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ABSTRACT 
BACKGROUND: In this present network revolution, networking by means of optical cable evolves in such a way to satisfy the end 
user needs. Hence research in this field revives day by day to satisfy the present end users with needed Quality of Service. The 
network monitoring should be employed to deploy the Quality of Service (QoS) to ensure that the network attains its fullest 
capability to provide the needed end result. Maintaining the QoS parameters to its threshold level is essential for the monitoring 
system to attain the enhanced performance.  OBJECTIVE: The objective of this article is to concentrates and analyse few important 
parameters, which decide the Quality of Services of the optical network. RESULTS: The Hop Count, Wavelength Assignment, 
Bandwidth, and Throughput are considered to be the parameters of interest that have to be monitored and enhanced the present 
network’s performance. Enhancing these parameters will enhance the others parameters which are required to attain the QoS. 
How these parameters impact on other parameters and the extent to which it can be utilized to meet the performance needs has 
been proposed.  CONCLUSION: These parameters are analyzed in depth in this article and how these parameters are utilized in 
various research works has been deployed throughout. 
 
KEYWORDS: Hop Count, Wavelength Assignment, Bandwidth and Throughput  

 

INTRODUCTION 

 

There is a limitation in the Bandwidth allocation till 1980s due to the usage of electrical transmission. The 

use of optical fiber and optical technologies in the network instead of copper cable immensely increases the 

transmission speed by terabits per seconds, since light is used by the optical fiber to transmit the data. At the 

same time, the Bandwidth limitation by the copper is also eliminated by the optical network. In the last few 

years, due to the grown interest in the field of optical technologies such as switches and routers, advancement in 

the field of IP networks as well as optical communication takes place. Due to the rapid explosion in the end 

user, WDM technologies provide the proper platform to transmit high speed multiple data over the single 

channel [1] [21]. After the introduction of the WDM networks, Optical Burst Switching (OBS) networks, 

Optical Packet Switching (OPS) and Optical Circuit Switching (OCS) were predominantly used in the optical 

domain to transmit the data. Since optical packet switching and optical burst switching can travel freewill 

without static path, Optical packet switching and optical burst switching were highly explored to improve the 

optical network performance [1]. Due to the exponential growth in the network traffic, there is a need to provide 

guaranteed QoS in the multifaceted environment. Though various new technologies have been introduced and 

established in the optical domain, it is mandatory that the network’s Quality of Services should be maintained 

above the threshold value [27]. Quality of Service refers to the overall performance of the network from the user 
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perspective. The Quality of Service can be monitored and maintained by various parameters such as Loss, 

Delay, and Bandwidth etc.  Since today’s traffic is dynamic and diverse, these QoS parameters have to be 

improved to stabilize the network performance and if it is not monitored, the network performance will be 

unpredicted and hence the network performance will not be maintained to be optimized. 

The QoS parameters have been analysed and out of which Hop Count, Wavelength Assignment, Bandwidth 

and Throughput are the prime essential parameters to be considered in view of the fact that these parameters will 

impact on the various other parameters and changes the behaviour of the network. More significantly these 

parameters are interlinked with one another, which mean the characteristic change of one parameter will change 

the behaviour of the other, thereby will change the overall system performance. 

 

2. Hop Count: 

Hop Count refers to the total number of Intermediate devices through which the data travels from source to 

destination.  With respect to the virtual topology, it refers to total number of virtual path found on the route of 

the virtual path length (or) total number of edges in the respective (or) data driver path on the virtual graph .In 

the case of designing the network architecture, it is important that there should be a minimal Hop Count for the 

data to travel from source to destination.  Minimizing the total Hop Count will minimize the total intermediate 

node, so that the data will move with least disturbance from source to destination and with minimal distance [5] 

[6].   

Hop Count will be considered as a minimization objective function (or) constraint in designing the network. 

We can obtain minimal Total Hop Count parameter (Htot (G, R)) as summation of path exist between source and 

destination which is proposed in [2]  

Htot (G, R) = ( , )i jGd v v   

Where, 

Gd =distance, vi=source node and vj=destination node. 
 

Though most of the work related to Hop Count as minimization of the distance from the source node to 

destination, when the data traverse it will be expected to face traffic. It is also consider in the formulation of 

Hop Count as 
 

Htot (G, R) = ( , )i jGd v v  Rij,  

Where, Rij=traffic from source node to destination node.  

It is seen that the Hop Count as summation of light tree connecting from source to destination. 

Instead of keeping it as minimization function, Hop Count can be considered as a maximization function by 

the parameter desirability, which considers inversely the length of the shortest path from node n [3].   

1

( )
nj

F x
  , ( )f x = length of shortest path from node n.  

Hop Count is also considered with traffic bound parameter in [4]. Since the route with least traffic and 

distance will provide maximum Throughput, the parameter Average Weighted Hop Count is given by  

AWHT=

sd

ij sd

sd

T H

T

 


 

Where, 

 T = traffic between source and destination  

 H = Hop Count value.  

It is seen that in most of the work, Hop Count is consider to be the parameter for selecting minimum 

distance metrics and few consider Hop Count with traffic for selecting the path to attain maximum efficient 

value of data transmission. When the Hop Count increases linearly over distance, the Average load or traffic 

will increases linearly. The variation of average hyper edge load with respect to Hop Count will increase with 

respect to increase in Hop Count is given below[22] 

 
Table I: The Variation Of Average Hyper Edge Load For Different Values Of Hop Count 

Average Logical Hop Count Average Load processed per node 

1.18 0.18 

1.5 0.5 

1.87 0.87 

2.11 1.11 

2.74 1.74 

3.04 2.04 

3.68 2.68 

3.86 2.86 
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Dropping probability is also an important criterion which affects the performance of the network. The 

Dropping probability increases with respect to increase in the value of the Hop Count. The Dropping Probability 

of Just in Time (JIT), Balanced Just in Time (BJIT) and prioritized random early discard (PRED) on US Long 

Haul with different loads variation (W=64) increases with respect to Hop Count is given below [23].  

 
Table II: Dropping Probability Of Just In Time (Jit), Balanced Just In Time (Bjit) And Prioritized Random Early Discard (Pred) On Us 

Long Haul With Different Loads Variation (W=64) 

Hop Dropping Probability 

 Arriving Rate JIT BJIT PRED 

1 6 0.025 0.026 0.052 

3 6 0.035 0.045 0.056 

5 6 0.070 0.072 0.068 

8 6 0.080 0.072 0.075 

 

3. Wavelength Assignment: 

Wavelength Division Multiplexing plays a vital role in building the next generation optical networks.  

WDM technique allows several wavelengths to be shared and transmitted over the optical fibre.  Assigning the 

wavelength from source to destination node to transmit the signal will be a challenging task.  Due to the 

dynamic nature of the network, the same wavelength cannot be expected to be assigned from source to 

destination and hence wavelength continuity constraint cannot be satisfied. So several wavelength converters 

along with Wavelength Assignment techniques are required to meet the dynamic needs [12]. 

For the wavelength assignment, three commonly used algorithms are First Fit (FF), Least Used (LU) and 

Most Used (MU). First Fit algorithm number all the available wavelength, so that when the demand occurs, the 

algorithm assigns the smaller wavelength number to the network. Least Used method assigns the least used 

wavelength in order to balance the load. Most Used algorithm assigns most used wavelength in the network. The 

blocking probability and throughput of first fit shows better performance for single fiber and 4 wavelengths, 

when compared to other algorithms [24].  

 
Table III: Variation Of Throughput (Ff, Lu And Mu) For Different Link Count  

No. of links in the network Throughput(MBPS) 

FF LU MU 

0 2 2 2 

2 1.6 1.3 1.4 

3 1.5 1.3 1.3 

4 1.4 1.25 1.3 

5 1.4 1 1.2 

6 1.3 0.9 1.2 

 

The various heuristic algorithms have been proposed for assigning the wavelength in the optical networks 

for the wavelength continuous routing [7].The commonly used two Greedy algorithms are expected to produce 

efficient output based on the wavelength mesh graph,  One is based on the shortest path named as shortest path 

preference in which the wavelengths are assigned with respect to the shortest path first and other algorithm is 

based on fixed predetermined sequence in which Wavelength Assignment will follow the predefined order.  

Similarly, with respect to Non wavelength continuous network, two algorithms are proposed, one is Exhaustic 

algorithm which uses the shortest path and any available wavelength in the path to assign the wavelength and 

other algorithm is least loaded algorithm which considers the current traffic followed by the shortest path to 

assign the wavelength. 

For the wavelength continuity network, first fit preference shows superior performance with respect to 

blocking probability. For the wavelength non-continuity network, least loaded algorithm shows the superior 

result.  Whereas, for considering both the cases, greedy shortest path preference shows the superior result. The 

various wavelength reassignment algorithms were proposed in which the reassignment scheme is followed to 

accommodate the blocked call [9].  Least congested overlapped reallocates the overall link from least congested 

wavelength (LC-NLC) to next least congested wavelength using first fit  performs well with respect to blocking 

probability then LC-NLC-shortest path and Random reassignment scheme. Least congested path will be 

determined based on link utilization metric (U) which is given by  

Label (L) =      

* *k l

Time slot in use

l f k
    

Where, 

 l =number of links=number of time slot per λ and k=number of λ per link. 

The Best-fit Wavelength Assignment algorithm allocates adequate wavelength to the primary path by 

means of minimal cost function[10].The generic objective function is also considered to allocate the 
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wavelength[8].The generic objective function consider the label value to allocates the wavelength ,which is 

given by 

L= 1

1

( )

n

x

i

n

x

i

W
i

W l
i













, 

 

Where, 

xW = weight attribute for λ 

 l= link connecting between 2 nodes  

n = nodes. 

The hop length can also be related to the Weight Factor such that  

Weight Factor=
p

p P

f

w f L
, 

 Where, 

 fp= no. of free path 

 w = wavelength  

 Lp = hop length. 

 Hence it is concluded that most of the articles use first fit, random select, shortest path and least congested 

criteria in selecting the path and few articles focus on the weight factor (or) objective function in assigning the 

wavelength.  It is also noted that the weight function focuses on the least congestion and the Hop Count as well. 

 

4. Bandwidth: 

Bandwidth estimation and Bandwidth allocation is the imperative component to provide Quality of Services 

in the optical network.  The allocation of Bandwidth will indirectly improve the system performance by 

improves its Throughput and reduces congestion and delay. Normally, Bandwidth allocation will be based on 

static as well as dynamic scheme. It is proposed that too much of Bandwidth is wasted with respect to static 

Bandwidth Allocation, whereas Dynamic Bandwidth Allocation (DBA) allocates Bandwidth based on 

requirement [11][15].  

In the flexible Bandwidth optical network, Bandwidth Blocking Probability should be reduced to achieve 

high utilization of bandwidth. Various algorithms have been proposed for spectrum allocation and collusion 

reduction. Fixed Shortest Path with Collusion Aware (FSP-CA) routing algorithm, Fixed Shortest Path with 

First Fit (FSP-FF), Most Common Available Patterns with Hop Constraint and Collusion Aware routing 

algorithm (HC-MCAP-CA), Most Common Available Patterns with Hop Constraint and First Fit algorithms 

(HC-MCAP- FF) will be commonly employed to transmit data.HC-MCAP-CA achieves better performance 

with in both light load and highly dynamic traffic by efficient load balancing and collusion avoidance [25] 

 
Table IV: Arrival Rate Vs Bandwidth Blocking Probability For Fsp-Ca, Hc-Mcap-Ff, Hc-Mcap-Ca And Fsp-Ff 

Arrival Rate                                              Bandwidth Blocking Probability  

 FSP-CA HC-MCAP- FF HC-MCAP-CA FSP-FF 

0.1 1E- 5 1E- 4.8 1E- 5 1E- 4.8 

1 1E- 4.5 1E- 3.9 1E- 4.5 1E- 3.9 

10 1E- 3.7 1E- 2.9 1E- 3.8 1E-2.8 

50 1E- 2.9 1E- 1.9 1E- 2.9 1E-1.8 

100 1E- 1.9 1E- 0.9 1E- 2 1E-0.8 

 

In the existing passive optical network, which influences the existing successful access network, Bandwidth 

allocation will be a challenging task.  N.Moradpoor et al. analysed the various access network and concluded 

that expedited forwarding along with DBA performs well with respect to average queuing delay compared with 

other schemes. It is known that the granted Bandwidth as the summation of Minimum Bandwidth and Excess 

Bandwidth [11].  

Where Minimum bandwidth is given by 

Bmin (i) =
( )

,
8

Tcycle N Tguard Ri    
1i   

Where, 

 Tcycle is Maximum transmission cycle 

T guard is the guard time between two consecutive time slots 

 N = number of Optical Network Unit 
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 R= transmission Rate (Mb/s).  

In order to improve the Bandwidth utilization under low and medium traffic load, probability density 

function (PDF) of the nth ONU is calculated such that granted Bandwidth is equal to required Bandwidth and 

PDF (n) is greater than the Threshold.  

Hence 

PDF (n)t-1 = 
 

1(

   1

)tgranted BW n

total Bandwidth allocati nino t




 

The various algorithms were analysed to improve Throughput in the Bandwidth variable optical grooming 

network.  Routing and Wavelength and Time Assignment Integer Linear Programming (RWTA ILP) improves 

the Bandwidth as well as Throughput when compare to the heuristic algorithm and also in that instead of fixed 

length slot, variable length slot scheme (time assignment) were employed to improve the connection 

blocking[13]. Bandwidth Requirement in the BVOG network will be based on Bandwidth Requirement which is 

given by  

Bandwidth Requirement =
lengthframetime

CapacitylengthBurst 

. 

Bandwidth utilization can be improved by increasing the burst speed time and decreasing the reservation 

time or reservation cost [14], which is given by 

Bandwidth Utilization=Tburst/Treservation. 

Where, 

Tburst=Burst time 

Treservation=Reservation time. 

 

5. Throughput: 

In the optical network, the most important parameter which is required for the enhanced performance of the 

network is the maximization of Throughput.  Throughput can be maximized by many ways and also maximizing 

& minimizing various parameters will have impact on the Throughput. 

The Throughput is highly sensitive to loss level; hence reduction in the loss (or) delay will increase (or) 

improve the Throughput [16]. The Throughput can be maximized by increasing the longer time slot in the 

transmission of packet which in turn will reduce the time slot number and latency.  To succeed the above, the 

burst length and offset should be scheduled properly to increase the Throughput [17]. The Throughput increases 

with respect to random arriving traffic tolerance that can be obtained by reducing the congestion, efficient 

Bandwidth utilization and allocation [18]. 

In the Switching methodology, The optical packet switching with stop-and-wait(OPS-SAW)  for the 5G 

network provide  better reliable packet delivery than the electronic packet switching with stop-and-wait(EPS-

SAW). It is likely the fact that the Optical Packet Switching stop-and-wait Throughput increases though the 

network load grows whereas, the Electronic packet Switching shows a degradation in the throughput when the 

network grows[26]. 

 
Table V: Throughput Vs Maximum Transmission Unit (Bytes) For Ops And Eps 

Maximum Transmission Unit(Bytes) Throughput(MB/S) 

Optical packet switching   Electronic packet switching 

2000 225 150 

4000 240 150 

5200 250 150 

6000 250 140 

8000 250 100 

9000 250 90 

 

In the Ring architecture, it is observed that the maximizing Ring Rate that is the rate at which the data is 

sent on each span will maximize the Throughput [19]. It is given that Throughput will be high if the ring rate is 

double (2R) in ULSR (unidirectional line switched ring) and also 8R (n-1)/n+2 for non split 4 fibre BLSR 

(Bidirectional Line switched ring), where n=node of then network. 

Stability is also considered as the Throughput performance metric [20], such that in the stable queue system 

   
( ) ( ) ( )

0n n
n A n U nijij ijLt Lt

n n

 
     

Where, 
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Uij – Cumulative service applied to virtual output queue 

 Aij (h) = arrival number  

Xij (n) = number of packet enqueued in virtual output queue  

 n=time.  

Throughput is correlated with packet loss probability [16], such that Throughput is given by 

0

1/ 1/1

1/
x

i

p p

ip






 




  

Where, 

 p = Packet loss probability 

1/p = average length of successful trains 

 1/1-p = average length of lost trains and α = (o11). 

  It is also concluded that the increase in burst size will increase the Throughput. 

 

6. Comparative Analysis Of All Factors: 

 

As mentioned earlier, the prime parameters are dependant and interlinked with other parameters. A change 

in one parameter will cause the change in the other parameters. Hence, it is mandatory to compare their 

characteristics to understand their dependency. Hop Count as the parameter will be wholly depending upon the 

limitation of the hops from source to destination which means the limitation in the distance [2]. Hence it is the 

fact that, the reduction in the number of hops will reluctantly improve the propagation time and minimize the 

wavelength used. Since the least number of hops will encourage the path to maintain least wavelength, will 

indeed reduce the traffic in the particular path [4] and so, reduction in the traffic will pay a way to use the 

Bandwidth effectively and consequently the Throughput will be maximized. 

Wavelength Assignment as a parameter will consider various constraints in assigning the wavelength for 

the particular path. Many Wavelength Assignment algorithms have been proposed which use the shortest path as 

the factor to assign the wavelength since selecting the wavelength in the shortest path will reduce the traffic and 

delay in transmission of data [7]. Wavelength Assignment in few uses weight function which depends on the 

number of link and free wavelength in the link. Few wavelength algorithms have been proposed to assign the 

wavelength based on the least congestion. Least congestion in the path will increase the usage of Bandwidth 

effectively in the path and thereby increases the Throughput. 

Bandwidth the next parameter of interest encourages the allocation based on the dynamic scheme to avoid 

the wastage of Bandwidth [13]. Bandwidth is allocated properly based on the improvement in the burst length. 

Hence, increased burst length will minimize the guard time. Thereby latency can be reduced by increasing the 

burst length and decreasing the guard time. At the same time, the value should be maintained properly to 

maintain the void between the time slots and the blocking probability. Bandwidth is also a parameter which 

directly linked with increasing in the data rate. Hence, data rate should be maintained high to use the Bandwidth 

efficiently [11]. Hence, efficient Bandwidth utilization will increase the Throughput and it will reduce the 

latency as well as blocking probability. 

Throughput improvisation concentrates on reducing the delay and loss. As already addressed that 

Throughput can be maximised by increasing the longer time slot with reduced guard rate. It is also imperative 

that the maximization of the Throughput is possible by maintaining proper burst length and offset [17]. 

Reducing the congestion will effectively increase the Bandwidth and also dropping the congestion rate depends 

on all the prime factors discussed earlier in the article. Data rate has to be improved to increase the Bandwidth, 

but stability should be maintained properly to balance the Throughput and loss probability. It is seen that each 

parameters will depend on all the other parameter of interest, it is indubitably parameters improvisation is 

possible only by the aggregate effect of all the other parameters. That can be obtained by means of multi 

objective function in the designing of the protocol. 

 

Conclusion: 

In building the future optical network, emphasis will be on architectural as well as layered level to satisfy 

the high Bandwidth demand. At the same time, when building the network with appropriate component, least 

non-linearity and dispersion should be needed. Hence, building the terabit optical network will be a challenging 

task. In order to provide better Quality of Service to the end user in optical network, this article addresses 

various performance factors by analyzing appropriate QoS parameters such as Hop Count, Wavelength 

Assignment, Bandwidth and Throughput. From the earlier analysis, we can understand that Hop Count, 

Wavelength Assignment, Bandwidth and Throughput are the prime factor in designing the network. As all the 

parameters of interest is concentrated in enhancing the lively performance through some extent, It is seen that 

Hop Count, Wavelength Assignment, Bandwidth and Throughput is concerted together successfully to receive 
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the packet with least delay and zero tolerance to congestion. Hence, we can conclude that improvisation in the 

multi objective parameters will concatenate on improvisation in performance of a network through successful 

transmission and reception of data.  

There is a wide opening of innovation in the optical network with respect to both architectural and layered 

level, indepth tuning and analyses can be made in the field of optical domain. So far the QoS parameter 

interdependency and improvisation in these parameters has been explored, it is to be emphasized and has to be 

analysed that how these QoS parameters can be used to balance and get along the dynamic drastically changing 

real time network environment.  
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