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A Novel SDN-based System for Provisioning of 
Smart Hybrid Media Services

☆

Myunghoon Jeon1 Byoung-dai Lee1*

ABSTRACT

In recent years, technology is rapidly changing to support new service consumption and distribution models in multimedia service 

systems and hybrid delivery of media services is a key factor for enabling next generation multimedia services. This phenomenon can 

lead to rapidly increasing network traffic and ultimately has a direct and aggravating effect on the user’s quality of service (QOS). 

To address the issue, we propose a novel system architecture to provide smart hybrid media services efficiently. The architecture is 

designed to apply the software-defined networking (SDN) method, detect changes in traffic, and combine the data, including user 

data, service features, and computation node status, to provide a service schedule that is suitable for the current state. To this end, 

the proposed architecture is based on 2-level scheduling, where Level-1 scheduling is responsible for the best network path and a 

computation node for processing the user request, whereas Level-2 scheduling deals with individual service requests that arrived at the 

computation node. This paper describes the overall concept of the architecture, as well as the functions of each component. In 

addition, this paper describes potential scenarios that demonstrate how this architecture could provide services more efficiently than 

current media-service architectures.

☞ keyword : Cloud Computing, Smart hybrid media services, SDN, Quality of Service

1. Introduction

In recent years, due to increasing popularity of smart TVs 

with integrated Internet capability and widespread use of 

personal multimedia devices such as smartphones and tablets, 

the environment surrounding multimedia service systems are 

now moving into a new phase and hybrid media services are 

at the core of the changes. In keeping with such trends, 

numerous services have appeared that use the 

cloud-computing environment; its type and domain continue 

to expand. Early cloud-based services largely focused on 

storage; they had not expanded to other areas, e.g., big data 

analysis, games, and media processing. According to the 

International Data Corporation (IDC), the public 

cloud-service market will grow to 203.4 billion dollars by 
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2020, posting an annualized growth rate of 21.5% from 2015 

to 2020 [1]. In particular, cloud-based media services are 

gaining attention as one of the areas expected to grow the 

most over the next five years. 

The growth in the media service sector is being 

accelerated by the continuous improvements in media-related 

technology. A case in point is the coding technology for 

ultra-high definition (UHD)[2], and devices that support the 

technology. These devices have made it possible for users to 

enjoy high-quality media services, regardless of where or 

when they are available, raising demands for the services and 

facilitating their market growth.

However, with the growth, the data volume required to 

perform such services has also increased, resulting in a surge 

of network traffic [3]. This is a critical component that 

directly affects users’ quality of service (QOS) and needs to 

be addressed. Traditional media services are based on an 

architecture that does not consider the network. This makes 

the traffic problem more important for a service provider; it 

needs to be solved to ensure service competitiveness.

This paper proposes a smart media-service architecture as 

a solution. Figure 1 describes the overall concept of the 

proposed architecture. The underlying concept is to analyze 
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(Figure 1) Comcept of the Proposed Architecture

References Proposition

Ref.[5]
A dynamic resource management for online 

video-sharing services

Ref.[6]
Resource management for cloud-based 

media transcoding service

Ref.[7]
A priority-based dynamic scheduler for 

DASH-based video transcoding

Ref.[8]
Content placement algorithm based on 

two-step strategy

Ref.[9]

A cloud-based distributed transcoding 

algorithm in consideration of segments’ 

dependency

Ref.10]
MapReduce-based two-level scheduling 

algorithm for UHD video encoding

Ref.[11]
GPU-based parallel video encoding in 

cloud environment

(Table 1) Summary of related work

a combination of data, e.g., the network and computation 

node status, service features, service access patterns, and user 

information, based on a service-scheduling policy defined 

from the perspective of a service provider. Thus, the 

architecture can determine an efficient service policy suitable 

for the current state, and ensure the user’s QOS from the 

service provider’s point of view.

This paper is composed as follows. In Section II, we will 

look into related work. In Section III, we will discuss 

potential issues that may arise from the traditional media 

service to provide grounds for this paper. In Section IV, we 

will describe the concept and components of the smart 

media-service architecture, as well as the functions of each 

component. In Section V, we will describe service scenarios 

to illustrate the performance of the proposed architecture. 

Section VI concludes the paper.   

2. Related Work

As cloud-based media services are growing, studies 

designed to improve service efficiency are ongoing in a wide 

range of areas. Resource management is one such area [5][6]

[7][8]. Ref. [5] discussed a dynamic resource-provisioning 

method to ensure QOS when transcoding online 

video-sharing services. They designed an online algorithm to 

determine the volume of resources needed to ensure QOS 

and applied this algorithm to improve the resource- 

consumption efficiency. Ref. [6] examined resource 

utilization and task complexity when providing cloud-based 

transcoding services. They proposed a task-scheduling 

scheme based on the data to efficiently provide resource slot 

allocation. Ref. [7] proposed a dynamic scheduler for DASH 

(Dynamic Adaptive Streaming over HTTP) video transcoding 

designed for cloud environments. This study forecasted the 

transcoding time and proposed a model to apply priorities 

based on the forecast. Further, the resource functionality was 

classified and allocated to reduce the overall processing 

delay. Ref. [8] proposed the content placement strategy for 

user-generated contents based on media cloud. The first step 

of the strategy is to find the optimal placement for a single 

content and in the second step, the analytical results obtained 

in the first step is used to solve the cost optimization 

problem.

In addition to resource-management studies, one field of 

study focuses on the computation and seeks to improve the 

performance of the service processing itself [9][10][11]. Ref. 

[9]developed a distributed transcoding scheme that considers 

how the segments’ dependency can improve the bit rate and 

time efficiency. Ref. [10] proposed a two-level scheduling 

scheme to improve the efficiency in distributed encoding. 

They proposed an algorithm that identified a video content’s 

complexity and dependency, created segments based on the 

data, and defined the encoding order. Further, they 

demonstrated their proposed algorithm’s improved efficiency 

in terms of the bit rate and encoding time. Ref. [11] 

proposed a motion estimation algorithm for GPU-based cloud 

encoding. In order to improve the most time-consuming part 

of the H.264 encoding job, the proposed algorithm applied 

CUDA-based thread optimization. In addition, a parallelized 
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(Figure 2) Media-Service Architecture that Does 

Not Consider the Network Side

motion estimation algorithm in consideration of motion 

tendency was also proposed. Table 1 summarized the 

abovementioned studies.

However, since these studies only focused on media services’ 

resources and computation, they did not consider the 

network, which directly affects the user’s QOS. Therefore, it 

may be difficult to effectively control the variety of data 

traffic arising from recent media services. Our paper 

proposes a smart media-service architecture that considers 

both the computation and the network to solve the 

aforementioned problems.

3. Problem Descripotion

Media services basically identify the internal status of the 

computation nodes to consider a user’s requested service, 

select the right node, and process the service. In this process, 

the input data and results are transmitted via network. Since 

traditional media services do not consider the network, 

services are provided based on the static network structure. 

This may lead to problems, as the type and volume of media 

services grow and data-access patterns diversify. 

Figure 2 shows examples of such issues. It displays a 

scenario where the service requests to be processed in 

computation node 1 surge, and the network traffic increases. 

In this case, the network path to computation node 1 

deteriorates in transmission; however, since the path was 

fixed in the initial setting, the data is transmitted through the 

same path for subsequent requests. If the data can be 

transmitted to computation node 1, using another path with 

less traffic, the transmission efficiency will improve, along 

with the entire service performance.

In the hybrid multimedia service environment, a single 

media content can be composed of multiple videos or data 

contents, and is provided to users through logical display 

such as TV or other various smart devices. At this point, 

multiple networks may be used depending on the physical 

location of the server that actually transmits the contents. 

Here, an integrated control technology is required for 

individual networks.

Unfortunately, traditional media services only focus on the 

computation side with no regard to the network, making it 

difficult to assure users’ QOS when providing diversified and 

high quality media services. We believe our proposed 

architecture will solve these problems. 

4. Proposed Architecture

The underlying concept of the proposed architecture is to 

define the factors that can impact the QOS when providing 

media services, and effectively control them. Figure 3 

illustrates the overall concept of the proposed architecture. 

We classified the impact factors into a data-transmission side 

and a data-processing side, and defined their scheduling as 

Level 1 and Level 2, respectively. Level 1 schedules the data 

transmission; it seeks to determine the most optimal node 

and create a network path to the node. Level 2 schedules the 

essential service processing and seeks to improve 

performance by applying a scheduling algorithm within the 

computation node.

4.1 Level 1 Scheduling

Level 1 scheduling considers the transmission efficiency 

and the network state and provides services that suit the 

current state. The following components are used during 

Level 1 scheduling.
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(Figure 3)  Proposed Smart Hybrid Media Service 

Architecture

(Figure 4) Examples of changes of access patterns

4.1.1 User and Service Monitor

The user and service monitor watches the users and 

services. Service monitoring can be classified into two sides: 

the service characteristics, including the service type and the 

data volume, and the service access pattern. The monitor 

determines whether the access pattern of a requested service 

changes as time passes. All of the monitored data is sent to 

the global controller. The user and service monitor utilizes 

two time-wise parameters, Type 1 and Type 2, to realize the 

access pattern. The Type 1 parameter denotes the number of 

client requests at a time point, whereas the Type 2 parameter 

represents the pattern of client requests (e.g., increasing or 

decreasing pattern). Figure 4 shows examples of changes of 

access pattern of two services and how these two parameters 

are used to determine the characteristics of the access 

patterns of two services. According to the Type 1 parameters, 

it can be seen that service 1 is being requested more than 

service 2 in most cases. However, at the time point K, client 

requests for service 2 grows rapidly, whereas the number of 

client requests for service 1 decrease. However, according to 

Type 2, the monitor is able to capture that the sudden 

increase in the client request was transient and, as a result, 

it does not respond to the change of the access pattern of the 

service 1.

4.1.2 Computation-node state monitor

The computation monitor serves to identify the status of 

an available computation node when a service is requested. 

It investigates the volume and type of ongoing work, 

identifies computation nodes that suit the current request, and 

sends a list of available nodes to the global controller. The 

computation monitor receives periodically the status 

information of computation nodes from corresponding 

computation controllers. Some of important information 

delivered to the computation monitor include the current load 

status of individual computation node, the complexity of the 

currently executing service based on the input and the output 

of the service. Using the information, the computation 

monitor determines the best  computation node for executing 

the client request and sends the target node to the global 

controller.

4.1.3 SDN controller

The SDN controller identifies the network status and 

creates a flow entry for a requested service. In identifying the 

network status, each switch sends counter data for the flow 

entry to identify the traffic level; the data is sent to the 

global controller. The SDN controller receives the results 

calculated by the global controller and creates a flow entry 

for the particular service. 

4.1.4 Global controller

The global controller comprehensively looks through the 

data collected from the above three components, and 

determines the best network path for the current state. Figure 

5 shows the entire flow of the global controller. As seen in 

the figure, when a user submits a request, information 
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(Figure 5) The Workflow of The Global Controller

regarding the user and the service is first sent to the global 

controller. This information can be grouped into user priority, 

service type, service feature, and service access pattern. 

Different weights can be given to users and service-related 

data to reflect the service provider’s perspective. The global 

controller can then apply a higher priority to a streaming 

service, among the other service types, on a real-time basis, 

or may apply a higher priority to a task that demands more 

calculation complexity, e.g., UHD encoding. Thus, the global 

controller can define priorities for the users and service- 

related data based on the service provider’s perspective. 

The global controller requests the states of the 

computation nodes that are fit for the requested services, 

based on the priorities, and receives a list accordingly. Then, 

it examines the network state for each node and determines 

the most optimal node. In doing so, the global controller runs 

a network-path check that can access the decided node and 

determine a path. This course is run based on the 

service-scheduling policy of the service provider. 

For example, if a computation node has been selected and 

two paths access the node from the start point, the SDN 

controller may choose whether to apply the priorities from 

the service provider’s perspective or to ignore them. The 

global controller sends the network-path data,  determined 

based on the monitored data, to create a flow entry. In sum, 

the global controller takes the service provider’s point of 

view and looks into the user information, service 

information, and network and computation statuses, to 

determine a network path that can efficiently provide the 

service under the current circumstances. 

4.2 Level 2 Scheduling

Once a computation node is determined through Level 1 

scheduling, it is given the data and processes the service. 

This computation node will apply an algorithm to more 

effectively process the service; this course constitutes Level 

2 scheduling. This means, the efficiency of the Level 2 

scheduling may differ based on the type and performance of 

the algorithm applied. 

For example, when processing a video-encoding service, 

the video segmentation and encoding order may be applied 

differently according to the algorithm, and that may change 

the performance of the encoding time, bit rate, or peak 

signal-to-noise ratio (PSNR). Examples of Level 2 

scheduling can be seen in [9][10][12] The algorithm types 

can differ based on the user’s requirements (time priority, 

bit-rate priority, time and bit rate to be considered equally, 

etc.). 

5. Expected Scenarios

Media services basically identify the internal status of the 

computation nodes to

In this section, we describe a possible service scenario to 

illustrate how the proposed media-service architecture works. 

A major scenario for this architecture is responding to 

rapidly rising network traffic.

Figure 6 shows a situation where a high volume of traffic 

comes to path 1, among the network paths connected to 

computation node (k). If services requested from two users 

are to be processed in the computation node, the global 

controller may select different paths for the services, based 

on the service provider’s perspective, as described earlier. In 

Figure 5, if the service provider focuses on the user priority, 

the global controller opens path 2 to user 1 and gives path 

1 to user 2 to ensure the QOS, focusing on the user’s 

priority. 

Figure 7 illustrates a service scenario that can appear on 

the other side of the scenario in Figures 6 and 7 shows what 

happens when a rapid change is made in the access patterns 

of a service requested from a user. The service provider may 

give a higher priority to streaming services and focus on the 

QOS for the service as requests for streaming services 
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(Figure 6) Path Allocation based on User Priority 

as Traffic Increases

(Figure 7) Path Allocation based on Changing 

Service Access Patterns

(A) Conventional Bradcasting services

(B) Hybrid broadcasting services

(Figure 8) Media transmission environment of 

conventional and hybrid broadcasting 

services

increase as time passes.

Streaming services, by nature, should be provided with a 

seamless and stable network path. However, if the paths are 

offered uniformly to all services with no regard to the 

network, a stable path may not be available. However, in the 

proposed architecture, as shown in Figure 7, any changes in 

the service access pattern are recognized from the service 

provider’s perspective, and a relatively stable network path 

can be guaranteed, if the paths can be separated for 

subsequent services by the global controller. 

Hybrid broadcasting service is drawing much attention as 

a next generation broadcasting service that can provide not 

only existing unidirectional broadcasting service but also 

multimedia service [12]. A representative feature of the 

hybrid broadcasting service is transmission of multimedia 

contents through a bidirectional IP network. Figure 8 shows 

the differences in the transmission environment between the 

hybrid broadcasting service and the traditional broadcasting 

service. In the case of the transmission environment of the 

conventional broadcasting service, the user selects and receives 

the unidirectional contents from the contents provider. 

However, the users receiving the hybrid broadcasting can 

determine the image quality of the content they want from 

multiple providers, and can select the language of the 

subtitles and sound. It is also possible to chat over the 

Internet, search for and play related videos, and share them 

with other people close to them. The transmission 

environment of such a hybrid broadcasting service requires a 

network capable of transmitting multimedia data efficiently. 

However, the current Internet architecture, which is vertical 

and closed, has a technical limitation that it is difficult to 

flexibly cope with the maintenance and expansion of the 

network, which is directly connected with the quality 
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(A) Initial path allocation

(B) After chaning network path in cosideration of 

relationship among media components

(Figure 9) Path Allocation based on relationship 

among media components

degradation problem of the hybrid broadcasting service.

The problem described above can be solved by applying 

the SDN-based media service architecture proposed in this 

study. Figure 9 shows an example of a solution to this 

problem and it illustrates a process of preventing 

performance degradation of the overall services by 

considering the characteristics of contents for the requested 

service in the transmission environment of the hybrid 

broadcasting service and efficiently allocating the network 

based on the characteristics of the contents. Figure 9 (A) 

shows the initial state before applying the network change. 

The network allocation information at this time shows that 

the multimedia data of the service are relatively uniformly 

allocated to the network. However, if users request more 

videos or higher image quality, the existing allocated 

network path may be burdened, resulting in deterioration of 

the overall service quality. In this case, the network load can 

be lowered by reducing the existing network path for 

transmitting subtitles and extending the transmission path for 

videos as shown in Figure 9 (B) through the proposed 

architecture. What is notable in this process is to extend the 

network path for videos, but reduce the network for subtitle 

language. In other words, considering the characteristics of 

the multimedia provided in the current state, the total 

network load is decreased by reducing the network path for 

the subtitle language having a relatively low computational 

complexity and network requirement in changing the path for 

the video content. In conclusion, as shown in the above 

example, effective network management considering the 

characteristics of contents is possible in providing a hybrid 

broadcasting service by applying the SDN-based media 

service architecture proposed in this study because it can 

flexibly manage the allocation information of the entire 

network.

The three service scenarios described above are partial 

examples that show how the proposed media-service 

architecture can use the service provider’s perspective to 

consider the user and service information, the network side, 

and the computation side, and thereby provide efficient 

services. 

6. Conclusion

This paper focused on the service provider’s perspective 

to comprehensively look at the user and service information, 

and network and computation elements, and proposed a smart 

media-service architecture to improve the service efficiency. 

To effectively describe the proposed architecture, we pointed 

out problems with the traditional media-service architecture. 

In addition, we examined the components of the proposed 

architecture and their roles and functions. Finally, we described 

some possible scenarios to highlight our architecture’s potential 

efficiency. 

We suggest that future studies implement and test the 

proposed architecture to verify its QOS efficiency. In 

addition, numerous experiments should be conducted based 

on clear definitions of algorithms for each component and 

from different service-provider perspectives.
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