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Abstract
For real-time video data broadcast where multiple users are 
interested in the same content, mobile-to-mobile cooperation can 
be utilized to improve delivery efficiency and reduce network 
utilization. Under such cooperation, however, real-time video 
data transmission requires end-to-end delay bounds. Due to 
the inherently stochastic nature of wireless fading channels, 
deterministic delay bounds are prohibitively difficult to guarantee. 
For a scalable video structure, an alternative is to provide statistical 
guarantees using the concept of effective capacity/bandwidth by 
deriving quality of service exponents for each video layer. Using this 
concept, we formulate the resource allocation problem for general 
multihop multicast network flows and derive the optimal solution 
that minimizes the total energy consumption while guaranteeing a 
statistical end-to-end delay bound on each network path. A method 
is described to compute the optimal resource allocation at each node 
in a distributed fashion. Furthermore, we propose low complexity 
approximation algorithms for Optimization flow selection from 
the set of directed acyclic graphs forming the candidate network 
flows. The flow selection and resource allocation process is 
adapted for each video frame according to the channel conditions 
on the network links. Considering different network topologies, 
results demonstrate that the proposed resource allocation and flow 
selection algorithms provide notable performance gains with small 
optimality gaps at a low computational cost.
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I. Introduction
The real-time nature of video data broadcast demands quality 
of-service (QoS) guarantees such as delay bounds for end-user 
satisfaction. Given the bit rate requirements of such services, 
delivery efficiency is another key objective. The H.264/AVC video 
coding standard is designed to provide high coding efficiency 
that is suitable for wireless video data transmission. To provide 
a network-friendly design, the scalable video coding (SVC) 
extension of H.264 Allows rate scalability at the bit stream level 
by generating embedded bit-streams that are partially decodable 
at different bitrates with degrading quality. 
For scalable video transmission, a set of QoS exponents for each 
video layer are obtained by applying the effective bandwidth/
capacity analyses on the incoming video stream to characterize 
the delay requirement. The problem of providing statistical delay 
bounds for layered video transmission over single hop unicast and 
multicast links. Cooperation among mobile devices in wireless 
networks has the potential to provide notable performance gains 
interms of increasing the network throughput, extending the 
network coverage, decreasing the end-user communication cost, 
and decreasing the energy consumption. In MSs are assumed to be 
connected to several wireless networks with different characteristics 
in terms of bandwidth, packet loss probability, and transmission 
cost. A near-optimal solution is shown to reduce end-user cost 
while meeting distortion and delay constraints. The advantages 
of cooperation among mobile devices in wireless networks have 

been also revealed for video streaming applications.
 The authors propose distributed video scheduling schemes 
formulti-radio multichip wireless networks to minimize video 
distortion and ensure distortion-fairness sharing among multiple 
description video streams. The distortion model is constructed to 
provide a balance between the selfish motivation of minimizing 
video distortion and the global motivation of minimizing video 
distortion and the global performance of minimizing network 
congestion. Minimizing energy consumption in battery-operated 
mobile devices is essential for the development of next generation 
heterogeneous wireless communications systems. Enhancement 
schemes and communication architectures with cooperation 
among mobile devices to reduce energy consumption appear 
extensively in the literature. 
The problem of resource allocation with statistical QoS guarantees 
and optimized energy consumption over cooperative networks 
with general topologies has not been tackled yet in the literature. 
While the working addresses optimized rate allocation and routing 
over Mutual wireless networks, it is fundamentally different from 
our work since we consider minimizing energy consumption in 
mobile terminals as the central objective, providing statistical 
delay guarantees, and capturing layered video content with QoS 
requirements per layer. 
In this work, we develop optimized flow selection and resource 
allocation schemes that can provide end-to-end statistical 
delay bounds and minimized energy consumption for video 
Dissemination over Mutual wireless networks. The network flow 
for video content Dissemination can be any sequential multichip 
multicast tree forming a directed acyclic graph that spans the 
network topology.
We model the queuing behavior of the Mutual network according 
to the effective capacity link layer model. Based on this model, 
we formulate and solve the flow resource allocation problem to 
minimize the total energy consumption subject to end-to-end delay 
bounds on each network path. 
Moreover, we propose two approximation algorithms to solve the 
flow selection problem which involves selecting the optimal flow 
in terms of minimizing energy consumption.
The first algorithm uses negated signal-to-noise ratios as link 
weights on the complete network graph, finds the minimum 
spanning tree using those weights to maximize the sum rate, and 
performs optimal resource allocation on the flow corresponding 
to the obtained tree structure. 
The second algorithm maintains a set of dominant flows that 
are optimal for a potentially large percentage of channel states 
undera certain network topology and performs flow selection 
on that dominant set. By updating the optimal allocation and 
flow selection iteratively in each time frame according to the 
instantaneous channel states, we effectively reselect the best 
network flow and reconfigure the service process on each link to 
provide optimized end-to-end transport. 

II. Mutual Network Model
The proposed system model consists of a base station (BS), 
denoted by M0, and K MSs M1,  . . . ,MK which are capable of 
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transmitting, receiving, or relaying a scalable video bit stream. 
The BS is responsible for distributing the same multi-layer video 
stream to the MSs over wireless fading channels. We define a flow 
as a tree of adjacent links that represents consecutive unicast/
multicast transmissions. We are given a set of N candidate flows 
where the nth flow is defined by a set of links Fn which form a 
Directed Acyclic Tree (DAG).
Fig. 1(a) shows an example network with seven MSs and a fixed 
network flow used to explain the system model.

Fig. 1: System Model

The video stream generated by the scalable video codec consists 
of L video layers. Each layer maintains a separate queue at each 
node and has specific QoS requirements according to its relevance 
in the decoding process.
Fig. 1(b) shows the time frame structure corresponding to the fixed 
network flow in fig. 1(a) for explanation purposes.

III. Approximation Agorithms for Flow Selection
Finding the globally optimal Dissemination strategy requires 
converting each of the (K + 1)K - 1 Prufer sequences into a spanning 
tree and finding the minimal energy consumption using that tree 
structure, then choosing the tree that minimizes energy consumption 
among all candidates, and allocating resources accordingly. In this 
section, we propose two approximation algorithms to reduce the 
complexity involved in choosing the best flow for a given fading 
state. 
The objective of the proposed algorithms is to avoid searching 
through the exponential number of possible tree structures. The 
first algorithm uses negated SNRs as link weights on the complete 
network graph, and finds the minimum spanning tree using these 
weights. The second algorithm is based on selecting a set of 
dominant flows that are optimal for a large percentage of fading 
states for a given network topology.

A. Minimum Spanning Tree Flow Selection
To find a suitable flow without using brute force, we should deal 
with network variables that are independent of the flow structure 
so that the flow choice is done independently and prior to resource 
allocation. While it is tempting to construct the spanning tree 
using link weights that take into account the energy consumption 
required to transmit on the link, this is not possible because the 
energy consumption requirement is a function of the resource 
allocation strategy and the set of multicast receivers on that link, 
which are both specific to the choice of the network flow. The 
network variable that can be readily used is the instantaneous 
link SNR.

For video frame j, given the fading state , 
we construct the complete network graph with edge weights- 
γk,k'[j]  on the link between nodes Mk and Mk’. We then use Prim’s 
algorithm to obtain the minimum spanning tree. The spanning tree 
is mapped to the corresponding directed acyclic graph representing 
the network flow, and wireless resources are allocated on that 
flow according to the convex problem in through to minimize 
total energy consumption. The chosen flow under this strategy 
maximizes the sum SNR over the network links, or equivalently 
the sum rate because the shannon rate is a concave function of 
the SNR. Note that the chosen flow is not necessarily throughput 
optimal because the actual rate on the link between nodes Mk and 
Mk’ is not determined by γk,k' [j].

B. Dominant Set Flow Selection
The second approximation algorithm is based on the observation 
that most of the network flows can only be optimal for a small 
percentage of the fading states corresponding to extreme 
instantaneous SNRs on the network links. We thus attempt to 
reduce the number of candidates by taking into account the 
network flows that collectively correspond to a large percentage 
of the fading states. We refer to this set of network flows as the 
dominant set. Since we employ a block-fading model, the flows 
that are optimal in a percentage p of the fading states are also 
optimal in a percentage p of the video frames for an asymptotically 
large number of video frames. 
Thus, we can estimate the dominant set using an offline simulation 
of the brute force algorithm. After running the offline brute force 
simulation for a large number of frames, we obtain statistics on the 
flow usage. We sort the flows by percentage of usage and select 
the sorted flows in descending order such that the total usage of 
the selected set is greater than a threshold.
Using this approximation scheme, we can achieve solutions 
asymptotically close to the optimal solution. In fact, we will show 
that this algorithm exhibits better performance than the first one 
at a higher computational cost.

IV. Conclusion
We derived the optimal resource allocation solution for scalable 
video Dissemination over Mutual multihop networks to minimize 
the total energy consumption subject to end-to-end statistical delay 
bounds per network path. The problem solution is used to identify 
optimized energy efficient flows consisting of hybrid unicast/
multicast links to ensure reliable delivery of the video content 
to all requesting mobile terminals. The problem solution adapts 
the flow selection and resource allocation in each time frame 
according to the varying channel conditions in the network. Two 
low complexity approximation algorithms for flow selection are 
proposed and studied in terms of performance and complexity. 
Results demonstrate notable gains in energy consumption reduction 
close to the optimal solution for various network topologies.
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