
Efficient Multicast Algorithms for Scalable Video 
Coding in Software-Defined Networking 

Jang-Ping Sheu, Che-Wei Chang, Yeh-Cheng Chang 
Department of Computer Science 

National Tsing Hua University 
Hsinchu, 30013, Taiwan 

sheujp@cs.nthu.edu.tw, hatsunerika@gmail.com, jas1123kimo@gmail.com 
 

 
Abstract- Software-Defined Networking (SDN) is a new approach 
to design, build and manage computer networks. Multicast is 
used to transmit the same video file to different users. In this 
paper, we propose two multicast algorithms to solve the multicast 
problem in SDN environment. Both algorithms consider the 
balance of bandwidth utilization and communication delay 
between the source and clients. Simulation results show that our 
algorithms can improve the network bandwidth utilization and 
successful rate of the multicast requests than the previous works.  

Keywords—Bandwidth utilization, multicast, routing 
algorithms, software-defined networking 

I. INTRODUCTION 
Software-Defined Networking (SDN) is a new approach 

for designing, building and managing of networks, which 
offers flexibility and programmability by decoupling the 
control plane from the data plane when compared to   
traditional networks [1]. A central controller at the control 
plane includes the network topology; network devices only 
have data plane, which is controlled under the central 
controller [2, 4]. OpenFlow [3] is the first standard 
communication interface between control plane and data plane 
of SDN architecture.  

MPEG H.264 is a popular video compression system and 
dominates the JPEG for image compression [4]. The 
H.264/AVC has a new technology named scalable video 
coding (SVC) [5]. In SVC, each video frame is encoded to a 
base layer and multiple enhancement layers [6]. We can 
deliver different video qualities to different clients based on 
their demand. Base layer is a basic quality of a video. A client 
receiving more enhancement layers can largely increase the 
video quality of the client [7]. In this paper, we study the 
problem of multicast of video in SDN with SVC technology.  

Multicast is the communication between a single source 
and multiple destinations in a network with focus on to 
minimize the network load and the data flow stored in routers 
or switches. We can use multicast gainfully in video 
transmission, online gaming, and distributed computing [8]. 
There are two main schemes to establish a multicast tree, 
source based tree (SBT) and share tree. SBT computes the 
shortest paths between the source and all destinations to 
establish a multicast tree from source to destinations [9, 10]. 
In shared tree, only one tree needs to be established for a 
group which is shared by all the sources and destinations 
within that group. The shared tree approaches can be classified 

into Core-based tree algorithms [11] and Steiner Tree based 
algorithms [12, 13]. 

With the traditional network architecture, we want to 
establish a multicast spanning tree, i.e. a multicast tree without 
loop. The multicast generation tree has been formulated as 
computing a directed Steiner tree of minimal cost [12]. In [13], 
the authors proposed a shared-tree-based multi-source 
multicast routing protocol to establish the multi-source 
multicasting in Mobile Ad Hoc Networks. The multicast 
routing algorithm as presented in [14] to minimize the size of 
routing tree in SDN based data-center system. A video 
multicast framework is proposed in [9] using SVC for TDMA-
based Wireless Mesh Networks, where receivers have their 
own video demand quality. In [10], the application-network 
cross-layer design is interpreted as an incorporation of 
application intelligence into the network, and proposed an 
application-oriented multicast protocol.  

In [15], the authors proposed three methods to generate a 
data aggregation multicast tree in wireless sensor networks. In 
the first scheme, Center at Nearest Source (CNS), the source 
which is nearest the sink acts as the aggregation point. All 
other sources send their data directly to this source which then 
send the aggregated information to the sink. In the second 
scheme, Shortest Path Tree (SPT), each source sends its data 
to the sink along the shortest path between the source and sink. 
Then combine these shortest paths to form a multicast 
aggregation tree. In the last scheme, Greedy Incremental Tree 
(GIT), the multicast aggregation tree is built sequentially. At 
the first step the tree consists of only the shortest path between 
the sink and the nearest source. At each following step, the 
next source closest to the current tree is connected to the 
multicast tree.  

In this paper, we propose algorithms to solve the multicast 
video problem in SDN environment. We assume that there is a 
source server that wish to send an SVC video to a number of 
clients. Each client has its demand of video quality. The 
central controller of a SDN has the entire network topology, 
traffic cost, and the remaining bandwidth of each switch link. 
We propose two algorithms to solve the multicast tree problem. 
The objective of the first algorithm is to minimize the 
communication delay of source to clients under the delay-time 
constraint of each client. The objective of the second 
algorithm is to find the maximum bottleneck bandwidth (MBB) 
from source to each client with the minimal delay path. The 
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bottleneck bandwidth of a path is the minimal residual 
bandwidth of the edges in the path. Simulation results show 
that our algorithms have better link utilization and multicast 
successful rate than previous multicast algorithms in [15]. 

II. PRELIMINARY 

2.1 Network Model 
In our multicast system, each client has the base layer of 

the same video sent from the source server. However, a client 
can request enhancement layers to improve its video quality, 
but consumes more network bandwidth to deliver the 
enhanced packets to the client. We assume there are m layers 
of SVC video quality, a base layer and m-1 enhancement 
layers. Let w1 be the request video bandwidth with only the 
base layer and wi+1 represent the request video bandwidth with 
base layer and i more enhancement layers, for 1  i  m-1. For 
example, in Fig. 1, w3 means the bandwidth with base layer 
and two more enhancement layers. 

We consider an SDN has a set of n switches and a central 
controller. In our network model, a multicast group contains a 
source server and a number of clients. Each switch link has a 
remaining bandwidth value. An SDN network can be 
represented as a weighted graph G = (V, E) in which V is a set 
of vertices and E is a set of edges interconnected vertices in V. 
Each vertex in V represents a switch in SDN and each edge in 
E represents a switch link in SDN. We use the notation (u, v) 
to indicate an edge between vertex u and vertex v. For 
example, in Fig. 1, S is the source server which can send an 
SVC video with different qualities to four clients c1, c2, c3, and 
c4 through 15 switches. For each edge (u, v)  E, b(u, v) 
denotes the remaining bandwidth of the switch link. Each 
client ci has a bandwidth request based on its requested video 
quality. In Fig. 1, b(s1, s2) =14 and the bandwidth requests of 
the clients c1, c2, c3, and c4 are 8, 8, 5, and 2, respectively.  

 
Fig. 1 An example of using MPCA-k in a switching network. 

2.2 Problem Formulation  
In the first algorithm, we want to find a minimum 

communication delay (shortest path) from source to each 
client. If we have multiple paths with the same communication 
delay, we select the path which has the MBB. In order to 
reduce the total communication cost, we may not select the 
shortest path as the multicast path between source and its 
clients. The total communication cost represents the total 
number of switch links used to forward a multicast request. 

Thus, additional k hops of a path from the source to each client 
other than the shortest path is acceptable. That is, if there exist 
some paths from the source to some clients, we can join a new 
client to the existed paths to reduce the total communication 
cost if the hop count from the source to the client is smaller 
than or equal to the maximum allowable delay cost. The 
maximum allowable delay cost of a client is the sum of k and 
the cost of the shortest path from source to the client. Thus, 
the new established path from source to the new client may be 
not the shortest one and k is named the extra delay-time 
constraint. In the second algorithm, we want to establish a 
multicast tree with the MBB. For each client, we will find a 
path with the MBB. If more than one path has the same MBB, 
we choose the one with the shortest path. 

III. OUR PROPOSED ALGORITHMS 
In this section, we present two algorithms to solve the 

multicast problem. First, we present a Minimal Path Cost 
Algorithm with the extra delay time k (MPCA-k) in section 3.1 
to minimize the communication cost from source to clients 
under the additional delay-time constraint. Second, we present 
a Maximum Bandwidth Utilization Algorithms with Shortest 
Path (MBUA-SP) in section 3.2 to maximize the link 
utilization. 

3.1 Minimal Path Cost Algorithm-k (MPCA-k)  
In MPCA-k, we first sort the clients by their bandwidth 

requests in decreasing order. Without loss of generality, we 
assume n clients are sorted in the order c1, c2, c3, …, cn. For 
example in Fig. 1, we sort the clients as c1, c2, c3, and c4 
according to their bandwidth requests. Then, remove the edges 
in the original network whose residual bandwidth is smaller 
than the first client bandwidth requirement. Later, find a 
shortest path (hop count) by the breadth first search (BFS) 
algorithm [16] from source to the first client. If there are more 
than one shortest path, select the path with MBB. For each 
vertex v  V, m(v) denotes the MBB of the path from source S 
to v. Initially, set m(S) =  and for each non-source vertex x  
V, m(x) = 0. In our BFS algorithm, for each u, v  V, when we 
find outgoing edges of u to v, if m(v) < min{m(u), b(u, v)}, the 
value of m(v) will be updated as min{m(u), b(u, v)} because 
we can reach v through u with a larger MBB than without 
through u. For example, in Fig. 1, for each vertex x  V - {s1}, 
m(x) = 0, m(s1) = . At the first iteration, we find outgoing 
edges of s1 and update m(s2) = 14 and m(s3) = 13. Next, find 
outgoing edges of s2 and s3, then update their neighboring 
switches. We finish the algorithm when all reachable switches 
are visited. Note that, the red number above each switch 
represents number of hop counts from source to this switch. 

After the BFS algorithm, the three paths s1-s2-s4-s8-s12, s1-
s2-s4-s9-s12, and s1-s2-s5-s9-s12 have the same minimal hop 
count from S to c1. We choose the path s1-s2-s4-s8-s12 which 
has the largest MBB=10 as the initial multicast tree. Let P 
denote the set of switches in the selected shortest path. For 
example, in Fig. 1 P is equal to {s1, s2, s4, s8, s12}. Let ti be the 
multicast tree including clients c1, c2, … ci, for 1  i  n. Thus, 
the shortest path from source to c1 is t1. Next, we remove the 
edges in the original network whose residual bandwidth is 
smaller than the second client bandwidth requirement. Then, 
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use the BFS algorithm to count the shortest hop count from c2 
to each switch in the set P. Later, we connect c2 to the nearest 
switch in P if the length of c2 to the switch plus the length of 
the switch to source is no longer than the maximum allowable 
delay-time of the client c2. For example, in Fig. 1, we can find 
that the shortest path cost from c2 to each switch in P = {s1, s2, 
s4, s8, s12} are 4, 3, 4, 3 and 2. If the extra delay-time k = 2, we 
can connect c2 to s12 which has the shortest path from c2 to the 
existed tree t1 because the delay-time from S through s12 to c2 
is 6 no larger than the maximum delay-time of the client c2. 

 However, if the extra delay-time k = 1, we will connect c2 
to switches s2 or s8. Once the path from c2 to set P is 
determined, combine the path to t1 and get a new multicast tree 
t2. The set P is updated to the set of switches used in t2. For 
example, in Fig. 1 if k = 1 and s2 is selected, the P is updated 
to {s1, s2, s4, s5, s8 s10, s12, s14}. Finally, repeat the above steps 
to find the multicast tree tn. If we cannot find a path from 
source server to any client, we return no path and deny this 
request. In Fig. 1, we find four multicast paths for clients c1, c2, 
c3, and c4 in p1= s1-s2-s4-s8-s12, p2= s2-s5-s10-s14, p3= s2-s3-s7-s15, 
and p4= s12-s13, respectively. 

In the following, we evaluate the time complexity of 
MPCA-k. First, the time complexity of sorting the clients in 
decreasing order is O(n log n) time, where n is the number of 
clients. The time complexity to eliminate the edges whose 
residual bandwidth is smaller than the selected client’s request 
bandwidth is O(|V|). Next, we use BFS algorithm to find the 
shortest path from the client to all switches in set P. The time 
complexity of this step is equal to O(|V|+|E|). The time 
complexity used to update the switch links in the multicast 
tree is O(|V|). The above procedure is repeated n times, the 
time complexity of MPCA-k is O(n(|V|+|E|)). 

3.2 Maximum Bottleneck Bandwidth Utilization Algorithm 
with Shortest Path (MBUA-SP) 
In this subsection, we propose a Maximum Bandwidth 

Utilization Algorithms with Shortest Path (MBUA-SP) to 
maximize the link utilization. We can modify the Dijkstra’s 
one-to-all shortest paths algorithm [16] to find the MBB from 
source server S to all switches in our network. In the Dijkstra’s 
algorithm, we modify its relax operation as follows. For each 
vertex v  V, m(v) denotes the MBB of the path from source s 
to v. Initially, we set s1 connected to source S as a visited 
switch and set the other switches as unvisited ones. In our 
example, m(s1) is set to  and for each non-source vertex v  V, 
m(v) is set to 0. When a vertex u  V is visited, we relax all of 
the outgoing edges of vertex u as follows. Assume (u, v) is one 
of the outgoing edges of u. If m(v) < min{m(u), b(u, v)}, the 
value of m(v) will be updated to min{m(u), b(u, v)} because 
we can reach v through u with a larger MBB path than without 
through u. In the next step, visit an unvisited switch x that has 
the maximum m(x) and mark it as visited. After performing |V| 
iterations of relax operation, we get MBB of all switches. 

In Fig. 2, for example, the first visited switch s1 connected 
to the source server S, we set m(s1) = . After relax the 
outgoing edges of s1, we have m(s2) = 14 and m(s3) = 13. Note 
that, the red number above each switch represents the MBB 
from source to this switch. Since s2 has the maximum MBB, 
we visit and relax its outgoing edges. We have m(s4) = 10 and 

m(s5) = 14. After repeating 15 relax operations, the MBB of 
each switch is as shown in Fig. 2.  

 
Fig. 2 The MBB path from source S (s1) to all switches.  

Next, we sort the n clients in decreasing order according to 
the MBB of their connected switches. Without loss of 
generality, assume that the n clients are sorted in the order c1, 
c2, c3… cn. Then each client finds a shortest path from source 
to the client such that the MBB of the shortest path is no less 
than the MBB of the switch connected to the client. For 
example, in Fig. 2, the MBB of a shortest path from source to 
client c2 must no less than 10. This can be done as follows. If 
we want to find a shortest path from source to client ci, we can 
remove the switch links whose residual bandwidth is smaller 
than the MBB of the client ci. Then use BFS algorithm to find 
a shortest path from S to client ci. We can iterate the above 
steps from i = 1 to n. Let ti be the multicast tree including 
clients c1, c2… ci. After finding the shortest path of client ci, 
merge this path to ti-1 to become ti, for 2  i  n. After 
establishing a multicast tree, we update the residual bandwidth 
in all edges of the network. The final result of Fig. 2 is shown 
as in Fig. 3. The time complexity of the modify Dijkstra’s 
algorithm is O(|V|2). The sorting algorithm spends O(n log n) 
time. The time complexity of all clients to find their shortest 
paths to source S is O(n(|V|+|E|)). Thus, the total time 
complexity of MBUA-SP scheme is O(|V|2 + n(|V|+|E|)). 

 
Fig. 3 A multicast tree of using MBUA-SP in Fig. 3. 

IV.   PERFORMANCE EVALUATION 

In this section, we evaluate the performance of our 
proposed algorithm through simulations. In our simulation, we 
create a network with 200 switches. Each multicast request has 
a number of clients which request a chosen source server for 
the same video files. The source server is randomly selected 
from 10 different servers in the network. The number of 
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clients are 20 to 90. Our video files have four kinds of 
bandwidth requirement: 40 MB/s, 100 MB/s, 160 MB/s, and 
200 MB/s. All links have the same initial bandwidth 1 GB/s. 
The multicast tree is established by the SDN controller. 

We measure the performance of the proposed schemes 
according to the following criteria. (1) Average hop counts of 
a multicast request: The lower average hop counts imply the 
lower packet transmission delay. (2) Average successful rate 
of a request: The average successful rate is the ratio of number 
of successful requests/total requests. (3) Average link 
utilization: After all of the multicast requests are accepted and 
routed, we compute the average utilization of the network 
switches. The lower link utilization means the lower multicast 
successful rate. We compare the performance of our proposed 
algorithms MPCA-k and MBUA-SP with the previous works 
SPT and GIT [15].  

4.1 Simulation Results 
For the MPCA-k scheme, the average hop counts would 

increase as the k increase. Thus, the larger k value has the 
higher average hop counts. However, the larger k value has the 
higher link utilization. Fig. 4 shows the average hop counts 
from source server S to each client for 200 multicast requests 
in our simulations with different average switch degree. The 
degree of a switch represents the number of neighboring 
switches of the switch. For all algorithms, the average hop 
counts decreases as the average switch degree increases. We 
find that the MPCA-0 without extra delay time and SPT have 
the shortest average hop counts from S to each client. The 
MBUA-SP, MPCA-4, and GIT algorithms have the 
intermediate communication delay.  

 
Fig. 4 Average hop counts of multicast requests vs average switch degrees. 

Fig. 5 shows the average multicast successful rate of 200 
multicast requests with various switch degrees. For all 
algorithms, the multicast successful rate increases along with 
the average switch degree. MPCA-4 has the highest multicast 
successful rate because it allow us to forward packet without 
through the shortest path. However, MPCA-4 has higher 
communication delay than other schemes except the MBUA-
SP as shown in Fig. 4. The MBUA-SP always choose the 
shortest path from each client to S with MBB restriction. Thus, 
the multicast successful rate of MBUA-SP is higher than 
MPCA-0, GIT, and SPT. The GIT successively adds next 
nearest source to the existing tree whose successful rate is 
better than MPCA-0 and SPT. Although the MPCA-0 only 

choose the shortest path from each client to source S, it also 
select the one with MBB if there is more than one shortest 
path. So, the request successful rate of MPCA-0 is better than 
SPT. Although the SPT has the shortest communication delay, 
it has the least multicast successful rate.   

 
Fig. 5 Average multicast successful rate vs average switch degrees. 

Fig. 6 shows the accumulated rejection rate with the 
number of requests varied from 40 to 200. The average switch 
degree of the simulation is 15. The average rejection rate is the 
ratio of rejected requests to the total requests. We can see that 
the multicast rejection rate increases with the number of 
multicast requests. The accumulated rejection rate of the 
algorithms from low to high are MPCA-4, MBUA-SP, GIT, 
MPCA-0, and SPT. This is because MPCA-4 and MBUA-SP 
schemes consider not only the shortest path but the maximum 
bottleneck bandwidth (MBB). 

 
Fig. 6 Accumulated rejection rate with the number of 200 multicast requests 

Fig. 7 shows the average link utilization of multicast with 
various average switch degrees for 200 multicast requests. The 
link utilization is the ratio of total consumed bandwidth to the 
total network bandwidth. If a multicast request is rejected, the 
consumed bandwidth of the request is zero. Since the SPT 
chooses a shortest path from S to each client, its link 
utilization is the lowest among all algorithms. The link 
utilization of MPCA-0 is higher than SPT. The link utilization 
of MBUA-SP and MPCA-4 is larger than 80%. Since the 
MBUA-SP chooses the shortest path from each client to 
source S under the MBB constraint, it has the best link 
utilization. 

2015 IEEE 26th International Symposium on Personal, Indoor and Mobile Radio Communications - (PIMRC): Services
Applications and Business

2092



    

 
Fig. 7 Average link utilization of multicast requests vs average switch degrees. 

V.   CONCLUSION 

In this paper, we presented two efficient multicast 
algorithms in SDN. In MPCA-k algorithm, the average hop 
counts, link utilization, and multicast successful rate increase 
when the extra delay time k increases. Since k is a tunable 
variable, we can adjust our MPCA-k algorithm according to 
the requirements of the network. For MPCA-0, its average hop 
counts from source to each client is near to SPT, but the 
performance of link utilization and multicast successful rate is 
better than SPT. For MPCA-4, it has the highest multicast 
successful rate. The MBUA-SP algorithm builds the multicast 
tree under the MBB constraint which has the best link 
utilization. The communication delay of MBUA-SP is a little 
higher than SPT and GIT, but the multicast successful rate and 
bandwidth utilization is much higher than the SPT and GIT 
algorithms.  
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