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Abstract
One of the ways communication can be characterized is by the 
number of receivers targeted by a sender. Streaming video can be 
used for live or recorded events. Live or on-demand streaming 
is a time critical Multiple description coding (MDC) can be 
used to address this bandwidth heterogeneity issue. MDC has 
been widely used in media streaming to address the bandwidth 
heterogeneity issue. That is, the video source encodes data into 
multiple descriptions. At the receiver end, the streaming quality 
is proportional to the number of descriptions received. This Paper 
gives problem of optimal bandwidth assignment in ondemand 
streaming and how to optimally assign description bandwidth for 
MDC for video streaming to large group, so that their heterogeneous 
bandwidth requirements can be best satisfied. The optimum  
bandwidth allocation problem is an optimization problem and 
propose algorithms to address it and bandwidth optimization 
problem is NP- hard, by finding a polynomial reduction to the 
problem from the subset sum problem. Simulation results  shows 
that  achieves much better user satisfaction than other assignment 
methods and closely matches the optimum based on exhaustive 
search.
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I. Introduction
A generally-accepted minimum requirement for an algorithm to 
be considered ‘efficient’ is that its running time is polynomial: 
O(nc) for some constant c, where n is the size of the input.1 
Researchers recognized early on that not all problems can be 
solved this quickly, but we had a hard time figuring out exactly 
which ones could and which ones couldn’t. there are several so-
called NP-hard problems, which most people believe cannot be 
solved in polynomial time, even though nobody can prove a super-
polynomial lower bound.
To stream video to a large group of users, meeting heterogeneous 
bandwidth requirements presents a challenging problem. Such 
bandwidth requirement may differ by orders of magnitude, from 
hundreds of Kbits/s for mobile devices to tens of Mbits/s for 
high-definition TV. In order to serve all the users, obviously it is 
neither efficient nor feasible for the server to transcode the stream 
to each of the user bandwidths. A simple approach is to encode 
the video into a number of streams of different bitrates, which 
users join to best match their bandwidth requirements. Given the 
wide range of bandwidth requirements and limited number of 
video streams, this approach is clearly not satisfactory, resulting 
in many receivers getting a stream substantially lower than their 
bandwidth requirements. The next paragragh represents  much 
better approach is to use multiple description coding (MDC), 
which encodes the video into multiple independent “descriptions” 
of different bandwidth. The descriptions can be arbitrarily 
combined to best match user’s bandwidth requirement. Such 
approach provides many more options of video bitrates to meet 
different user requirements, e.g., m descriptions provide up to  

2m different video bitrates. A  user chooses to receive a set of 
descriptions, where the sum of their bandwidth best matches the 
user bandwidth requirement. With the penetration of broadband 
Internet access and advances in video compression techniques, 
there has been increasing interest in both stored and live video 
services. Websites like YouTube and MSN Video have offered 
numerous on-demand video clips. Online live TV streaming with 
the use of IP multicast or peer-to-peer (P2P) technology have also 
been widely deployed (e.g., AT&T IPTV, PPLive, Coop Net, and 
Split Stream).

Fig. 1: Video Streaming using MDC to Heterogeneous Users

We illustrate in fig. 1, video streaming using MDC to heterogeneous 
users. The video is encoded into m descriptions with bitrates 
d1,d2,,...,dm. The users, depending on their access bandwidth, get 
the descriptions that best match their bandwidth requirements so 
as to maximize their video quality.
This paper gives frame work algorithm for optimal allocation 
bandwidth to the user ondemand. The main contributions of the 
paper are:

A. Problem Formulation and Complexity Analysis
Given heterogeneous user bandwidth requirements and formulate 
an optimization problem for assigning bandwidth to each 
description so as to maximize overall user satisfaction. The user 
satisfaction is a function of coding efficiency as well as band-
width requirement. And prove that the optimization problem is 
NP-hard.

B. An Exact Solution for Description Number Larger Than 
a Certain Threshold
Bandwidth assignment problem is in general NP-hard. How-ever, 
when the number of descriptions is larger than or equal to a certain 
value (e.g., if the minimum and maximum bandwidth requirements 
are 100 kb/s and 10 Mb/s, respectively, such threshold is seven 
descriptions), we show that the problem can be  solved  exactly 
and  efficiently..
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This paper is organized as follows. Description of  review related 
work in Section II, and describe  problem formulation in Section 
III. In Section IV, shows an exact assignment method given 
description number not lower than the threshold,  section V, gives 
simulated results.Section VI, Conclude this paper.

II. Related Work 
In media streaming, the Internet’s intrinsic heterogeneity 
continues a challenging problem. End users may have different 
edge bandwidth for data receiving or forwarding, especially in 
large-scale streaming with hundreds of thousands of users. One 
traditional solution is to offer multi-rate video at the source side 
and to allow users to receive video data at different rates according 
to their respective bandwidth [4]. MDC is one example of multi-
rate video coding method . In MDC, data are encoded into several 
descriptions, which are independent of each other. When all the 
descriptions are received, the original data can be reconstructed 
without distortion. If only a subset of the descriptions are received, 
the quality of the reconstruction degrades gracefully. Therefore, 
in MDC, an end user can choose to receive the maximum number 
of descriptions under its edge bandwidth constraint.

A. Literature Review 
MDC has found numerous applications in video streaming [10]. 
Much of these previous works on MDC only focus on its error 
resilient techniques to ensure transmission robustness, and have 
not considered the assignment of description bandwidth to achieve 
system performance as investigated in this paper. 
Other methods used in multi rate video multicast include layered 
coding (or scalable video coding), where higher layer can be joined 
only if all the lower layers have been chosen. Performance analysis 
of layered coding and comparisons with MDC can be found in.  
In contrast to layered coding, each description in MDC can be 
joined or left independently. This flexibility makes MDC a very 
good candidate to match heterogeneous video streaming rate 
requirements. 
The work in [21] has addressed optimal bandwidth assignment 
problem for MDC. We differ here in several major ways. Firstly, 
our paper provides more general formulation with coding 
efficiency consideration. Furthermore, we show that when the 
description number is no less than a certain threshold, there is a 
simple and efficient algorithm to achieve exact optimum which 
matches all the bandwidth requirements in the network. We also 
show that there is an optimal description number to achieve the 
best user satisfaction, which has never been studied in the literature 
before. Our approach based on simulated annealing is efficient 
and achieves performance close to exhaustive search.
In this paper, we study optimal bandwidth assignment for 
descriptions given heterogeneous bandwidth requirements. 
We expect an optimal assignment because of the following: 
if description bandwidths are set too high, the low-bandwidth 
receivers may not benefit from them (as joining them may exceed 
their bandwidth), leading to low video quality. On the other hand, 
if description bandwidths are set too low, those high-bandwidth 
receivers may not be able to fulfill their bandwidth by joining 
them, leading again to low video quality. Therefore, we expect 
optimal description bandwidths to achieve the best overall video 
quality.

III. Problem Formulation
Consider a video stream to be accessed by a large pool of users 
with heterogeneous bandwidth requirements. In fig. 2, we show 

the optimization being done at the server. The server en-codes 
the stream into multiple descriptions, given the description 
number. User has bandwidth requirement and a certain importance 
according to a weight value.

Fig. 2: Optimization Model for MDC Bandwidth Assignment

Table 1: Major Symbols Used in the Paper and their Explana-
tions

A decision problem is a problem whose output is a single boolean 
value: YES or NO. Let me define three classes of decision 
problems:
P is the set of decision problems that can be solved in polynomial 
time. 3 Intuitively, P is the set of problems that can be solved 
quickly.
 NP is the set of decision problems with the following property: 
If the answer is YES, then there is a proof of this fact that can be 
checked in polynomial time. Intuitively, NP is the set of decision 
problems where we can verify a YES answer quickly if we have 
the solution in front of us.
co-NP is the opposite of NP. If the answer to a problem in co-NP 
is NO, then there is a proof of this fact that can be checked in 
polynomial time. For example, the circuit satisfiability problem 
is in NP. If the answer is YES, then any set of m input values 
that produces TRUE output is a proof of this fact; we can check 
the proof by evaluating the circuit. in polynomial time. It is 
widely believed that circuit satisfiability is not in P or in co-
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NP, but nobody actually knows. Every decision problem in P is 
also in NP. If a problem is in P, we can verify YES answers in 
polynomial time recomputing the answer from scratch! Similarly, 
any problem in P is also in co-NP. One of the most important 
open questions in theoretical computer science is whether or not 
P = NP. Nobody knows. Intuitively, it should be obvious that P 
!= NP; the homeworks and exams in this class and others have 
(I hope) convinced you that problems can be incredibly hard to 
solve, even when the solutions are obvious in retrospect. But 
nobody knows how to prove it.
A more subtle but still open question is whether NP and co-NP 
are different. Even if we can verify every YES answer quickly, 
there’s no reason to think that we can also verify NO answers 
quickly. For example, as far as we know, there is no short proof 
that a boolean circuit is not satisfiable. It is generally believed 
that NP != co-NP, but nobody knows how to prove it.

IV. Algorithms for Optimal Assignment of Description 
Bandwidths
In Section IV, we present the threshold value for description 
number. We show that when the description number is no less than 
the threshold, there is a simple and efficient assignment algorithm 
to match all the user bandwidth requirements. In Section IV-B, 
we present an efficient heuristic SAMBA to assign description 
bandwidth for the more general case.

A. Threshold and the Exact Solution
Consider that user bandwidth requirement ranges in [a,b], where a 
and b are the maximum and minimum user bandwidth requirement, 
i.e., a=minj cj and b = maxj cj.
Let us first consider the simple case where a is equal to one (i.e., 
equal to the basic unit). All the values in [a,b] can be converted 
to a binary number by changing base to 2. The number of binary 
digits for a particular value is bounded by the number of digits 
of b in binary form, which is clearly [log2 b] + 1.
A binary number can be regarded as a linear combination of 2’s 
powers with coefficients either 0 or 1. For example, the binary 
form of 25 is 11001. If the description bandwidth is assigned to be 
a power of 2 (i.e., 1, 2, 22, 23,. . . ., 2m-1), then the binary form of 
the bandwidth requirement represents exactly the joining choice, 
with coefficient 1 to join the corresponding description and 0 
otherwise. As in the example above, the user with bandwidth 
25 units will choose to join descriptions with bandwidth 16, 8 
and 1 units. The maximum number of binary digits indicates the 
description number, which is [log2 b] + 1. 
It simply takes O(m) computations to decide the bandwidths for 
the descriptions, given m is no less than the threshold.

B. SAMBA 
In this section , we present an efficient heuristic SAMBA to solve 
the general problem when description number m is no larger than 
the threshold. 
If m is less than the threshold, the problem is to search in 
an m-dimentional integer space for the optimal description 
bandwidths. The search space is discrete and finite, because each 
description can only take integral bandwidth no larger than the 
maximum bandwidth requirement in the network. This condition 
makes it feasible to adopt simulated annealing algorithm (Section 
II-B) to solve the problem.  

V. Illustrative Simulation Results
In this section, we present illustrative simulation results to show the 
efficiency of our algorithm. In Section V-A, we describe simulation 
environment. In Section V-B, we compare SAMBA with other 
bandwidth assignment schemes and examine the influence of some 
important factors.

A. Simulation Environment and Parameters
In our simulation, we have compare SAMBA with exhaustive 
search, which always achieves the optimum. Besides, we have 
also compared SAMBA with other simple bandwidth assignment 
schemes, which include uniform assignment (in which all the 
descriptions have the same bandwidth), linear assignment (in 
which the description bandwidth is linearly increased), exponential 
assignment (in which the description bandwidth is exponentially 
increased), and random assignment (which randomly assigns 
bandwidth for each description).

B. Illustrative Results  
Fig. 4, plots the overall satisfaction S versus heterogeneity factor 
h given different bandwidth assignment schemes. The satisfaction 
S is decreasing with h. This is because it becomes more difficult 
to match the bandwidth requirements if heterogeneity factor gets 
higher. In the graph, for each h, overall satisfaction given by 
SAMBA overlaps with that given by the other schemes. SAMBA 
performs virtually the same as exhaustive search. Exponential 
assignment performs better than uniform assignment, random 
assignment, and linear assignment when h is not large. Besides, 
random assignment and linear assignment have the similar 
performance and uniform assignment has the better performance 
than them.

Fig. 3: Example Bandwidth Requirement Distribution c ~ NT (10, 
5).

Fig. 4: Overall Satisfaction (S) Versus Heterogeneity Factor h 
Given Different Schemes



IJCST Vol. 3, ISSue 3, July - SepT 2012  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 1172   InternatIonal Journal of Computer SCIenCe and teChnology

Fig. 5: Overall Satisfaction (S) Versus Mean Value (µ) Given 
Different Scheme

Fig. 5, plots the overall satisfaction S versus the mean value µ 
given different bandwidth assignment schemes. If a scheme is 
robust to the variation of bandwidth requirement distribution, 
its overall satisfaction should not change much with different µ. 
However, S given by the other schemes is lower when µ is small. 
The comparison shows SAMBA performs as well as exhaustive 
search and is robust when the bandwidth requirement distribution 
changes. Besides, exponential assignment performs better than 
uniform assignment and much better than linear assignment and 
random assignment. Linear assignment and random assignment 
have the similar performance.

Fig. 6.  Overall Satisfaction (S) Versus Description Number (m) 
Given Different Schemes
Fig. 6, plots the overall satisfaction S versus number of descriptions 
m given different bandwidth assignment schemes. The overall 
satisfaction S increases with m. This is because more descriptions 
can provide more options of bitrates to meet heterogeneous user 
bandwidth requirements. For each m, SAMBA performs as well 
as exhaustive search and much better than the other schemes. The 
satisfactions of SAMBA finally settle to a value, because all the 
bandwidth requirements are fully matched after m reaches the 
threshold. Exponential assignment achieves the same performance 
after m reaches the threshold. This is because, in this case, the 
exact assignment in Section IV-A is optimal and its descriptions 
have exponentially increasing bandwidths. Uniform assignment, 
linear assignment, and random assignment have the similar 
performance.

Fig. 7: Overall Satisfaction(S) Versus Description Number (m) 
Given .

We next examine the influence of coding efficiency. Fig. 7, plots 
the overall satisfaction  versus number of descriptions  given 
different  . Given decreasing coding efficiency (  less than 1), 
the overall satisfaction first increases with  and then decreases 
with . The reason is as follows. When  is small, satisfaction is 
low because the bandwidth requirements are badly matched (i.e., 

 is small). When  is large, satisfaction is also low because the 
coding efficiency is low (i.e.,  is small). Therefore, we expect 
the optimal  when the effect of decreasing coding efficiency and 
the effect of better bandwidth matching balances with each other. 
From the figure, we observe that the optimal  becomes smaller 
when coding efficiency de-creases faster (i.e.,  is smaller). In the 
MDC implementation,  should be chosen according to .

Fig. 8: Overall Satisfaction(S) Versus Description Number (m) 
given k.
We then examine the influence of  (the coefficient to model 
satisfaction function ). Fig. 8 plots the overall satisfaction  versus 
description number  given different .  first increases with  
then decreases with . This is due to decreasing coding efficiency 
(with ). And the optimal  is depending on the choice of . 
The reason is as follows. Function  has different convexity with 
different k. When f is convex ( k= 2), the satisfaction increases 
more rapidly when the bandwidth matching factor rj approaches 1. 
In this case, users emphasize more on high quality service. In the 
other case, when f is concave ( k= 0.5), the satisfaction increases 
more rapidly when  rj is small, which implies users emphasize 
more on the availability of the content. As a result, optimal m 
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may change given different k. for each m, satisfaction is lower if 
k=2, because x2 ≤ x0.5 for any x € [0,1].

Table 2: Description Bandwidths Assigned by Samba

Table 2, shows the description bandwidths assigned by SAMBA 
and the corresponding overall satisfaction, given the above three 
different bandwidth requirement distributions. Note that most of 
the users are with bandwidth requirement around the mean of the 
corresponding distribution. It is easy to see that the assignment as 
shown by each tow significantly reduces the bandwidth mismatch 
for these users.

VI. Conclusion
This paper  proved that the formulated optimization problem 
is NP-hard, by finding a polynomial reduction to the problem 
from the subset sum problem. We show that when the description 
number is no smaller than a certain threshold, simple and efficient 
assignment algorithm of run-time complexity of can fully match all 
the bandwidth requirements. For the general case when is less than 
the threshold, we have proposed and studied the heuristic SAMBA, 
which uses simulated annealing to efficiently find the optimal 
description bandwidth assignment. Furthermore, there exists an 
optimal choice for description number to achieve maximum user 
satisfaction.
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