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Abstract 

 In this project we studies the problem of congestion control and scheduling in ad hoc wireless networks that have to 
support a mixture of best-effort and real-time traffic. As wireless networks become more prevalent, they will be expected to 
support a wide variety of services, including best-effort and real-time traffic. Such networks will have to serve flows that 
require quality-of-service (QoS) requirements, such as minimum bandwidth and maximum delay constraints, while at the same 
time keeping the network queues stable for data traffic and guaranteeing throughput optimality. Optimization and stochastic 
network theory have been successful in designing architectures for fair resource allocation to meet long-term throughput 
demands The solution to the problem results in a joint congestion control and scheduling algorithm that fairly allocates 
resources.  The model was developed for general interference graphs, general arrivals, and time-varying channels. Using a 
dual-function approach, we presented a decomposition of the problem into an online algorithm that is able to make optimal 
decisions while keeping the network stable and fulfilling QoS constraints. 

1. Introduction 

 The wireless channel is a shared medium over which many users compete for resources. Since there are many users, it 
is important to allocate this shared resource in a fair manner among the users. Further, since the available spectrum is limited, 
it is also important to efficiently use the channel. However, the time-varying nature of the wireless environment, coupled with 
different channel conditions for different users, poses significant challenges to accomplishing these goals. Moreover, the lack 
of availability of channel and arrival statistics further complicates the solution. We will primarily restrict our attention to the 
downlink in cellular networks where there is a base station that allocates resources to many competing users. We assume that 
the packets destined for the different receivers are stored in separate queues. The scheduler at the base station is responsible for 
allocating resources to the different queues as a function of the current channel conditions as well as the queue-lengths. Prior 
work on this problem can be largely classified into two main categories Throughput-optimal scheduling. 

 Here it is assumed that the mean arrival rates of the packets into each queue lie within the capacity region (the set of 
sustainable arrival rates) of the channel. However, neither the actual arrival rates nor the channel capacity region is assumed to 
be known. The scheduler is allowed to know the current queue-lengths and the current channel conditions. It was then shown 
in that allocating resources to maximize a queue-length-weighted sum of the rates (which are feasible in the current time slot) 
is a stabilizing policy. This result was then generalized in many different directions .Such policies are called throughput 
optimal since the queues are stable if the arrival rates lie within the capacity region. air Scheduling: An obvious drawback of 
throughput optimal policies is that no traffic policing is enforced. For instance, if one or more sources misbehave and increase 
their arrival rates so that the set of arrival rates lies outside the capacity region, then the system becomes unstable. 
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 In other words, all flows will be penalized due to the behavior of a few misbehaving flows. Thus, an alternative is to 
provide some degree of flow isolation at least in the long term, by allocating resources in a fair manner to the various queues. 
A commonly-used framework for such allocation is the concept of proportional fairness. It was shown in that proportional 
fairness can be achieved in TDMA cellular networks by scheduling the user which has the largest ratio of the achievable data 
rate at the current instant to the average rate that it has been allocated so far. The properties of such a policy have been studied 
empirically and analytically and a multiple antenna implementation of such an algorithm over slowly time-varying channels 
has been proposed.  

 Related work on channel-state-aware scheduling in wireless networks can also be found, from an applications point of 
view, throughput-optimal scheduling as described above is more suitable for inelastic traffic where the sources do not adapt 
their transmission rate based on congestion in the network. In this case, admission control is required to ensure that the arrival 
rates lie within the capacity region of the network and further, in the case of wireless networks, due to the time-varying nature 
of the network, an appropriate scheduling algorithm is required to ensure that the network can stably serve the admitted traffic. 
On the other hand, fair scheduling is more suited for elastic traffic sources which can adjust their traffic rates in response to 
feedback from the network regarding the network conditions. Without such a rate-control mechanism, fair scheduling would 
either lead to under utilization (when a traffic source is not generating enough data to make use of the bandwidth allocated to 
it) or packet losses or large delays (when a traffic source is generating data at a much larger rate than the rate allocated to it by 
the base station). 

 In wire line networks, this interpretation of queue-length (or delay) as the congestion price naturally arises from a 
convex optimization perspective where the resource constraints are linear. However, in wireless networks, this interpretation is 
not immediately obvious since the resource constraints are not necessarily linear. Despite this, we show that the dual algorithm 
at the sources, along with queue-length-based scheduling at the base station, can be used to approximate m-weighted fairness 
arbitrarily closely, where the approximation depends on the choice of a certain parameter used in the congestion control 
algorithm.  

 In this paper, we restrict ourselves to the dual algorithm. The problem studied in this paper has also been considered 
.The results are independent and contemporaneous to our work. However, the solution proposed is quite different. The solution 
uses a greedy source rate update rule while we use a static update rule as we will see later. 

1.1  Purpose of the Project 

 We study in this paper builds upon the recent work on admission control and scheduling for inelastic flows in 
collocated wireless networks. Among the many contributions in these papers is a key modeling innovation whereby the 
network is studied in frames, where a frame is a contiguous set of time slots of fixed duration. Packets with deadlines are 
assumed to arrive at the beginning of a frame and have to be served by the end of the frame. In this paper, we explore this 
modeling paradigm further to study the design of resource allocation algorithms for ad hoc networks. The frame-based model 
allows us to incorporate delay deadlines in the optimization framework for very general network models and, somewhat 
surprisingly, allows us to design a common framework for handling both elastic and inelastic flows. The main contributions of 
the paper are as follows. 

1) We present an optimization framework for resource allocation in a wireless network consisting of both best-effort flows and 
flows that generate traffic with per-packet delay constraints. The framework allows for very general interference, channel, and 
arrival models. 

2) We characterize the capacity region for wireless networks when there is inelastic traffic. Specifically, we show that the 
capacity region not only depends on the statistics of the channel as is the case when there is only elastic traffic, but it also 
depends on the probability distribution of the inelastic arrivals. 

3) Using a dual decomposition approach, we derive an optimal scheduling and congestion control algorithm that fairly 
allocates resources and ensures that a required fraction of each inelastic flow’s packets are delivered on time by appealing to 
connections between Lagrange multipliers, queues, and service deficits. The scheduling algorithm seamlessly integrates 
inelastic and elastic traffic into a unified max-weight scheduling framework, extending the well-known results. 

4) The convergence of the above algorithm in an appropriate stochastic sense is proved. 
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1.2  Overview of the Project 

 In this paper, we have presented an optimization framework for the problem of congestion control and scheduling of 
elastic and inelastic traffic in ad hoc wireless networks. The model was developed for general interference graphs, general 
arrivals, and time-varying channels. Using a dual-function approach, we presented a decomposition of the problem into an 
online algorithm that is able to make optimal decisions while keeping the network stable and fulfilling the inelastic flow’s QoS 
constraints. A key result is that, through the use of deficit counters, one can treat the scheduling problem for elastic and 
inelastic flows in a common framework. It is also interesting to note that the deficit counters introduced have the interpretation 
of Lagrange multipliers. Simulations corroborate our results and show the dependency of the performance of the algorithm on 
the auxiliary parameter and its role into assigning resources to both elastic and inelastic traffic 

1.3  Organization of the project 

Chapter 2: Deals with the literature review done for 
this project work.  

Chapter 3: focuses about the overview of the existing 
work.  

Chapter 4: Discusses about the module detailed 
description of project.  

Chapter 5: Discuss about the experimental results.  

Chapter 6: Presents the conclusion and discusses the 
enhancement that can be made in the future. 

2. Related Work 

 “Fair resource allocation in wireless networks using queue-length-based scheduling and congestion control”, (Atilla Eryilmaz 
and R. Srikant)  

 To propose the queue-lengths. Prior work on this problem can be largely classified into two main categories: 
Throughput-optimal scheduling: Here it is assumed that the mean arrival rates of the packets into each queue lie within the 
capacity region (the set of sustainable arrival rates) of the channel. However, neither the actual arrival rates nor the channel 
capacity region is assumed to be known. The scheduler is allowed to know the current queue-lengths and the current channel 
conditions. It was that allocating resources to maximize a queue-length-weighted sum of the rates (which are feasible in the 
current time slot) is a stabilizing policy. This result was then generalized in many different directions .Such policies are called 
throughput optimal since the queues are stable if the arrival rates lie within the capacity region. Fair Scheduling: An obvious 
drawback of throughput optimal policies is that no traffic policing is enforced. For instance, if one or more sources misbehave 
and increase their arrival rates so that the set of arrival rates lies outside the capacity region, then the system becomes unstable. 
In other words, all flows will be penalized due to the behavior of a few misbehaving flows. Thus, an alternative is to provide 
some degree of flow isolation at least in the long term, by allocating resources in a fair manner to the various queues. A 
commonly-used framework for such allocation is the concept of proportional fairness . It was  that proportional fairness can be 
achieved in TDMA cellular networks by scheduling the user which has the largest ratio of the achievable data rate at the 
current instant to the average rate that it has been allocated so far. The properties of such a policy have been studied 
empirically and a multiple antenna implementation of such an algorithm over slowly time-varying channels has been proposed 
related work on channel-state-aware scheduling in wireless networks can also be found. 

“Joint rate control and scheduling in multihop wireless networks” (Xiaojun Lin and Ness B. Shroff)  

 To propose both analytical and numerical results that the proposed mechanism can effectively reduce the queue 
length and the packet delay inside the network. The most computationally expensive part of the solution is to find the schedule 
that maximizes the total weighted link capacity at each iteration. To propose a Dynamic Routing and Power Control (DRPC) 
policy. As long as the exogenous data rates fall within the capacity region, the DRPC policy can schedule radio transmissions 
such that the system is stable (i.e., all queues inside the network remain finite). The DRPC policy generalizes the result. A 
related scheduling policy that also minimizes power consumption is studied .An issue that has not been treated thoroughly in 
the literature is how to control the data rates of the applications so that they fall within the capacity region. In future wireless 
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networks, more and more applications will be data-oriented. Such applications are elastic, i.e., they can transmit data over a 
wide range of data rates. A network without an appropriate rate control mechanism could perform poorly in practice. 
Although, in theory, a dynamic scheduling policy1 such as DRPC can ensure a bounded queue length whenever the long term 
exogenous demand is within the capacity region, the queue length can still be very large if the data rates chosen by the 
applications are bursts. Large queue lengths will either result in large delays, or, when the buffer size is limited, lead to a large 
amount of packet losses in the network. Both will negatively affect the quality of service experienced by the users. Further, in 
a network without rate control, a user could potentially monopolize the network resources by pouring large amounts of data 
into the network, which not only causes congestion but also unfairness towards the other users. Hence, developing a solid rate 
control strategy is important for the efficient management of future wireless networks. The objective of rate control is two-
fold: to fully utilize the available capacity of the network, and to ensure fairness and good quality of service for the users. 

  “Maximizing queueing network utility subject to stability:Greedy primal-dual algorithm”  (ALEXANDER L. 
STOLYAR)  

 To propose the dynamic control algorithm, called Greedy Primal-Dual (GPD) algorithm, which solves the above 
problem (asymptotically, as described shortly), under the natural assumption that, roughly speaking, it is feasible at all to keep 
the network stable (even if we ignore utility optimization). As we will see, the algorithm is very parsimonious, and naturally 
decomposes to become a decentralized algorithm in special cases when different network elements can make “their own” 
control decisions independently. Since both commodity generation and queuing control actions depend on a chosen network 
control action, our model accommodates, in general, scenarios in which “currently available” choices of commodity 
generation rates, traffic arrival and service rates, and routing are mutually interdependent in arbitrary way. As we will see, this 
feature is very useful in modeling many systems arising in applications. In applications, different commodity types may have 
different meanings, and some of the commodities may be “physical” and some “virtual.” In telecommunication systems a 
commodity may be a traffic flow, which may (or may not) need to go through and be processed by the processing network 
(this is modelled by “coupling” the generated commodity amounts and amounts of arrived traffic to some nodes). A 
commodity may also correspond to a monetary award (or penalty), associated with a control action. Or, going back to 
telecommunications and in particular wireless systems, a commodity may be energy or power consumed by a control action. 
Thus, a commodity may be virtual in the sense that it serves simply to keep track of and optimize certain performance 
measures. For example, the GPD algorithm can be used to control a queueing network at the lowest average cost (or power 
consumption), while keeping queues stable. 

 “Joint congestion control, routing and mac for stability and fairness in wireless networks”  (Atilla Eryilmaz, Member, 
and R. Srikant, Fellow) 

 To propose and study rate control algorithms that adapts the flow rates instantaneously as a function of the entry 
queue-lengths. The rate control mechanism studied in all of these works can be categorized as the Dual Congestion Controller 
since it can be interpreted as a gradient algorithm for the dual of an optimization problem. The intrinsic assumption of the dual 
congestion control mechanism is that the flow rates can be changed instantaneously in response to congestion feedback in the 
network. However, it is well known that adaptive window flow control mechanisms such as TCP respond to congestion 
feedback not instantaneously, but gradually. Such a response is desired by practitioners because the rate fluctuations are small. 
Thus, the study of another algorithm that modifies the flow rates gradually is important. To this end, we propose and study the 
so called Primal-Dual Congestion Controller in this work. Primal-dual algorithms are well known in the optimization literature 
and have been studied extensively in different contexts. Since the response of the primal-dual controller is more gradual 
compared to the dual controller, it is not immediately clear as to whether the buffer stability and rate convergence properties 
will be maintained. We note that the algorithm considered in updates its rates. In users’ data rates are still determined 
instantaneously as a function of the buffer occupancies and channel conditions, but an average flow rate is maintained for each 
user and used in the algorithm. On the other hand, in our work, we update the data rates to mimic the characteristics of widely-
used versions of TCP. Further, the proof technique used  is quite different from ours, and our algorithm can be directly 
interpreted as a gradient algorithm for a primal optimization problem that is implemented at the sources and and a gradient 
algorithm for a dual optimization problem that is implemented at the nodes Here, it must be stressed that even though the 
congestion control is distributed, the scheduling is still assumed to be centralized in this work. Finally, we note that a related, 
but different, problem has been considered where a distributed algorithm has been designed to route inelastic flows to 
minimize delay costs in a wireless network. 

 “Cross-layer congestion control, routing and scheduling design in ad hoc wireless networks,” (Lijun Chen, Steven H. 
Low , Mung Chiang and John C. Doyle) 
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 To propose dual decomposition, we derive a sub-gradient algorithm that is not only distributed spatially, but more 
interestingly, decomposes the system problem vertically into three protocol layers where congestion control, routing and 
scheduling jointly solve the network utility maximization problem. We also extend the dual algorithm to handle the network 
with time-varying channel and adaptive multi-rate devices, and surprisingly show that, despite stochastic channel variation, it 
solves an ideal reference system problem which has the best feasible rate region at link layer. Dual algorithms for convex 
optimization formulations of generalized network utility maximization have found many applications recently for both 
deterministic and connection level stochastic models. We show that, for a large class of such convex optimization problems, 
stability and average performance are not affected by channel-level stochastic models. This provides a general technique to 
carry out optimization based network designs in a time-varying environment. 

  “A tutorial on cross-layer optimization in wireless networks,” (Xiaojun Lin, Ness B. Shroff, Srikant) 

 To propose approach is that the algorithms obtained from this clean-slate design naturally map to different layers of 
the protocol stack: congestion control at the transport layer, routing at the network layer, and scheduling/power control at the 
MAC/PHY layer. A key difference between existing network architectures and the optimization approach is that the 
optimization approach also clearly delineates the interactions necessary between the various layers to achieve optimal 
performance. While the progress in this area has been substantial over the last few years, there are still several open problems, 
especially in the area of multihop wireless networks, where scalability becomes a critical issue. Propagation delays and 
connection-level stability analysis: While the focus of much of this paper is on resource allocation in networks with a fixed 
number of users, we had discussed connection arrivals and departures in the context of imperfect schedules. Traffic arriving at 
all nodes on the route instantaneously: the node-centric formulation of the resource allocation problem in multi-hop wireless 
networks was able to model packets traversing the nodes in the network one at a time. However, in the link-centric 
formulation, we have assumed that routes were pre-computed and a packet arrives at all the links on its path simultaneously. 

  “Downlink wireless packet scheduling with deadlines,” (Qingwen Liu, Xin Wang, Member, IEEE, and Georgios B. 
Giannakis) 

 To proposed cross-layer scheduling algorithm at the MAC layer for multiple connections with diverse QoS 
requirements, which can be used in cellular networks, mobile ad hoc networks, and wireless sensor networks. Each connection 
admitted in the system is assigned a priority, which is updated dynamically depending on its channel quality, QoS satisfaction, 
and service priority; thus, the connection with the highest priority is scheduled first each time. Our proposed scheduler offers 
prescribed delay, and rate guarantees for real time and non real-time traffic; at the same time, it uses the wireless bandwidth 
efficiently by exploiting multiuser diversity among connections with different kinds of services. Furthermore, our scheduler 
enjoys flexibility, scalability, and low implementation complexity. Performance of our scheduler was evaluated via 
simulations in the IEEE  802.16 standard setting, where the upper-bound βrtPS, βnrtPS, βBE, and the delay guard time ∆Ti 
were set heuristically. Their effects on performance are worthy of further research. Furthermore, our scheduler allocates all Nr 
time slots to one connection each time for simplicity; however, scheduling multiple connections each time may lead to better 
performance, which is under current investigation. The fairness issue for the users in the same service class is another topic in 
our research agenda. The effects of imperfect channel state information due to estimation error and feedback latency are also 
worth further study. 

3. Proposed System 

 We propose optimization-based algorithms that naturally map into different layers of the protocol stack have been 
proposed in the last few years for a survey. However, these models do not take into account strict per-packet delay bounds. 
Scheduling packets with strict deadlines has been studied, but all of these papers provide approximate solutions. The model 
that we study in this paper builds upon the recent work on admission control and scheduling for inelastic flows in collocated 
wireless networks, i.e., networks where all links interfere with each other. Among the many contributions in these papers is a 
key modeling innovation whereby the network is studied in frames, where a frame is a contiguous set of time slots of fixed 
duration. Packets with deadlines are assumed to arrive at the beginning of a frame and have to be served by the end of the 
frame. 

 In this paper, we explore this modeling paradigm further to study the design of resource allocation algorithms for ad 
hoc networks. The frame-based model allows us to incorporate delay deadlines in the optimization framework for very general 
network models and, somewhat surprisingly, allows us to design a common framework for handling both elastic and inelastic 
flows. 
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Advantage 

• Efficient resource allocation. 
• It also depends on the probability distribution of the inelastic arrivals. 
• Allocates resources and ensures that a required fraction of each inelastic flow’s packets are delivered on time by 

appealing to connections between Lagrange multipliers, queues, and service deficits. 
• Network is stable. 

 
4. Experimental Results 

 

Transmitting data source to destination 

 
Network Traffic Clear 
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Data Successfully Sending Destination  

 
Deficit and queue size when w1=6 

 
Average Service for Traffic when w1=6 

 
Average Service for Traffic when w1=0 
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Average Service for Traffic when w1=3 

 
Dropping Probability when w1=3 

 
Dropping Probability when w1=0 
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Deficit and Queue Size when w1=0 

5. Conclusion 

In this work, we have presented an optimization framework for the problem of congestion control and scheduling in 
ad hoc wireless networks. The model was developed for general interference graphs, general arrivals, and time-varying 
channels. Using a dual-function approach, we presented a decomposition of the problem into an online algorithm that is able to 
make optimal decisions while keeping the network stable and fulfilling the QoS constraints. A key result is that, through the 
use of deficit counters, one can treat the scheduling problem for in a common framework. It is also interesting to note that the 
deficit counters introduced have the interpretation of Lagrange multipliers. Simulations corroborate our results and show the 
dependency of the performance of the algorithm on the auxiliary parameter and its role into assigning resources. 

6. Future Work 

Our traffic model for inelastic packets assumes that packets arrive at the beginning of the frame and all have the same 
delay. Possible extensions include heterogeneous delays and arrivals at any time slot. These topics are left for future work. 
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