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Abstract -- In this paper, we have study existing resource                                             

utilization method proposed in literature and presented the 

comparative version. We observed that, in the existing scheme 

the estimation period is approximately calculated for estimation 

of reservation bandwidth in the OBS network.  However, if the 

reservation bandwidth is calculated based on arrival traffic 

intensity rather than fix estimation value, the efficient use of 

resource can be gain with minimum delay                                                                       

and lower blocking ratio. We proposed a model where in by 

varying the estimation duration with respect to change in the 

arrival rate at the burst generation stage, hence the optimal 

bandwidth allocation is realized. The comparison of proposed 

scheme with approximate model shows that our scheme perform 

better under smaller size of burst load and extremely better 

under higher size of burst for minimum bandwidth utilization in 

the OBS network.  

Index Terms:  Burst Assembly, OBS Network, Estimation 

duration.    

 

I. INTRODUCTION 

he potential of optical fiber was fully realized [1] with the 

invention of dense Wavelength Division Multiplexing 

(WDM). The all optical scheme known as Optical Burst 

Switched (OBS) network is consider as the most efficient 

architecture that can utilize the terabits of bandwidth available 

with single fiber. The user data is transmitted in the varied 

size data bursts containing many data packets. The data burst 

is send as an optical signal along the path from source to 

destination [2]. The control information for each burst is 

transmitted prior to its corresponding Before transmission of 

actual burst, the Burst Control Packet(BCP) is send to reserve 

the resources for incoming data burts at all the nodes and the 

BCP  is electronically processed at each node along the path. 

The dynamic nature of OBS allows for network adaptability 

and scalability, which makes it very suitable for the 

transmission of bursty Internet traffic [3]. Since OBS 

networks provide connectionless transport, the bursts may 

contend with one another at intermediate nodes. Contention 

may arise when many data bursts from different input ports 

want to use the same output port. In electronic packet 

switching networks contention is controlled by buffering the 

packets; however, in the optical domain, the light signal 

cannot be store as of now. Since there is no optical equivalent 

of random-access memory, the implementation of buffers is 

realized in practice. Moreover, the assembly algorithm at edge 

node determines the value of bandwidth reservation at core 

node through the process of burst control packet. 

 In this paper presents the fundamental concepts [4] of 

bandwidth reservation along with challenges [5] that are being 

faced by research community around the globe and their 

proposed solution in open literatures. In addition, this paper 

indentify a unique proposed technique to resolve all the 

current issues of inefficient bandwidth allocation by carefully 

selecting the length or timer based hybrid scheme for 

generation of  the burst at assembly unit of the edge node 

rather than  using the traffic unaware scheme in the OBS 

network. In section II, the basic of OBS described. In the 

section III, the current method of bandwidth reservation are 

described followed by in section IV the proposed model 

presented. In the section V, the comparison of simulation 

results are discussed. The Section VI, conclude the paper. 

II. OPTICAL BURST SWITCHING 

An OBS network consists of core nodes and end-devices 

interconnected by fibers as shown in Fig. 1.The core node 

includes an optical cross connect (OXC), an electronic switch 

control unit, and routing and signaling processors [6]. The 

non-blocking switch OXC can switch an optical signal from 

an input port to an output port without converting the signal to 

electronics. The OBS end-devices are equipped with an OBS 

interface and could be electronic IP routers, switches, etc. 

Each OBS end-device is connected to an ingress OBS core 

node. The end-device collects traffic from various networks 

(such as ATM). It sorts the traffic based on destination 

address of end-device and assembles it into variable-size 

units, called bursts [4]. 

With each burst, the end-device also generates a BCP, which 

contains information about the burst, such as the burst length, 

burst destination address, etc. This control packet is 

immediately sent along the route of the burst. So that it can 

configure the core node with end to end optical path for the 

incoming burst. The control packet is electronically processed 

at each node. After a delay time, known as the offset, the end-

device transmits the burst itself. The burst travels as an optical 

T 



International Journal of Research and Scientific Innovation (IJRSI) | Volume III, Issue VI, June 2016 | ISSN 2321–2705 

www.rsisinternational.org Page 129 

 

signal over the end-to-end optical path set up by its control 

packet. This optical path is release after the burst transmission 

is completed [4, 7]. 

 

Fig 1. OBS Network lookout [2]. 

In OBS, the separation of the control plane and the data plane 

provides efficient electronic control while it offers great 

flexibility in the transmission rate of the user data. This is 

because the transmission bursts remains transparent as an 

optical signal throughout the net work [9]. In general, the time 

it takes the control packet to reach the destination end-device 

is equal to the end-to-end propagation delay plus the sum of 

all the processing delays at all the intermediate core nodes. On 

the other hand, the time it takes for a burst to reach the 

destination end-device is only equal to the end-to-end 

propagation delay [4]. The reason is that the burst is 

transmitted as an optical signal that goes through the OBS 

switches without any processing or buffering delays. The 

offset is a function of the number of hops that the control 

packet has to traverse end-to-end. 

 The burst aggregation algorithm at the end-device can have 

significant effects on the OBS network performance because 

it control the burst arrival traffic and determine the burst 

characteristics and [4]. The algorithm includes parameters 

such as a pre-set timer, a maximum burst length and a 

minimum burst length. The timer computes exact time of 

burst generation after aggregating the multiple data packets at 

end-device. The maximum and the minimum burst length are 

very control the size of the data bursts. The maximum burst 

length leads to over utilization of network resources because 

the very long bursts hold the resources for a long time and it 

results into the noticeable loss of other data bursts. The 

minimum burst length is also very troublesome. Many short 

bursts may give rise to too release of many control packets 

and it can overload the control unit of the OBS node.  

III. QUEUING OBS MODEL 

In this paper, network having N + 1 edge nodes interlinked by 

bidirectional fiber connection has been considered [3, 10] for 

OBS. The total number of output fiber links of the edge node 

is known as C. Each fiber carries P + 1 wavelength. The P 

wavelengths are utilised for transmission of data bursts and 

only one of the wavelength is needed for transmission of BCP 

[3]. At the edge node, generated burst follow a poisson 

process and its lengths are exponentially distributed followed 

by a mean of 1/μ seconds. It is also assumed that data burst 

uniformly distributed among all source destination pairs for 

gaining equal arrival rate at all edge node in OBS network. At 

the source edge node the queuing discipline is maintained. A 

buffer maintains the size L > 1 bursts for all common 

destination edge node. Hence, queuing has in total N buffers. 

At particular time, there may be more than one burst queued 

in a buffer as capacity of buffer is more than one. The FCFS 

first come first service service discipline for bursts in each 

buffer is assumed [2]. At particular instant of time, at a time 

only one burst is allowed to transmit and even if there is free 

wavelength available along the path it cannot be used for 

transmission purpose until the transmission of current burst 

completed. Active state of buffer comes when there is no burst 

pending for transmission otherwise it is in busy only. 

The system can be totally design by buffers because the 

wavelengths as well as bursts in different buffers are 

inseparable. The Li denotes the total number of bursts in buffer 

i, including the one in the process of generation. The complete 

system state X (t) is written as 

                           X (t) = (L1 , L2 …… LN)                                         (1) 

Then the total numbers of bursts in the system is 

L1+L2+…+LN. Hence, the number of system states is then 

(L+1) 
N
 as the capacity of each is L (including the one (state) 

that all buffers are empty). On the contrary, as the value of N 

goes up, the number of (system) states increases 

exponentially. Hence, gaining the exact queuing model 

solution is extremely complex rather difficult. Therefore, in 

this paper for an edge OBS node an approximate queuing 

model consider to approximately represent the flow of system. 

1.  Approximate Model 

This model does not consider the behaviour of each buffer [3]. 

Rather, it treats the system state, X, as the number of bursts in 

the systems, regardless of the detailed distribution of bursts in 

all buffers and wavelengths. In addition, the wavelengths, as 

the system’s server are not included in the system states 

simply because the fact that the bursts being transmitted are 

not distinct with those waiting for transmission. Hence, the 

state space of the approximate model is:  

                 E = [0, 1, 2 ….. I …N L]                                        (2) 

By using, i = L1+L2+…+LN as the state space representation, 

the queuing network of the exact model has been reduced to a 

single queuing system. Hence, the single queuing system is an 

approximate model of the exact model. Further, it is assumed 

that the system is observed at the steady state so that the 

system states are not related to time. The system state X = i 

forms a continuous-time Markov chain with finite states, since 

the arrivals to each buffer are poissonian and all historical 

information is covered in the current system state. To obtain 
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the statistical behaviour of the proposed system, the following 

characteristics of the restricted occupancy Urn Model [11] has 

been used. Let R [n, m, k] be the number of ways of 

distributing n indistinguishable balls among m distinguishable 

urns under the k-restriction, given by: 

      𝑛,𝑚, 𝑘 =   −1𝑗   𝑗𝑚  𝑚
𝑗=0  

𝑛+𝑚−𝑗 𝑘+1 −1

𝑚−1
                (3) 

Let  𝑅 𝑛,𝑚, 𝑘 𝑏𝑡 = 𝑢  be the number of ways of distributing n 

indistinguishable balls among m distinguishable urns so that 

exactly u urns have exactly t balls under the k-restriction, 

given by  

𝑅 𝑛,𝑚, 𝑘 𝑏𝑡 = 𝑢 

=  𝑢𝑚    −1𝑗  

𝑚−𝑛

𝑗=0

 𝑗𝑚−𝑢 𝑅(𝑛 𝑢𝑗 𝑡,𝑚  𝑢 𝑗 , 𝑘                    (4) 

2. State Transition Probabilities 

Consider 𝑇𝑓 𝑖  as the average number of full buffers at state i, 

given as:  

                            𝑇𝑓 𝑖 =  𝑥𝑛
𝑥=1

𝐴(𝑖 ,𝑛 ,𝐵)
(𝑃𝐵=𝑥) 

𝐴 𝑖 ,𝑛 ,𝐵 
                      (5) 

Consider 𝑇𝑏 𝑖  as the average number of full buffers at state 

i, given as:  

                        𝑇𝑏(𝑖) =  𝑥
min (𝑖 ,𝑛)
𝑥=1

𝐴(𝑖 ,𝑛 ,𝐵)
(𝑃𝐵=𝑥) 

𝐴 𝑖 ,𝑛 ,𝐵 
                     (6) 

The steady-state probabilities can be computed from the 

equilibrium equations of the birth–death process 

 

                               𝜋𝑖=𝜋0  
𝜆𝑘

µ𝑘 + 1

𝑖−1

𝑘=0
                                    (7) 

Where 𝜋0 is given by equation (8), 

                                𝜋0 =
1

1+  
𝜆𝑗

µ 𝑗+1
𝑘−1
𝑗=0

𝑛𝐵
𝑘=1

                              (8) 

3. Performance Measures 

1. System Throughput 𝝉: Based on the concept of birth & 

death process the evaluated system throughput is 
  

                𝜏 =  𝜆𝑖  
𝑛𝐵−1
𝑖=0 𝜋𝑖 =  𝜇𝑖  

𝑛𝐵
𝑖=0 𝜋𝑖                        (9) 

 

2. Utilization 𝑼: The channel utilization is the ratio of the 

average number of bursts successfully transmitted to the 

total number of wavelengths, given by 

 

                      𝑈 =
𝜏

𝑤
                                             (10) 

3. Blocking probability: When all the buffers are full than 

system is full. The blocking probability of the system is 

the probability that the buffer requested by the burst is 

full [10]. Let P(B|i ) be the probability that a given buffer 

has B bursts when the system is in state i which is simply 

the probability that a given urn has exactly B balls given 

that i balls are distributed into n urns with at most B balls 

in each urn given by 

                               𝑃 𝐵 𝑖 =
𝐴 𝑖−𝐵,𝑛−1,𝐵 

𝐴 𝑖 ,𝑛 ,𝐵 
                                (11) 

Therefore, the blocking probability of a buffer is given by 

                                        𝑃𝐵 =  𝑃 𝐵 𝑖  𝜋𝑖
𝑛𝐵
𝑖=𝐵                         (12) 

4. The Hybrid Burst Assembly 

    In OBS burst assembly, the algorithm for generation of 

burst is two types namely the timer based and threshold one. 

In timer scheme, burst is created and sent into the optical 

network at periodic time intervals. Hence, the length of the 

burst varies as the load varies. In threshold scheme, there is 

limit on the maximum number of packets contained in each 

burst. Hence, fixed duration of bursts is generated at non-

periodic time intervals. Both of the above method has its own 

limitation as far as ever changing traffic is concern [9, 

10].Only efficient solution is hybrid where both timer and 

threshold scheme are considered. The most known hybrid 

method for burst generation uses variable burst length 

threshold and fixed maximum time limitation. The value of 

burst length thresholds is based on size of burst and it may be 

increased or decreased. In addition, a control signal is 

transmitted during process of burst generation at assembly 

unit of edge node. The generated burst is sent after a delay of 

offset time. This approach improves the performance by 

minimising the burst buffering delay at assembly process than 

with past approaches. In this approach, offset time is part of 

the burst assembly time while buffering time is the addition of 

offset time and  assembly time. Let Ta be the fixed length of 

burst assembly time and To be offset time, where Ta > To. 

Consider To as fixed length delay for each source-destination 

node pair. In this approach, an edge node transmits a control 

signal (Ta - To) posterior to the arrival of the initial packet. 

Burst length estimation is needed when sending a control 

signal. This is because burst length information is necessary 

for intermediate nodes to prepare the optical switches for the 

upcoming bursts. One approach is to estimate maximum burst 

size that can be accumulated for the burst assembly period. 

This scheme is very simple; however, it is not efficient in 

terms of bandwidth utilization. Therefore adequate burst 

length estimation is desired. However, it is difficult to predict 

the upcoming amount of IP packets. Too large estimated 

length makes too large bandwidth reservation and waste of 

network resources. On the other hand, if the estimated length 

is small for the buffered packets, the excess packets have to 

wait for next burst generation and those packets are delayed 

much time at the edge node. The proposed mechanism to 
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estimate adequate burst size based on traffic calculation is as 

follows: reservation bandwidth W is determined by the 

amount of assembled packets during the estimation period is 

 

                                        𝑊 =  𝛼𝑙 
𝑇𝑎

𝑇𝑎  − 𝑇0 

                             (13) 

𝛼 is a where is a bandwidth control parameter and 𝑙  is the 

sum of assembled packets during the estimation period. The 

term  𝑇𝑎  − 𝑇0 refer to the estimate period. If an input IP 

packet cannot be included in the estimated burst size, the 

packet will be inserted in the next generated burst. In this case 

buffering delay for this IP packet is increased. For example, in 

case the bandwidth of output link is 10Gbps, offset-Time is 

10ms and burst assembly time is 15ms, the estimation period 

is 15-10= 5ms.20Mbits of burst data are assembled in that 

5ms period. Then the estimated burst size W is 20*(15/5) = 60 

Mbits in case that 𝛼 is 1. This estimation period can reduce 

the waste of bandwidth if the estimated burst size is adequate. 

 

IV. PROPOSED MODEL & SIMULATION PLATFORM 

 The above queuing model of hybrid burst assembly is more 

suitable for constant rate traffic which results in generation of 

almost same size for burst by maximum length in the hybrid 

scheme. However, the traffic generated by internet is bursty in 

nature that is during busy period with heavy traffic arrival 

followed by long ideal period. In addition, on top of 

burstiness, the traffic is self similar in pattern that is bursty 

nature is remains in all time scale like millisecond, second, 

minute etc. Also, presented model does not directly consider 

the nature of traffic and its effect on the estimation period, 

hence the bandwidth reservation. Considering above mention 

limitation of hybrid burst assembly scheme, a novel approach 

is proposed for modeling the burst assembly which include 

nature of traffic for prediction of estimation period and 

bandwidth allocation in the OBS network.   

We are using the urns model [11] for calculation of 

performance parameter like blocking probability, throughput, 

and utilization as it is presented above with all details in OBS 

network. However, in this paper we are focusing on the burst 

assembly modeling. Hence, we present a proposed scheme 

considering edge node burst generation capacity based on 

LmaxTmin hybrid algorithm. When the packets start arriving 

in empty assembly unit from higher layers, initially it start 

assembling it to reach the maximum size of burst (Lmax). If 

the limit of Lmax is reach, then the burst is generated and 

during the process of burst generation a control packet is send 

for resource reservation for incoming burst in OBS network. 

The timing difference between the actual burst transmission 

and control packet is known as offset time (To). In other word, 

after the offset time burst transmission inside the core OBS 

network start. The maximum length of burst assembly time is 

Ta. The Lmax in practice can be reach if the traffic heavy and 

follow constant rate the before it come to point of minimum 

timer threshold values, the burst is generated.  

 

                                          𝑊1 =  𝛼𝑙 
𝑇𝑎

𝑇𝑎  − 𝑇0 

                      (14) 

However, if the traffic is very low in terms of arrival process 

then the minimum timer option is used for generation of 

maximum size burst. In addition, the offset time is also going 

to different than the constant rate traffic. Hence the estimation 

period changes which results in change of reserved bandwidth 

too.   

 

                                            𝑊2 =  𝛼𝑙 
𝑇𝑎
𝑇𝑎  

                            (15) 

Table I  The important parameter used in the analysis 

1 
W 

Reserved bandwidth in Megabits 

2 α Burst size in Megabits 

3 Ta 
Burst assembly time 

4 To Offset time 

5 L 
constant (bandwidth control parameter) 

 

The assumptions are made in the analysis are as follows:       

 Arrivals of burst assumed to be constant traffic. 

 The core node does not have any buffering or wavelength 

conversion.                                  

 The uniformly distributed traffic in the network. 

 The offset time is part of burst assembly time.      
 

Table II Reserved Bandwidth of Different Size Burst With 

Burst Assembly Time for Proposed Solution 

 

Reserved 

Bandwidth 

Size of burst 20 Mbits  Mbits 

Window Ta To   

W1 = 60 15 10   

W2   = 30 15 10   

Mbits  Size of burst 40 Mbits  

W1 = 100 25 15   

W2   = 66 25 15   

 

 

There are different reactive schemes [5, 6] to resolve the burst 

level contention such as a fiber delay line, wavelength 

conversion, deflection routing and burst segmentation for 

buffer less OBS network. Instead of resolving the contention 

through these techniques in the core OBS network frame 

work, we have proposed an easy way of dealing with it at the 

burst assembly unit of source or ingress node itself. Just to 
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illustrate the proposed solution, we have taken a delay 

problem in OBS network. Instead of using the expensive and 

bulky FDLs inside the network, we can resolve the contention 

issue by controlling length of burst at the burst assembly using 

equation (15) at edge node.  

Above table I, shows different window size referring to 

reserved bandwidth based the size of assembled burst. Based 

on the equation (1) and (2) the reserved bandwidth can be 

calculated for smaller and larger burst with proper choice of 

burst assembly time and offset time. For example if we have 

20 Mbits burst size that the estimation bandwidth is 60 Mbits 

by equation -1 and 30 Mbits by equation-2. Hence the latter 

one satisfies the minimum resource allocation constraint 

window. So, the efficiency of proposed concept is proved over 

current scheme as far reserving the bandwidth for the 

incoming burst in core node of OBS network.   

V. COMPARING ANALYTICAL RESULTS 

 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Outcome of current and proposed model for bandwidth allocation 

 

The comparison has been made for existing and proposed 

model (PM) to verify the OBS performance under the 

constraint of bandwidth reservation as per change in burst 

assembly time. From Fig. 6 it can be seen that PM is 

performing better than current in very lower value of time  

(The points for 10 to 40 percentage of offered load) and PM 

performs extremely better than current scheme(W1)  in higher 

values of burst assembly time (The points for 50 to 80 

percentage of offered load). During process of resource 

reservation in the OBS network, this result indicates that the 

degradation in performance of current scheme is rapid, while 

for PM, it is more gradual. In addition, from Fig. 2, it can be 

clearly understood that PM adaptively allocate the smaller 

values of bandwidth for short burst and higher for larger burst.  

 

VI. CONCLUSION AND FUTUREWORK 

This paper presents unique proposed solution to resolve the 

issue of efficient bandwidth utilization in the core node of 

OBS network in contrast to existing method for bandwidth 

utilization. It has been observed that in the existing model the 

bandwidth is allocated based on round value of estimation 

period without considering the arrival traffic. However, in the 

proposed scheme efficient bandwidth reservation gained by 

means of traffic based value of estimation period in the core 

node. The table – II illustrate optimized resource utilization 

and hence proves the efficiency of the proposed concept. 

Analysis has been performed and the result shows that 

proposed model performs better than exiting model as far the 

best effort bandwidth allocation for the same value of burst 

assembly time. It has been observed that the variable burst 

assembly time mechanism allows better resource allocation in 

the core node of OBS network. Hence, it drastically reduces 

the network resource utilization. 

In terms of bandwidth allocation, the results shows that 

proposed model perform better  under lower and higher values 

of burst assembly time for estimation of reserved bandwidth 

in optical burst switched network.  In future, it is highly 

probable that the proposed model could be a potential solution 

to resource reservation and critical challenges of OBS 

networks.   
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