £ o
breakdown at a server is represented by the arrival of & =~ * 01 02 03 04 05
negative customer which causes some customers to b Arrival rate of negative bursts - (Bursts/sec)

lost. The failure due to negative customers is interested as
loss of call in telecommunication networks and loss of Fig. 3: Arrival rate of negative bursts vs. number of bursts being
messages in OBS networkdd. In a manufacturing processed in the network

system, a negative customer represents a cancellation of a

job. These lead to many applications in the modelling of

manufacturing systems and communication systghs Figure 3 shows the impact of arrival rate of negative

bursts on the number of bursts being processed in the
] ) ) ) network. It is noted that the arrival rate of negative bursts

4 Simulation Results and Discussion has a significant impact on performance of the network.

Simulation result shows that the number of bursts being
Simulation results are carried out by assuming that theprocessed in the network decreases on increase in arrival
retransmission time, service time and repair time followsrate of negative bursts. The analysed method gives better
exponential distribution with respective ragegt andA. results than the conventional OBS method.
The equations have been validated using MATLAB
simulation for the parameter@]] asA™ = 10,A~ = 0.3,
®=06,0=056=05u=4,A=1,y=230. The

number of bursts being processed in the network is| . 7
calculated by varying the rates™, A—, q and @ for 2 :
; X .t . 8 £

single server scenario and presented in Fidut@ Figure £y 4

6. E E E 3 N Conventional OBS
i E i : B Analysed Method
g o
z 2

e 0.15 0.25 0.35 0.45 0.55
Arriving burst joining the bufferProbability (q)
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Fig. 4. Probability of bursts joining the buffer for retransmissio

¥ Conventional OBS vs. number of bursts being processed in the network
B Analysed method

MNumberof bursts being
processed in the network (Ls)
(=T - ]

noous 12 125 13 Figure 4 shows the effect of probability of bursts
Arrival rate of positive bursts 1" (bursts/sec) joining the buffer for retransmission on the number of
bursts being processed in the network. This shows that in
Fig. 2: Arrival rate of positive bursts vs. number of bursts being the analysed method more number of bursts are waiting in
processed in the network the buffer for retransmission and to be processed in the
network.

Figure 5 shows the comparison of number of bursts
Figure2 describes the effect of arrival rate of positive being processed in the network with analysed method to
bursts on the number of bursts being processed in théhe conventional OBS method. The graph is plotted for
network in both conventional and analysed methods. It isnumber of bursts being processed in the network with

observed that the arrival rate of bursts has a significanvarying the pre emptive priority probability. Figure shows
impact on performance of the network. Simulation resultthe number of bursts being processed in the network is
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