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1. INTRODUCTION
Internet has been around which changed the way the business-
es are operated and the applications are developed. The world 
has become a small village due to its communication facilities. 
The rapid growth of Internet and its related technologies make 
many dreams to be realized. Broadband Internet has paved the 
way for live streaming of video files across WWW. Now it is pos-
sible to have live streaming of videos such as cricket matches, 
live programs and so on. This has revolutionized the way con-
tent is rendered to many users at a time. It does mean that video 
broadcasting became a common practice. However, the videos 
are bulky in nature and streaming live videos need some tech-
niques such as compression. The compression techniques and 
the innovative approaches made it a reality to have live video 
streaming over Internet. This is evident in live cricket matches 
and other sports being multicast over Internet. This is the rea-
son for increased interest in live and stored video services. This 
has led to many companies to develop portals that exclusively 
deal with video services over Internet. Moreover video confer-
ence software such as GoToMeeting allows live video conferenc-
es to be conducted with ease. Multiple users across the globe 
need multicasting of a live video concurrently. This the innova-
tion of Internet technologies now it is a reality that thousands 
of people across the globe can view live streaming of programs 
simultaneously from any corner of the world. Fig. 1 shows the 
video streaming being accessed by multiple users of Internet 
with different devices. 

Fig. 1 – Video streaming using MDC to users
As can be seen in fig. 1, it is evident that multiple users are able 
access video with heterogeneous bandwidth requirements. This 

is because each user has different bandwidth requirements. In 
other words the users are heterogeneous in nature in terms of 
bandwidth usage and basic requirements. The users are also 
using different devices that are having different configurations 
containing varied RAM and processing power. This kind of 
streaming can be realized in MSN, YouTube. The video streaming 
of these vendors are practically using some sort of bandwidth 
management. Online live streaming such as AT&T, SplitStream, 
CoopNet, PPLie, IPTV and AT&T are some of the examples [1], 
[2], [3], [4]. These vendors provide live streaming to their reg-
istered users across the globe. They broadcast programs to mil-
lions of netizens concurrently. When video streaming has to be 
made to multiple heterogenous users across the globe, it throws 
various challenges. One among them is the optimum allocation 
of bandwidth. This is because the users are of various catego-
ries and more over they need different ranges of bandwidths. It 
does also mean that users’ bandwidth requirements are also not 
fixed. They can change from time to time based on their own re-
quirements. Moreover the devices through which users operate 
are different such as laptop, smart phone, mobile, PC and so on. 
The allocation of bandwidth with proper quality in streaming 
that leads to user satisfaction is the challenging problem to be 
addressed. Each user in turn may use different device and with 
different expected bandwidth. A naïve technique to solve this 
problem is to produce many streams with different bitrates to 
which various users are associated. This may cause problem in 
the number of such streams to be limited. This can’t effectively 
cater to the needs of users who need simultaneous access to the 
given video at the same time. The video streaming comes under 
a real time network flow that can’t be stopped for some time as 
non-real time can be stopped. Thus this approach is not prac-
tically useful that leads to receivers to get streaming with less 
bandwidth than required. To solve this problem the naïve ap-
proach described here is not suitable. A very good approach is 
to use MDC (Multiple-Description-Coded) video that facilitates 
encoding of video into many descriptions that are independent 
and having different bandwidth to which users are associated 
[3], [4], [5], and [6]. This is useful as the MDC is capable of al-
locating heterogeneous users with required bandwidth with 
multiple options pertaining to bitrates. This also facilitates the 
users to use different devices in order to access the given re-
source live. 

Descriptions are used to know the varied requirements of users. 
They make the bandwidth allocation easy. Users can associate 
with more than a descriptor. In this case the sum of bandwidths 
of all these descriptors should best match the requirements 
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of user. As seen in fig. 1 users get best match bandwidth that 
maximizes the quality of video. This is effectively solving the 
problem of bandwidth assignment for heterogeneous users. 
However, the process of allocation of bandwidth can be opti-
mized. This is considered a problem to be solved. In this paper 
we consider this as an optimization problem and study the 
problem of optimal bandwidth assignments for descriptors that 
are nothing but encoded video stream versions. What we expect 
from the proposed system is the optimal assignment because 
of the inherent problems in the existing bandwidth allocation 
algorithms. Therefore we expect best overall quality in allocat-
ing bandwidth to heterogeneous users that leads to improved 
quality in video streaming. In this paper, our contribution lies in 
problem definition and its complexity analysis; a solution when 
description number is greater than the threshold value. The 
problem formulation is meant for ensuring optimal bandwidth 
distribution based on user requirements. The solution is made 
using an algorithm that optimizes bandwidth allocation while 
encoding the video file streaming. This algorithm makes use of a 
threshold for easy allocation of bandwidth and its management. 
A threshold is used so as to compare with maximum and mini-
mum bandwidth requirements. The solution provided in this 
paper takes computational time to set description bandwidths 
that match user requirements efficiently. When bandwidth is 
lower than specified threshold, we used a solution named SAM-
BA (Simulated Annealing for MDC Bandwidth Assignment). This 
solution is proved to be effective as it can achieve much better 
user satisfaction as its encoding efficiency is improved. Rest of 
the sections provides information about the related work, prob-
lem definition, algorithms etc. 

2. RELATED WORK
Video streaming has been around ever since video compres-
sion and video streaming applications were developed to use 
with Internet. Video streaming has to be made to multiple on-
line users simultaneously. Moreover such users many use dif-
ferent devices and their bandwidth requirements are different 
from each other. Solutions are made to this problem using MDC 
video. In many applications MDC is used. Many researchers fo-
cused on MDC and its usefulness as it is the best candidate for 
allocating bandwidth to heterogeneous users. However, their 
researches mostly confined to the transmission robustness only 
[5], [6]. They did not focus on description bandwidth allocation 
to heterogeneous users. This is the main reason for which they 
can’t be used practically in the real world. In this paper we fo-
cus on the issue of description bandwidth allocation for MDC. 
Layered coding is another approach found in the literature for 
video multicast. In this approach only higher layer is used only 
when all lower layers are selected. This kind of research and its 
performance evaluation is found in [7] and [8]. In case of MDC it 
is different from layered approach. In MDC each description can 
join independently. This is the reason for live video streaming to 
be multicast to group of users, MDC is an ideal candidate and be-
ing used in the real world. Another reason for preferring MDC is 
that, the descriptions are not tightly coupled as opposed to lay-
ered paradigm. Nevertheless, the complexity of MDC is higher 
than that of layered approach for the reason that the problem 
is combinatorial in nature. And MDC’s efficiency with respect 
to coding also less when compared with that of layered coding. 
This fact is demonstrated in [9] and [10]. This is the reason some 
sort of optimization is required in case of MDC video streaming 
to boost its performance further. Assigning bandwidth in this 
scenario with optimization is the problem solved in this paper. 
Optimal bandwidth problems were addressed in [11] and [12] 
with respect to MDC. However, our approach differs from them 
in many ways. Moreover we work on thresholds. It does mean 
that when bandwidth allocation is beyond or below that thresh-
old, we have algorithms to handle those issues. This is to achieve 
optimal description bandwidth allocation and increased user 
satisfaction. This research with this aim is the first time done on 
this issue. Performance is further improved in our approach as 
we are using a heuristic known as SAMBA. 

Given a complex problem our method provides best solu-
tion with lowest cost. Local optimization is only used in many 
conventional iterative algorithms while our approach, SMBA, 
makes use of global optimizations. Simulated annealing can be 

applied when four aspects are fulfilled [25]. They are definition 
of state, cost, transition function and schedule. General SAMBA 
algorithm is shown below. 

· Set initial state and temperature.
· Move from present state to neighbor state
· Repeat step 2 for number of times
· As per the annealing schedule, decrease the temperatureThe 

proposed framework provides enough change for the de-
sign and implementation of annealing module. There are 
two steps in transition function. In the first step system gets 
random pick of a neighboring state. Some practical exam-
ples provided in [13] where example considered is travel-
ling sales person. Similar kind of problem has been solved 
in [14] where neighborhood is considered related to tem-
perature. States are having transmission probabilities. The 
correct annealing schedule really depends in temperature. 

3. PROBLEM DEFINITION
The problem considered in this paper is video streaming with 
a group of users who need varied bandwidth requirements and 
the usage for MDC. Fig. 2 shows optimization model for MDC 
bandwidth allocation.

Fig. 2 – optimization model for MDC bandwidth assignment

As seen in fig. 2, the description bandwidth assignment algo-
rithm takes description numbers and bandwidth requirements 
as input and assigns optimal description bandwidth that im-
proves user satisfaction and performance. Now we deduce 
equations pertaining to optimal bandwidth allocation. User’s 
individual satisfaction is computed as

 →
Sind(d,cj) = f(αm rj).

The overall network satisfaction is computed as

 → n →

S(d) = Σj=1 wj Sind(d,cj)
 Σnj=1 wj

4. ALGORITHMS FOR OPTIMAL BANDWIDTH ALLOCATION
In this section we present the algorithms used to otimize de-
scritpin bandwidth allocation process. When description num-
ber is less than given threshold, we use an assignment algo-
rithm that is efficient that improves user satisfaction. We also 
use a heuristic by name SAMBA that is meant for solving more 
general case. 

4.1 Solution and Threshold
Assume those user bandwidths requirements change and con-
sider a, b are the maximum and minimum user bandwidth re-
quirements. In terms of h threshold value is calculated as
[log2 h] + 2.
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4.2 SAMBA
This section presents a heuristics known as SAMBA. It is espe-
cially used for a general problem when the description number 
is not greater than threshold given. This approach is as de-
scribed in [6]. In case if the threshold is less, then the problem 
is to search in m-dimensional space. This is done for optimal 
allocation of bandwidth to heterogeneous users. SAMBA has 
many states and a state is nothing but a vector with description 
bandwidths. Every state is allocated with an internal energy 
which is considered to be negative of satisfaction value. SAMBA 
is iterative in nature. Each node has a neighborhood given by 
radius. The neighbor is directly used by SAMBA in order to com-
pare states. A temperature field is considered in order to that 
is best example where it exponentially decreases as the given 
algorithm iterates. When neighborhood is larger, the radius is 
defined as

r = max{2, hT/1-e-1}. 

If the satisfaction of the target state is lower, transmission prob-
ability is smaller.

 → → → →

p(d,dt) = { 1, if S(dt) > S(d)

 → →

eS(dt)-S(d)/T, otherwise.

5. ILLUSTRATIVE SIMULATION RESULTS
Simulation results were evaluated by comparing exhaustive 
search with SAMBA. The latter always achieves optimality. Oth-
er bandwidth assignments schemes which are simple are also 
compared with SAMBA. 

Fig. 3 – Example bandwidth requirement distribution

As seen in fig. 3, every user has importance, in terms of weight. 
The probability value is between 0.0 to 1.0 representing mini-
mum and maximum values. In the graph X axis shows number 
of users while the Y axis shows the probability. 

Fig. 4 – Overall satisfaction vs. mean value for many schemes

As can be seen in fig. 4, it plots overall satisfaction vs. mean val-
ue based on the different schemes used for bandwidth assign-
ment. As shown SAMBA is not affected by changes. 

Fig. 5 – overall satisfaction vs. description number
As seen in fig. 5, the graph shows overall satisfaction with re-
spect to number of users. When number of users change, the 
satisfaction level is getting changed. 

Fig. 6 – Overall satisfaction vs. description number
As can be seen in fig. 6, overall satisfaction is taken in Y axis 
and the description number is provided in X axis. Therefore it is 
showing the overall satisfaction vs. description number. 

6. CONCLUSION
This paper presents an algorithm to assign description band-
width for MDC. The aim is to optimize the bandwidth alloca-
tion to heterogeneous users with varied requirements for live 
streaming of videos. We consider this as an optimization prob-
lem and the proposed algorithm addresses it. We also proposed 
a heuristic by name SAMBA for optimizing description band-
width assignment. The simulation results revealed that the pro-
posed algorithm achieves greater user satisfaction with respect 
to bandwidth allocation to large number of users.
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