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a b s t r a c t

Software-defined networking is a recently emerging paradigm that decouples the control and

data planes of computer networks. It allows for the implementation of application-specific

routing algorithms, and the advantages that the SDN architecture enables can be used to en-

hance the performance of multimedia communication applications. In this paper, we propose

an adaptive video streaming system with a learning-based approach, running over SDN. In the

proposed video streaming system, we use a novel learning model to determine the optimal

time to re-route the traffic flows and to change the bitrate of the video. The learning model

aims to minimize the packet loss rate, quality changes and controller cost while adapting the

flow routes and video quality. We have tested the performance of the learning-based approach

by comparing it to traditional Internet routing and the greedy approach. The results show that

the proposed system significantly outperforms the traditional Internet routing approach and

the greedy approach in terms of quality of experience (QoE) and network cost under different

network scenarios.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Multimedia applications are among the most prevalent

applications running over the Internet. Although traditional

best effort routing cannot guarantee a certain amount of

bandwidth and cannot provide a delay limit to the packets,

these applications serve a wide range of users. The perfor-

mance of video streaming applications running over a tradi-

tional Internet architecture is acceptable thanks to remark-

able rate adaptation and buffering techniques. One of the

challenges of providing high performance to streaming ap-

plication users is coping with changing network conditions.

Video streaming applications can change the video bitrate

according to the underlying network capacity by performing

quality adaptation techniques. Quality adaptation regulates
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the bitrate of the video and minimizes the packet losses or

outages during streaming. Using layered video data can be a

method to adapt quality when the capacity of the end-to-end

path between the server and the client changes. The video

bitrate can be adjusted by adding or extracting video layers

according to the available bandwidth.

Software-defined networking (SDN) [1], a recently

emerging paradigm, proposes an abstraction of forwarding

functionality in computer networks. With the SDN archi-

tecture, the control and data plane are decoupled, and this

approach provides a programmable control plane. The pro-

grammable control plane allows network operators to de-

velop flexible routing algorithms that can be configured

according to the characteristics of different network appli-

cations. Forwarding abstraction can be used for improving

existing routing algorithms or for developing novel ones to

increase the performance of the applications.

There are several proposals for implementing new rout-

ing algorithms for video streaming applications running over

SDN. The purpose of developing new routing algorithms is to
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increase the quality of experience (QoE), a measure of client

experience with a video streaming application. Commonly

used QoE parameters are the received bitrate, percentage of

lost packets, outage duration, number of quality changes and

startup delay [2]. The routing algorithms for sending video

packets over SDNs proposed in the literature aim to increase

QoE parameters in terms of the received bitrate, outage du-

ration and startup delay [3–5].

If we consider developing an adaptive video streaming

application running over SDN, then we have control of both

the routing of flows for the video packets and adjusting the

bitrate of the streamed video. One reasonable method could

be selecting the path having the maximum capacity among

the paths between the server and the client and then send-

ing as many as video layers that can be conveyed over the se-

lected path without losing the packets. If new clients join the

system, network conditions and link capacities change. Thus,

re-routing packets by assigning different paths other than

the current path may be needed as well as adjusting the bi-

trate according to the current underlying capacity. However,

frequent path changes increase the complexity of control

plane functionalities. On the other hand, frequent changes in

video quality may annoy users and cause a decrease in QoE

[6,7]. This tradeoff raises the following questions: (i) When

should the paths be changed? (ii) Should path and quality

be changed at the same time? (iii) At what quality should

the video be streamed? In this work, we develop a learning

model to find optimal actions related to these three ques-

tions. The output of the learning model determines when

the path should be changed and which quality should be

selected.

Reinforcement learning [8] techniques are used for an en-

tity to gather some information regarding the environment

and to utilize its experience after receiving intuition con-

cerning system facts. An entity is a decision maker that ob-

serves the environment, takes actions and receives rewards

related to its actions in a system. In a reinforcement learn-

ing model, the entity begins at the exploration phase and it

passes to the exploitation phase in time. Its experiences are

obtained by performing actions and observing the results of

these actions. In this paper, we propose to use a reinforce-

ment learning model for an adaptive video streaming appli-

cation running over SDN because the results of some actions

are not known in advance. Based on the output of the learn-

ing model, the system learns the optimal actions of when to

re-route video packet flows and when to add or extract video

layers. The aim of the learning model is to maximize QoE in

terms of the received bitrate, percentage of lost packets and

number of quality changes while minimizing the complexity

of SDN elements.

The contributions of our work can be listed as follows:

(i) We design an adaptive layered video streaming sys-

tem running over SDN. To the best of our knowledge,

an adaptive video streaming application using layered

video and managed by SDN elements has not been

proposed previously.

(ii) We design a learning model for determining when to

change the flow route and video quality. This is the

first study that develops a learning model for multi-

media applications running over SDN.

(iii) We implement a set of experiments to tune the param-

eters that give the best performance for the learning

model.

(iv) In addition to developing a learning model, we also

develop a heuristic greedy approach to re-route video

packet flows and to regulate the video bitrate. We

present the results of the learning-based approach and

the greedy approach comparatively and show the per-

formances of both approaches in different network

scenarios.

The rest of the paper is organized as follows. In Section 2,

related works regarding multimedia communications over

SDN are given. The proposed adaptive video streaming sys-

tem with a learning-based approach and the learning model

are detailed in Section 3. In Section 4, we present the perfor-

mance results of the proposed learning-based adaptive video

streaming system. In Section 5, the conclusions are given, fol-

lowed by the references.

2. Related work

In SDN architecture, the control plane is separated from

the data forwarding plane and its functionality is given to an

external device called the controller. The controller has the

network topology view of its domain. It communicates with

the switches to obtain real-time traffic information. By using

the information regarding topology and traffic volume, the

controller can determine the flow routes. Hence, SDN devel-

ops the application specific routing strategies by taking the

underlying network topology and the real-time traffic infor-

mation into consideration.

OpenFlow [9] is the first protocol that allows the con-

troller to communicate with the switches. The OpenFlow

protocol establishes a secure communication channel be-

tween the controller and the switches. The forwarding rules

in the flow tables of switches are determined by the con-

troller flow route decisions that are sent by using Open-

Flow. The controller can add a new flow table entry or mod-

ify/delete existing ones and can query traffic statistics via

OpenFlow.

Because SDN is a recently emerging paradigm, there are

only a limited number of studies on implementing multime-

dia communication services and providing a multimedia spe-

cific quality of service (QoS) model over SDN. In [3], assigning

suitable flows to the users according to their service negoti-

ations is discussed. An IPTV service running over SDN and

assuring a certain level of service quality were proposed in

[10]. In the proposed service, there are two paths between

the server and the client, and if a problem is detected on the

default streaming path, then the alternative path is selected

to stream the video packets. Because there is one alterna-

tive path, the methods of path selection are not discussed

in this work. In [4], based on the client download capacity

information obtained from the switches, the controller en-

ables the video to be sent at a suitable quality in accordance

with the capacity of the clients. Similar to [10], in this study,

there is one path between the server and the clients and all

video packets are sent through this path; no path selection

method is defined. In [11], a network caching service based

on the SDN framework is proposed for video on demand
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