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Abstract 
With the increasing requirements of the multicast services in the whole data 
traffic service, the optical multicast technology becomes a key technology 
supporting wide bandwidth and high speed multicasting communication. 
The transmission efficiency, capacity and robustness of optical multicast 
network can be further improved by introducing network coding technology 
into optical multicast networks. Meanwhile, facing to demand of emerging 
rate-variable multi-granularity multicast service, a multi-path transmission 
scheme based on network coding for routing and spectrum allocation (RSA) 
is proposed. It can not only allocate spectrum resources effectively and flexi-
bly for various-rate multicast traffic, but also balance the network load, im-
prove network throughput and reduce transmission blocking rate. In this pa-
per, RSA problem is decomposed into two subproblems, namely routing al-
location based on network coding and spectrum allocation based on maxi-
mum spectrum first (MSF) strategy, which are solved sequentially. Simulation 
experiments are carried out to analyze transmission performance with pro-
posed RSA scheme. The simulation results show that the proposed RSA 
mechanism can allocate spectrum resources efficiently and flexibly for mul-
ti-granularity multicast traffic. Compared with RSA schemes based on short-
est path tree (SPT) and minimal spanning tree (MST), the proposed RSA 
scheme is more efficient for spectrum resource utilization and load balancing, 
and spectrum resource is saved more than 20%. 
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1. Introduction 

With the rapid development of broadband network, the rate of backbone net-
work communication has been into T bit/s recently [1]. At the same time, sup-
port IPTV, remote education, video conference, etc. The multicast communica-
tion services, such as IPTV, remote education, and video conference, are ex-
pected to meet the high quality and diverse demand of more and more users. 
Therefore, multicast service networks are facing the challenges on the network 
bandwidth and efficient resource allocation for multi-granularity multicast ser-
vices. 

The optical multicast technology overcomes the limitations on transmission 
rate caused by optical-electric-optical convention, so it becomes a key technolo-
gy supporting wide bandwidth and high speed multicasting communication. 
And the transmission efficiency, capacity and robustness of optical multicast 
network can be further improved by introducing network coding technology [2] 
into optical multicast network, so network coding technology is also considered 
as an effective solution for the high-bandwidth multicast [3]. Meanwhile, the 
current multicast traffic is of various types and has diverse bitrates, so how to 
allocate the routing and spectrum resource efficiently and flexibly for mul-
ti-granularity multicast traffic is an urgent problem for multicast services. 
OFDM technology achieves fine-granularity capacity to satisfy the diverse traffic 
demands by elastically accommodating multiple subcarriers [4], which improve 
the efficiency of spectrum allocation comparing with wavelength-division mul-
tiplexing (WDM) technology of rigid fixed-grid and coarse bandwidth allocation 
[5]. In order to achieve high-speed and high-efficiency multicast traffic trans-
mission, this paper mainly focuses on the research on elastic resource allocation 
scheme based on network coding technology and orthogonal frequency division 
multiplexing (OFDM) technology in optical network. 

Facing to rate-variable traffic requests, elastic optical network employ flexible 
routing and spectrum allocation algorithms to improve resource utilization effi-
ciency [6]. Multicast requests adopting single path transmission are served by 
selecting the adaptive modulation level according to transmission distance, and a 
lower capacity blocking probability is achieved [7] [8]. Multipath routing and 
spectrum allocation scheme is help for improving blocking performance and 
fairness [9] [10], but it is mainly researched on unicast service. Meanwhile, 
routing resource is reserved dynamically according to proposed load balancing 
routing strategy [11] [12], and the bandwidth blocking probability will be de-
creased. However, the existing researches have not solved the multipath routing 
problem for multicast traffic transmitting, and the performance of multicast 
traffic transmitting needs to be improved further. 

Hence, in this paper, a novel elastic resource allocation scheme for mul-
ti-granularity multicast traffic is proposed. A multi-path transmission scheme 
based on network coding for routing allocation relieves the pressure of single 
link throughput efficiently, and the distributed bandwidth allocation is beneficial 
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to balance the network load and avoid network congestion. Meanwhile, network 
coding technology supports the two traffic flows sharing the same transmitting 
links and spectrum resource, so the spectrum utilization is improved. The max-
imum spectrum first (MSF) strategy is adopted for spectrum allocation, which 
gives priority to the high bandwidth multicast traffic, and it is helpful for de-
creasing network blocking probability. 

This paper is organized as follows: the elastic spectrum allocation scheme and 
multi-path multicast routing scheme based on network coding scheme are illu-
strated in Section 2. Section 3 shows the integer linear programming (ILP) for-
mulation and heuristic algorithm based on GA for solving routing and spectrum 
allocation. Section 4 presents the simulations on proposed scheme, and relevant 
spectrum resource utilization efficiency and load balancing performance on 
multi-granularity multicast traffic are analyzed and discussed. Finally, our con-
clusion is summarized in Section 5. 

2. Scheme Design and Operation Principle 
2.1. Elastic Spectrum Resource Allocation Based on OFDM 

Traditional WDM network assigns a fixed spectral grid (50 GHz or 100 GHz) for 
each traffic demand. When the multicast traffic is lower than the entire wave-
length capacity, it results in inefficient resource utilization because of the rigid 
fixed-grid and coarse bandwidth allocation. However, elastic optical networks 
based on optical OFDM technology adopt flexible bandwidth allocation to 
match multi-granularity traffic by elastically accommodating multiple subcar-
riers [13], and the spectrum gird is set 12.5 GHz or 6.25 GHz. Lower spectrum 
gird is easier to provide fine-granularity capacity to satisfy the traffic demands, 
and the bandwidth utilization is improved. Therefore, optical OFDM technology 
has been regarded as a promising optical transmission technology because of its 
high-speed transmission, high spectral efficiency and flexible spectrum allocation. 

Optical OFDM technology can satisfy multi-granularity traffic demand by 
adjusting the number of OFDM multiplexing subcarrier. Figure 1 illustrates the 
routing and spectrum resource allocation scheme for three parallel multi-granu- 
larity traffic demands. 

The routing allocation scheme for three multicast traffic streams is shown in 
Figure 1(a). In order to avoid the collision among traffic streams transmission, 
the relevant spectrum allocation scheme is shown in Figure 1(b). According to 
the various multicast traffic, enough spectrum resource is offered by allocating 
different number of subcarriers. For instance, traffic a from node 1 is transmit-
ted to node 4 via node 2, lightpath 1→2 and 2→4 reserve the same spectrum for 
it. Traffic a and traffic b occupy the same lightpath, so the collision is avoided by 
allocating different spectrum resource. 

2.2. Multicast Routing Scheme Based on Network Coding 

Network coding technique changed the traditional multicast scheme for setting 
up multicast tree. Traditional multicast tree set a single path between the source  

https://doi.org/10.4236/opj.2018.811028


L. J. Li et al. 
 

 

DOI: 10.4236/opj.2018.811028 326 Optics and Photonics Journal 
 

 
Figure 1. Resource allocation scheme for multi-granularity multicast traffic. (a) Routing 
allocation scheme; (b) Spectrum allocation scheme. 

 
node and destination node, while multicast tree scheme based on network cod-
ing technology will build at least two paths between the source node and desti-
nation node. The data will be transmit to the destination node via two different 
path. As shown in Figure 2, there are comparison and analysis the difference 
between traditional multicast tree and network coding multicast tree. 

In Figure 2, s is the source node, a, b, c and e are the intermediate nodes, and 
d1 and d2 are the destination nodes. Supposing two multicast traffic data packet 
m and n are broadcast to destination nodes d1 and d2 from source node s re-
spectively. As shown in Figure 2(a), data packets m and n are broadcasted by 
the path s - a - d1 and s - b - d2 separately in traditional multicast tree, and each 
path is occupied twice. Meanwhile, data packets m and n are sent in parallel via 
different paths in the network coding multicast tree, as shown in Figure 2(b). 
When two data packets meet at node c, they will be encoded by linear logic bit-
wise exclusive OR (XOR) operation. Then the encoded data packet m ⨁ n is 
transmitted to the destination node d1 and d2 respectively. The original packets 
m and n can be recovered by decoding operation at destination node d1 and d2. 
For example, the data packets m and m ⨁ n are received respectively at destina-
tion node d1, and data packet n can be recovered by XOR decoding operation m 
⨁ (m ⨁ n). Although multicast tree based on network coding takes the more 
paths than the traditional multicast tree for multicast traffic, each path is occu-
pied by only once. Multicast scheme based on network coding can distribute the 
multicast traffic over more routing paths, so as to increase the network 
throughput and balance the network load, and the advantages will be more sig-
nificant in the large-scale networks. 

2.3. Multi-Path Transmission Scheme 

Previous researches mainly focus on allocating single path for each traffic. 
However, if multicast traffic is beyond the bandwidth of path, it will increase the 
blocking probability. Meanwhile, single transmitting method is likely to result in 
network load imbalance. Multi-path transmission scheme contributes to im-
prove the network throughput and resource utilization efficiency [14]. 

Based on the hardware structure of encoding node supporting mul-
ti-granularity multicast traffic transmission in optical network [15], this paper  
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Figure 2. The diagrams of multicast tree. (a) Traditional multicast tree; (b) 
Multicast tree based on network coding. 

 
proposed a NC-based multi-path transmission RSA scheme. The different 
transmission rate of multicast service is unable to match the network coding op-
eration, so the NC-based multi-path routing allocation operates every multicast 
traffic separately. As shown in Figure 2(b), the multicast traffic flow is divided 
into two parts of the same size m and n at the source node s, and both traffic 
flows are assigned different multicast path transmitting to the destination node. 
There is no collision among paths for m and n, and traffic m and n are com-
bined to one traffic at encoding node c. Thus, the same spectrum can be allo-
cated for both m and n. Comparing with single path transmission, multi-path 
transmission distributes the bandwidth of multicast traffic into two parts, and 
the spectrum resource occupying on each path reduces by half, and it is benefi-
cial to reduce blocking probability on each links. 

3. Model Programming and Heuristic Algorithm for RSA 
3.1. ILP Formulation 

In this paper, we formulate integer liner programming (ILP) model. In order to 
reduce the computation complexity, we allocate the resource separately for every 
multicast traffic request. 

Notations: 
( ),G V E= : the physical topology, where V is the node set, E is the link set. 
( ), ,i i i iM s D FS= : the multicast requests set, where Si is the source node of Mi, 

Di is the destination node set of Mi, and FSi is the bandwidth of Mi. 
dij: the jth destination node in Di, ij id D∈ , 1,2, , ij D= � . 
Ce: the capacity of fiber links, e E∈ . 

,s dR : the path from the source node to the destination node. 
Variables: 

rλ : Boolean variable that equals 1 if path r( r R∈ ) is allocated for Mi, and 0 
otherwise. 
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i
eω : Boolean variable that equals 1 ifmulticast request Mi occupies the spec-

trum resource on link e, and 0 otherwise. 

eπ : the times of multicast traffic occupies link e. 
GFS : the number of frequency slots for guard spectrum, GFS is equal to the 

space of subcarrier 
ξ : the number of frequency slots for multicast traffic spectrum. 
Objective: 

Minimize ξ                            (1) 

In this paper, optimization goal is minimizing the total number of all the mul-
ticast traffic requests. 

Constraints: 
1) Multicast tree constraints: 

2r
r R

λ
∈

=∑ , ij id D∀ ∈                       (2) 

Equation (2) constrains that the multicast traffic is divided into two paths for 
transmitting from si  to ijd , and 

1eπ ≤                              (3) 

Equation (3) constrains that every link is only occupied once for each multi-
cast traffic. 

2) Spectrum allocation constraints: 

i eFS C≤                            (4) 

Equation (4) constrains that the spectrum resource allocated for multicast 
traffic is less than the capacity of fiber link. If cannot be satisfied, the traffic will 
be blocking. 

1i
eω ≤                              (5) 

Equation (5) constrains that the same frequency slot only can be allocated for 
one traffic. 

3.2. Heuristic Algorithm for RSA 

The proposed RSA algorithm is illustrated as follow, and the relevant flow dia-
gram is shown in Figure 3. 
 
Algorithm: RSA based on network coding with maximum spectrum first (NC-MSF) 

1: collect link status of G(V,E); 

2: get parameters of multicast traffic request ( ), ,i i i iM s D FS= ; 

3: sort the multicast traffic request based on maximum spectrum first; 

4: for all the multicast traffic request in the sorted order do 

5: 1i i= + ; 

6: while the network is operational do; 

7: restore network resources used by expired requests; 

https://doi.org/10.4236/opj.2018.811028


L. J. Li et al. 
 

 

DOI: 10.4236/opj.2018.811028 329 Optics and Photonics Journal 
 

Continued 

8: calculate feasible multicast path based network coding for Mi; 

9: allocate capacity FSi for traffic request Mi; 

10: if i e
i

FS C≤∑  then 

11: return to 4 ; 

12: else i eFS C>∑  

13: mark the request as blocked; 

14: end while 

15: end for 

 

 
Figure 3. The flow diagram on proposed RSA algorithm. 

 
When multicast tree based on network coding is established for one multicast 

traffic, it prefer to choose spare path for multicast routing, so as to balance the 
network load. If there is no spare path for multicast routing, the other available 
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frequency slots is allocated for new multicast traffic on the same path. 
In this paper, genetic algorithm (GA) is used for planning the multicast 

routing based on network coding. The multicast routing from a single source 
node to multi-destination nodes is optimized by GA, whose objective is mini-
mizing the cost of encoding. As a result, the proposed optimized multicast tree is 
of minimum number of encoding node and encoding sides. The individuals 
population are denoted as binary symbol, and each bit is generated randomly 
from the set of [0,1]. The each bit of individuals is denoted a link for encoding 
node, and the each chromosome of populations is denoted a network topology. 
The fitness of chromosome Ri is set: 

( ) coding  is feasible solution
0  is not feasible solution

i
i

i

L L R
F R

R
−

= 


            (6) 

where L is the number of links in network topology, and Lcoding is the number of 
encoding sides. In proposed scheme, individuals of higher fitness have a larger 
probability to survive. Thus, when Ri is feasible solution, if Lcoding is smaller, the 
fitness is higher, and the corresponding individual has larger probability to sur-
vive in next generation. The tournament selection is adopted for selection opera-
tion, and the lowest fitness individual is replaced by the highest fitness individu-
al in each generation, so that the highest fitness individuals is easier be chosen. 
Meanwhile, the crossover is single-point operation and the mutation is mul-
ti-point operation. 

4. Simulation Analyzing and Results Discussion 
4.1. Simulation Analyzing 

In this section, we compare the performance of proposed NC-MSF RSA scheme 
with RSA based on Shortest Path Tree (SPT) and Minimal Spanning Tree 
(MST). The multicast tree based on SPT has the shortest path from source node 
to multi-destination nodes, and multicast traffic will go through the least num-
ber of nodes. The multicast tree based on MST contains the source node and all 
the destination nodes, its topology has the least sum of all the path. The trans-
mission performance of three RSA schemes is evaluated using topology 1 and 
topology 2, as shown in Figure 4 and Figure 5. Table 1 illustrates the relevant 
simulation parameters. 

In simulation, C band is deployed for elastic spectrum allocation, and flexible 
grid spectrum scheme based on OFDM is set 12.5 GHz to be the bandwidth of 
each frequency slot, so each fiber link can accommodate 358 frequency slots for 
multicast traffic requests. In simulation scenario, multi-granularity multicast 
traffic requests of diverse rate 10, 20, 40, 50, 80, 100 Gbit/s are chosen randomly, 
and the spectrum utilization is analyzed when the number of multicast traffic 
requests are set 3, 5, 10, 15, 20 respectively. 

Topology 1 for simulation experiment has 25 nodes and 36 links, and topolo-
gy 2 has 20 nodes and 35 links. In topology 1, the set of source nodes is {1, 2, 3, 
4, 5, 6, 7}, and the set of destination nodes is {22, 23, 24, 25}. In topology 2, the  
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Figure 4. Topology 1 for simulation experiment. 

 

 
Figure 5. Topology 2 for simulation experiment. 

 
set of source nodes is {1, 2, 3, 4, 5, 6}, and the set of destination nodes is {14, 17, 
18, 19, 20}. According to the number of multicast traffic requests, the nodes are 
chosen from the set of nodes separately, and the number of destination nodes is 
set as 2, 3, 4 and 5 in sequence. All the links is set normalization for simple. 

In this paper, the NC-MSF algorithm employs the genetic algorithm based on 
network coding for multicast routing. The number of population is set 30, the 
crossover probability is set 0.8, and the mutation probability is set 0.1. When the 
maximum number of iterative reached 100, the algorithm is terminated, and 
corresponding multicast routing is established. Then, the utilization of spectrum  
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Table 1. Simulation parameters. 

The number of the frequency slots on each link 358 

The bandwidth of each frequency slot 12.5 GHz 

The capacity of each frequency slot 12.5 Gbit/s 

The number of multicast traffic requests 3, 5, 10, 15, 20 

The number of destination nodes 2, 3, 4, 5 

The rate of multicast traffic 10, 20, 40, 50, 80, 100 Gbit/s 

 
resource is calculated for multicast traffic requests. In each simulation scenario, 
according to the bandwidth of multicast traffic requests and the number of mul-
ticast traffic requests, average maximum frequency slots occupied on topology 
links is calculated by simulating 10 times respectively. Afterwards, the utilization 
of routing and spectrum resource and the performance of network load balance 
are discussed. 

4.2. Results Discussion 

Figure 6 and Figure 7 show the maximum average usage of frequency slots on 
each links versus request sizes for flexible-bitrate multicast traffic in topology 1 
and topology 2. Comparing with SPT and MST, proposed multi-path NC-MSF 
scheme will occupy less frequency slots on each link. Multi-path strategy dis-
persed the usage of frequency slots on the links, and it is efficient for avoiding 
link congestion. Meanwhile, on the basis of multi-path based on network, two 
multicast traffic flows can be combined by encoding operation, and they are 
transmitted on sharing links, without increasing the spectrum resource utiliza-
tion. Therefore, the network throughput will be improved. 

In Figure 6 and Figure 7, we also can find that the maximum usage of fre-
quency slots will increase with the increasing number of multicast traffic re-
quests. More spectrum resource need to be allocated for satisfying the multicast 
traffic demands. Compare Figure 6 and Figure 7, when they have the same 
number of destination nodes and multicast traffic requests, the maximum aver-
age usages of frequency slots are closed to each other, due to the similar number 
of nodes and links. However, on the whole, the maximum average usage of fre-
quency slots in topology 2 is still less than topology 1, because it mainly affected 
by the structure of topology. The in-degree and out-degree of topology 2 nodes 
are more than topology 1, it easily provides a different multicast routing for dif-
ferent multicast traffic, which will reduce the frequency slots utilization. 

Figure 8 depicts the maximum average usage of frequency slots performance 
versus the number of destination nodes in topology 1, where the number of 
multicast traffic requests is five. As shown in Figure 8, the average usages of 
frequency slots increase slightly with the number of destination nodes increas-
ing. It is due to the influence of topology tree structure. 

As shown in Figure 9, the improvement of spectrum utilization efficiency on 
proposed multi-path NC-MSF scheme comparing with SPT is illustrated. The  
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Figure 6. Average usage of frequency slots in topology 1. (a) D = 2, (b) D = 3, (c) 
D = 4. 

 

 
Figure 7. Average usage of frequency slots in topology 2. (a) D = 2, (b) D = 3, (c) 
D = 4, (d) D = 5. 
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Figure 8. Average usage of frequency slots versus the number of 
destination nodes in topology 1. 

 

 
Figure 9. The improvement of spectrum utilization efficiency. 

 

simulation is operated in topology 1 scenario. When the same number of multi-
cast traffic requests is transmitted, the proposed multi-path NC-MSF scheme 
will improve the utilization of spectrum resources more than 20% comparing 
with SPT scheme. The simulation results illustrate that multi-path NC-MSF 
scheme is beneficial to reduce the maximum average usage of frequency slots on 
each links, and the performance of load balance is improved obviously. 

5. Conclusion 

A multi-path transmission scheme based on network coding for routing and 
spectrum allocation is proposed for multi-granularity multicast traffic transmit-
ting in elastic optical network. The routing spectrum allocation is optimized by 
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decomposing into multi-path routing based on network coding and spectrum 
allocation based on maximum spectrum first. In simulation experiments, the 
spectrum resource can be allocated dynamically and efficiently to satisfy diverse 
rate multicast traffic demand, and the maximum average usage of frequency 
slots on each links is analyzed. The simulation results verify that the multi-path 
transmission scheme based network coding can balance the network load, in-
crease network throughput and reduce blocking probability effectively. 
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