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Abstract—Various fairness models and criteria proposed by
academia and industries for wired networks can be applied for ad hoc
wireless network. The end-to-end fairness in an ad hoc wireless
network is a challenging task compared to wired networks, which has
not been addressed effectively. Most of the traffic in an ad hoc
network are transport layer flows and thus the fairness of transport
layer flows has attracted the interest of the researchers. The factors
such as MAC protocol, routing protocol, the length of a route, buffer
size, active queue management algorithm and the congestion control
algorithms affects the fairness of transport layer flows. In this paper,
we have considered the rate of data transmission, the queue
management and packet scheduling technique. The ad hoc network is
dynamic in nature due to various parameters such as transmission of
control packets, multihop nature of forwarding packets, changes in
source and destination nodes, changes in the routing path influences
determining throughput and fairness among the concurrent flows. In
addition, the effect of interaction between the protocol in the data link
and transport layers has also plays a role in determining the rate of
the data transmission. We maintain queue for each flow and the delay
information of each flow is maintained accordingly. The pre-
processing of flow is done up to the network layer only. The source
and destination address information is used for separating the flow
and the transport layer information is not used. This minimizes the
delay in the network. Each flow is attached to a timer and is updated
dynamically. Finite State Machine (FSM) is proposed for queue and
transmission control mechanism. The performance of the proposed
approach is evaluated in ns-2 simulation environment. The
throughput and fairness based on mobility for different flows used as
performance metrics. We have compared the performance of the
proposed approach with ATP and the transport layer information is
used. This minimizes the delay in the network. Each flow is attached
to a timer and is updated dynamically. Finite State Machine (FSM) is
proposed for queue and transmission control mechanism. The
performance of the proposed approach is evaluated in ns-2 simulation
environment. The throughput and fairness based on not mobility for
different flows used as performance metrics. We have compared the
performance of the proposed approach with ATP and MC-MLAS and
the performance of the proposed approach is encouraging.
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I. INTRODUCTION

HE Transmission Control Protocol (TCP) over IEEE
802.11 and the media access control is designed for wired
network and found to be not suitable for multihop ad hoc
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wireless networks. The properties of these protocols have
demonstrated serious concerns and thus a large number of
research studies have highlighted several research issues of
TCP in ad hoc networks [1]-[9]. It is observed that there is a
great deal to design and develop a suitable rate based transport
control protocol for mobile ad hoc network, which can
effectively handle the fairness issue among multiple flows.
The rate based transport protocol should be effectively and
fairly allocate the bandwidth among the concurrent flows.
Recently, few rate based transport protocols have been
proposed specifically for ad hoc network. However, most of
them fail to investigate thoroughly the fairness related issues
with multiple flows and queuing dynamics at nodes in the
context of ad hoc network [10]-[13]. The transport layer
protocol uses IEEE 802.11 as the underlying data link layer
protocol and as a result fairness cannot be achieved in a
reasonable way. Alternatively, IEEE 802.11 can provide only
per node fairness and that falls apart in the presence of
asymmetric contention neighborhood. Further, the MAC layer
of the IEEE 802.11 is used by the transport protocol and thus
the bandwidth allocation between concurrent flows is not
encouraging. In general, the data transmission process in the
wireless network contends for the channel and obtains the
same. In case, the channel is not available to the contending
process or the contending node, the packet to be transmitted is
buffered in the queue. Suitable scheduling algorithm is used
for processing the queued packet and the design aspect of the
scheduling algorithm plays an important role in determining
end-to-end bandwidth of the flow of the respective packet.

The important research issue that is to be tackled in
multihop ad hoc wireless network is the guarantee of fairness
for concurrent flows in rate based transport protocol [14].
Various scheduling algorithms have been proposed in recent
times and however, most of them are found to be not effective
and consistent for ad hoc network. This is due to the fact that
these scheduling algorithm only solve the per node based
fairness in rate. The per node or window based transmission
employs cross layer design and can also be called as per flow
fairness with layered design. Also, most of the approaches, in
the literature focus on First In First Out (FIFO) queuing and it
is not suitable for providing a fair share of bandwidth to
multiple flows. Thus, it is required to solve the per flow based
unfairness caused by cross layer interaction of IEEE 802.11
MAC protocol and rate based transport protocol. The
scheduling algorithm also should achieve per flow fairness in
rate based transport protocol.
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A general cross-layer optimization problem, to maximize
network efficiency (min-max power) of ad-hoc networks, is
formulated including power adaptation, scheduling and
routing functionalities. The non-convexity of the link capacity,
high dimensionality of multi-hop routing and inter-layer
interactions among the protocol layers, has resulted in more
problems [15]. The concept of dividing a problem into a sub
problems are used for demonstrating the functionalities of the
protocol layers. Using a simple shortest path based algorithm
to the high-dimensional routing, the sub problem is
demonstrated. Recent technological advances have led to a
growing interest in multi-antenna wireless ad hoc networks in
which each node has more than one antenna. A crosslayer
approach called QoS-aware smart antenna protocol (QSAP) is
proposed for such networks that assures quality of service
(QoS) needs of applications with reduced energy consumption
[16]. The special multi-scenario of the topology in the wireless
hybrid ad hoc networks is studied and a new performance
evaluation Link Cognitive Cooperation Air Time Metric
(LCCATM) and a novel cross layer multicarrier MIMO
cognitive cooperation scheme are proposed [17]. In this
scheme, the attributes both of the new performance evaluation
of the cooperative diversity and the attributes of the topology
space are integrated. It is observed that the cooperative ability
of the networks is not only cognitive and also topology aware.
The average achievable sum rates and the outage probability
of the networks are all examined with the cross layer
constraints.

The support of voice communication is fundamental in the
deployment of an ad hoc network for the battlefield or
emergency response. The QoS requirements of voice to
identify the influencing factors in terms of communication and
validate their significance through statistical analysis are used.
An opportunistic protocol is proposed within a cross-layer
framework that adapts these factors at different time scales
[18]. PHY/MAC interaction is exploted in terms of Hop-by-
hop adaptation to improve the use of the spectral resources
through opportunistic rate-control and packet bursts. The end-
to-end adaptation exploits the LLC/application interaction to
control the demand per call through voice coding and packet
size selection. The objective of this approach is to improve the
number of calls admitted by minimizing loss of quality. A
cross-layer quality of service (QoS) optimization policy is
proposed for computational grid [19]. Generally, there are
different QoS metrics at different layers of computational
grids. To improve perceived QoS by end users over
computational grid, QoS supports can be addressed in
different layers. The cross-layer grid QoS optimization is
tackled as optimization decomposition and each layer is
considered as a decomposed sub-problem. This policy
produces an optimal set of grid resources, service
compositions and user’s payments at all the layers.

A direct-Sequence Spread-Spectrum (DSSS) is proposed for
scheduling transmissions in a mobile ad hoc network [20]. In
this approach, multiple-access interference handled effectively
for spatial reuse by reducing the transmission overhead to
certain extent. This approach achieves greater en-to-end

International Scholarly and Scientific Research & Innovation 8(1) 2014

throughput and terminal mobility. The network connectivity is
preserved by adjusting the protocol overhead. It is known that
radios in ad hoc networks support multi-rate transmissions and
it is noticed that the traditional routing protocols in general do
not use this feature well in multi-rate ad hoc networks. Thus,
the performance of the network and resource utilization is not
optimized. Various algorithms have been proposed to take
advantage of the multi-rate transmission scheme and found
that their performance is not optimized. A cross-layer
optimization based approach can significantly improve the
performance of multi-rate ad hoc networks over existing
routing algorithms. As a result, link interference is considered
and a joint routing and flow rate optimization is proposed for
optimal performance in multi-rate ad hoc networks and named
as a Cross-layer Optimization based Model for Multi-rate Ad
hoc Networks (COMMAN) [21]. This approach is a
distributed heuristic of this centralized model and considers
the characteristics of multi-rate ad hoc networks. The
fundamental scheduling, multiplexing and diversity trade-off
in MIMO ad hoc networks has been analyzed. A unified
framework for the scheduling-multiplexing and scheduling-
diversity sub-problems is proposed that constitutes a major
step towards solving the overall problem [22]. The
fundamental trade-off between scheduling full and low
multiplexing gain with interface nulling is the motivation of
this approach. A scheme is proposed that employs TCP-aware
network coding with opportunistic scheduling to enhance TCP
throughput in wireless mobile ad hoc networks. The TCP
parameter such as congestion window size and wireless
channel conditions are considered simultaneously to improve
TCP throughput performance. This approach also proposed a
new adaptive-W (i.e., adaptive Waiting time) scheme whose
objective is to adaptively control waiting time of overheard
packets that are stored in a buffer to achieve tradeoff between
throughput and overhead [23].

Based on the above discussion, it is noticed that all of these
approaches use rate based transport protocol and ignores
throughput unfairness of concurrent flows in the nodes of ad
hoc network. In this paper, throughput unfairness of
concurrent flow is analyzed. Based on the number of
transmission hops, the end-to-end throughput of a packet flow
degrades. In fact, for more number of transmission hops, the
end-to-end throughput of a packet flow degrades significantly.
In general, the fairness can be analyzed based on per node
fairness and per flow fairness and in this paper, we analyze the
per flow fairness of concurrent ATP flows. The rest of the
paper is organized as follows. The next section presents the
review of the literature. In Section Il1, the proposed approach
is presented. The experimental result is presented in Section
IV and we conclude the paper in the last section.

Il. LITERATURE REVIEW

The cross layer design and principle has been used for
achieving fairness for concurrent flows [7], [24]-[26].
Similarly, the layered design has also been used for achieving
fairness for a concurrent flow mechanism [27]-[29]. In cross
layered design, the transport layer uses the information
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available in the MAC and network layers for achieving
fairness. In contrast, in layered approach, suitable
modification is carried out to the protocol operated in the
respective layer. In this approach, the information present in
the other layers is not effectively used by the protocol running
in one layer and thus there is no coordination among them to
achieve fairness. The well-known rate based protocol ATP
employs cross layer design approach by using information in
the MAC layer with per node queue. The FIFO based packet
scheduling mechanism has been used to determine the
transmission rate. Based on the per node queue in the MAC
layer of the intermediate nodes, the transmission rate is
calculated by which the ATP calculates the delay based on per
node basis and not on per flow basis. As a result, there exists
unfairness in terms of throughput among the concurrent flows.
In this paper, we address the above issue by adapting cross
layer design approach in the intermediate node of state-of-the-
art rate based transport protocol ATP by using the information
present in the MAC layer. The per flow queue and round robin
(RR) based scheduling mechanism has been applied to
determine the transmission rate. A set of efficient resource
allocation algorithms and channel access scheduling protocols
based on Latin squares and social centrality metrics for
wireless mesh networks (WMNSs) has been proposed. This
approach  has  multi-radio  multichannel ~ (MRMC)
communication capabilities and coexists with IEEE 802.11
[30].

The authors [31] have proposed Wireless Congestion
Control Protocol (WCCP) to support the transport service in
multihop ad hoc networks. WCCP has used cross layer design
approach and used the MAC layer information for improving
the fairness in transport layer. In this approach, all the
participating forward nodes in the path allocate the resources
effectively and determine the MAC layer feedback
accordingly. The end-to-end feedback determined by the end
node along the data flow path is carried back to the source for
controlling its sending rate. In is noticed that the performance
of WCCP is encouraging compared to the traditional TCP in
terms of channel utilization, delay, and fairness, and
eliminates the starvation problem. Here the intermediate node
uses channel business ratio for rate estimation unlike ATP
which uses queuing delay and transmission delay. Reference
[32] has proposed model for bandwidth sharing and fair
allocation of bandwidth in wireless multihop networks as a
general utility maximization problem with link bandwidth
constraints. Lagrangean relaxation and duality are invoked to
derive a gradient based iterative algorithm to solve the
problem.

A per flow packet scheduling scheme has been proposed in
which packets in a wireless node are classified as packets from
the node and packets from the forwarding node [33]. The
uplink and downlink packets are queued separately and the
uplink packets are classified into packets originated within the
node and forwarded packets from adjacent wireless nodes and
queued. When the node transmits a packet, the fairness among
the nodes is improved by scheduling based on the source
identifiers in a round robin fashion of the queued packets. This
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scheme is designed for achieving the same throughput among
different flows irrespective of number of hops. However, the
performance of this approach is encouraging while the
transmission rate of the packets in all the nodes is same and
also the link capacities are the same.

A scheduling method of wireless control networks for
factory automation using IEEE 802.15.4 networks has been
proposed. The superframe of IEEE 802.15.4 is used for the
transmission of real-time mixed data for wireless control
systems. The schedulability of real-time data is defined and
scheduling algorithms are proposed for the efficient
transmission of real-time mixed traffic [34].

Wireless data networks such as cdma2000 1x EV-DO and
UMTS HSDPA use downlink scheduling that exploits channel
fading to improve throughput. As future wireless networks
will eventually support multimedia traffic, a proper criterion
for scheduling is required that can count various service
requirements [35]. Most of the opportunistic schedulers at the
lower layer fail to handle explicit QoS defined in the upper
layer. This approach proposed a hierarchical scheduling model
for provisioning QoS and time varying channel feature
separately. The upper level QoS scheduling is focused that
supports various traffic classes in a unified manner.

The IEEE 802.11e Wireless Local Area Network (WLAN)
provides controlled access features that can be used with
scheduling algorithms for obtaining guaranteed per-session
services. However, the multirate operation of the WLAN
complicates the design of scheduling and Quality of Service
(QoS) provisioning algorithms. A new solution based on
Controlled Access Phase Scheduling (CAPS) framework has
been introduced for fixed rate WLANS in our earlier works
and employs a new fair central scheduler to achieve
guaranteed fair services in a WLAN [36].

It is well-known that the data aggregation is an important
and time consuming process in wireless sensor networks. For
handling the interference in long latency of TDMA
aggregation scheduling, the multi-channel design is considered
a promising technique. Large numbers of parallel
transmissions are available different frequency channels for
minimizing time latency. A multi-channel minimum latency
aggregation scheduling protocol, named MC-MLAS is
designed using tree construction, channel assignment and
transmission scheduling [37]. This work combines orthogonal
channels and partially overlapping channels to consider the
total latency involved in data aggregation.

In wireless networks, there is strong coupling among the
traditional layers of the architecture, and these interactions are
not ignored. The interaction between routing in the network
layer and access control in the MAC layer is one of the
classical examples. Similarly, the coupling between power
control in the physical layer and scheduling in the MAC layer
also considered as strong interaction. A TDMA-based wireless
ad hoc network is proposed with a centralized algorithm of
joint power control, scheduling, and routing [38]. The
improvement of the network performance is achieved based
on throughput, delay, and power consumption by using the
joint algorithm.
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IEEE 802.11 MAC protocol for medium access control in
wireless local area networks is the de-facto standard for ad hoc
wireless networks. However, the performance of the protocol
such as fairness, delay and throughput is low in multihop
wireless network. This is due to the fact that both the MAC
and link layer tend to contented. Various methods have been
proposed based on the issue in both academia and industry. A
suitable modification of IEEE 802.11 MAC protocol has been
proposed to achieve per node fairness. However, the
modification will influence the design and corresponding
change is required in the hardware and is difficult to
implement. In addition, this approach fails to solve the per
flow unfairness problem. A Flow based Media Access Control
(F-MAC) has been proposed for mobile ad hoc network, in
which the 802.11 MAC is modified to resolve efficiency and
fairness issue [39]. This approach uses the flow concept,
incorporated with faster end-to-end forwarding by assigning
higher priority to a node that has packet to relay compared
other nodes. After the transmission is completed, lower
priority is assigned to the transmitted node to yield of ad hoc
networks. At the same time, fair sharing of bandwidth is
maintained among all the mobile nodes. A Probabilistic
Control on Round Robin Queue (PCRQ) scheduling algorithm
has been proposed and is aiming to achieve per flow fairness
in multihop and ad hoc networks [40]. This algorithm works in
the link layer without modifying IEEE 802.11 MAC protocol.
Reference [41] has proposed a new media access control
algorithm to achieve per flow fairness for maximizing
throughput.

It is observed that all the above schemes concentrates on
improving per node fairness in rate or window based transport
protocol by employing cross layer design or per flow fairness
in data link layer. Most of the above approaches employ
layered design approach and however, the outcome of the
analysis of the above mentioned approaches is not for
achieving per flow fairness in rate based transport protocol
with cross layer design. Thus, it is imperative that per flow
fairness in rate based transport protocol should be achieved
and per flow based queuing delay required to be computed for
concurrent flows.

The focus of this paper is to present an efficient scheduling
mechanism for the queue maintained by an intermediate node
of ATP with per flow queue. It is found that the ATP flow
experiences problems while queuing and transmission delay
on per basis is maintained. In the proposed approach, the FIFO
approach used in TP is replaced with the round robin
scheduling, which overcome the per flow unfairness problem
caused by the single queue. The state on per flow is
maintained instead flow based on nodes. It is observed that
considerable performance improvement is obtained in terms of
fairness ratio and ns-2 simulator is used.

I11. PROPOSED WORK

Various fairness models and criteria proposed by academia
and industries for wired networks can be applied for ad hoc
wireless network. However, realizing end-to-end fairness in an
ad hoc wireless network is a challenging task compared to
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wired networks, which has not been addressed effectively.
Most of the traffic in an ad hoc network are transport layer
flows and thus the fairness of transport layer flows has
attracted the interest of the researchers. The factors such as
MAC protocol, routing protocol, the length of a route, buffer
size, active queue management algorithm and the congestion
control algorithms affects the fairness of transport layer flows.
However, for achieving acceptable end-to-end fairness all the
above mentioned factors are required to be investigated [42].
In this paper, we have considered the rate of data transmission,
the queue management and packet scheduling technique.
However, based on the understanding of the literatures, there
is a gap in understanding the queue dynamics in nodes of ad
hoc networks. Also, there is no thorough investigation on the
effect of queue management and packet scheduling
approaches in the intermediate nodes of the ad hoc network.
The ad hoc network is dynamic in nature due to various
parameters such as transmission of control packets, multihop
nature of forwarding packets, changes in source and
destination nodes, changes in the routing path influences
determining throughput and fairness among the concurrent
flows. In addition, the effect of interaction between the
protocol in the data link and transport layers has also plays a
role in determining the rate of the data transmission.

A. Maintaining Per Flow Queue in the Intermediate Node
for Scheduling

The IEEE 802.11 MAC protocol is the standard for wireless
LANs and also widely used in wireless ad hoc networks.
However, as IEEE 802.11 has limitations when used in
wireless ad hoc networks [4] has evaluated the performance of
TCP in MANET using IEEE 802.11 as the underlying MAC
protocol and determined that the fundamental reasons for
TCP’s instability is IEEE 802.11’s unfairness problems. The
unfairness problem in 802.11 MAC is caused by the behavior
of the transport protocol, thus degrading the ability of the
transport to achieve fairness [43]-[45]. Say for instance, while
two TCP sessions are competing for the same channel and if
one is scheduled back by a timeout. This situation is further
complicated by the back off nature of both MAC and TCP
timeouts and the session is lost. In IEEE 802.11, the nodes
present closer to the network are able to access the channel
frequently compared to the nodes presents near deep of the
network and this kind of unfairness can lead to starvation of
nodes [24]. As a result, there is a possibility to get the false
route failures [46]. The well-known rate based transport
protocol ATP also uses IEEE 802.11 as the underlying MAC
protocol and the uneven distribution of bandwidth is
considered as a challenging problem in MAC. Since ATP used
IEEE 802.11 MAC, ATP also suffers from unfairness
problem. In addition, ATP uses only per node based delay to
determine the current rate of data transmission and so
achieving per flow fairness in ATP is not possible. It is
required to achieve per flow fairness among the competing
concurrent flow for effectively sharing the resources. We
demonstrate the concept of per node and per flow based
scheduling by depicting the scenarios below. In Fig. 1, per
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node based scheduling is presented and per flow based
scheduling is shown in Fig. 2.

Fig. 1 Scheduling based on per node concept

In Fig. 1, n1 to n8 are nodes in a sample ad hoc network and
arranged in such a way that the transmission range of nl and
n2 covers n4 and n7 and n6é covers n4. Similarly, n2, n3, n7
and n8 covers n5. In the conventional ATP based flow, the
flow 1 between n2 and n6 is via n4 and flow 2 between n3 to
n8 is via n5. As shown in flowl, the FIFO is used and due to
back off procedure in MAC, other data in the queue may take
large time. The similar procedure is visible in flow 4 also. In
Fig. 2, we show the sample ad hoc network for demonstrating
per flow scheduling and it is observed that the flow is
segregated based on the flow from various nodes and thus is
called as per flow scheduling. It is observed on both Figs. 1
and 2 the delay due to per node scheduling is greater than that
of the delay due to per flow scheduling. This is due to the fact
that the unfairness in MAC layer of the previous node of the
flows path. The problem of unfairness is inversely
proportional to the number of hops in the path. This issue
needs to be solved by a suitable scheduling mechanism by
considering the behavior of queues in the intermediate node.
In the well-known that in ATP, the delay is calculated in the
intermediate node and it is maintained on per node basis alone.
In this paper, we have maintained the state of on per flow and
found that the fairness ration is good. Compared to the
features of the well-known ATP, the proposed protocol
incorporating features such as per flow rate based scheduling
and creating as well as maintaining the flow queue. As a
result, the instantaneous throughput and fairness is improved.
As shown in Fig. 2, the intermediate node, say n5, maintains
for queue for each flow. Also, using these queue information,
more accurate picture of the information needed for each flow
is maintained, which helps us to predict the correct rate for the
corresponding flows.
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Fig. 2 Scheduling based on per flow concept

In general, the flow is classified using the combination of
source address — destination port number. The source address,
destination address of IP datagram header and source port
number, destination port number of transport layer segment
header do not change anywhere in between source and
destination. Thus, various flows in each node match with its
own flow in any other node. In the proposed protocol, the task
and processing happens only up to physical, data link and
network alone, which is in contrast to the ATP, where the
information belongs to physical, data link, network and
transport of intermediate node is processed.

This is due to the fact that the delay information is stored
and processes in the data link layer header only and not in the
transport layer header. Thus, the source and destination
address combination is used for separating the flows and the
transport layer information is not processed. As a result, the
processing time, which is copying transport layer segment and
delay from network to transport layer is minimized to great
extent. The data packet of concurrent flows of same sender
and destining at same receiver is considered as the data
packets belonging to the same flow. The queue is created
based on the source and destination combination and is
uniquely maintained. Each flow is attached with a timer and is
updated with a predetermined value. Each packet has to reach
the flow within the timer expiry period and otherwise the flow
is cancelled. Similarly, if there is no packet in the transmitted
queue, the flow is cancelled. In this paper, we have fixed the
timer value five second and this is due to the fact that in ATP
the epoch period is set as one second. A robin round
mechanism is used to enforce fairness and packet is removed
from the flow, processed, sent to the MAC layer for
transmission and removed from flow.

For each flow a delay parameter (D) is maintained and is
given below

Delay (D) = WT+TNH @)
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In (1), WT is the waiting time of the packet in queue before
processing and TNH denotes the time required by MAC layer
to send the data packet to the next hop. The delay calculated as
exponential average as follows

Delay (D) = (wl1) D + (1-wl1) D 2

The value of wl calculated based on the previous delay
value so that the value reflects the current delay in the
network. This is due to the fact that the ad hoc network is
dynamic in nature. Thus, based on various experiments, 75
percent of previous delay is averaged with 75 percent of
current delay. While new flow starts, a probe packet is sent by
the sender and the delay value is calculated in the intermediate
nodes. In addition, there will not be any delay value associate
with the new flow with refer to (2) and the delay for the new
flow is calculated as,

Del D)=1¢ 3
elay (D) ﬁzn:Di )

Refer to (3), D; is the i™ flow and its delay and n is the
number of active flows in the queue.

B. Finite State Machine (FSM) for Queue and Transmission
Control

In Fig. 3, the Finite State Machine (FSM) for the queue
control mechanism is depicted. A set of per flow queue is
maintained for each source and destination address
combination for holding the packet during the process. The
gueue control process waits for an incoming signal and based
on its characteristics, the output of the queue controller varies.

\ Received signal is packet from application| |
\\ Received signal is from previous node
ReceiveIncoming  *\

Signal \

AN Extract the source and destination address of the
. Received packet &&Initialize the timer value
\ forthe queue and store the packet inthe queue

\ OR discard the packet

Error Signal

A

Wait for the
incoming
Signal

Queue is not available for the source and
Destination address combination

Create new Queue using source and destination
address combination

Initialize the timer for calculating the queuing
delay

Signalis to delete the queue

Delete the Queue fromthe system

Fig. 3 FSM for Queue Control Machanism

There are four states for the FSM of the queue control and
first state is for the error signal. In the second state, the signal
is received from an application or from the previous node. The
state performs activities such as extracting the source and
destination address of the received packet and initializes the
timer value. If both of the above mentioned points are not true,
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the packet is discarded. In line with the above, the scheduler of
the proposed approach selects an element from a queue and
de-queue the packet based on round robin fashion and the
packet is transferred to the output queue. In addition, if the
queue is empty, based on the timer value the corresponding
queue is deleted.

Below, in Fig. 4, the FSM for transmission control is
presented. There are four states in the FSM and the first state,
event-action is for the signal from the scheduler and the output
buffer has sufficient space. The timer is initialized and the
transmission delay is calculated and the packet is successfully
stored in the output buffer. The second -event-action
combination receives the signal and determines the successful
transmission of a packet and return the state.

N,
\,
\,
Y

. . N,
Receive Incoming \\ Received signal is packet from scheduler&®& output
Signa| AN Buffer has space Received signal is from previous node

AN Store the packet in the output Queue

\ Initialize the timer to calculate transmission delay &&

Error Signal

A

Wait for the
incoming
Signal

Received signal represents
Successful transmission of packet

return

Received signal represents
packet transmission error

Retransmit the packet

Fig. 4 FSM for Transmission Control Mechanism

The third event-action combination is invoked for a
transmission error and the packet is re-transmitted and final
event-action combination works for the error signal.

IV. EXPERIMENTAL RESULTS

We have used NS-2 network simulator for the experimental
purpose. The effect of throughput and fairness on concurrent
flows is studied. A stationary grid topology with twelve nodes
and a mobile topology with 1000m X 1000m grid with fifty
nodes by using random way point mobility model. The effect
of mobility is constrained while measuring the effect of
fairness of concurrent flows and stationary grid topology is
used for simulation. Radio transmission range of each node is
maintained with 200 meters and a node covers neighboring
nodes in all the four directions. We have considered 2
Mbits/Sec. as the channel capacity and free space. Dynamic
source routing and IEEE 802.11b is used as the routing and
MAC protocol respectively and FTP is used as the application
layer protocol. Packet size of 512 bytes is used and the
simulation is conducted for 100 seconds. The average values
are measured from ten simulation runs. We have used the
Jain’s fairness index for measuring the fairness ratio. The
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available bandwidth should be equally shared among all the
competing flows. The Jain’s fairness index can be calculated
as follows:

The fairness index of a set of throughput (X3,X2,X3,.+.+...... Xn)

2]
(5]

The values of the fairness index is [0-1] and for the
maximum value the measurement values, (X, X2,X3, ... ... Xn) IS
absolute equal or otherwise. In the experimental setup i.e. in
the stationary grid topology, the effect of concurrent flows on
the throughput and fairness index is investigated. Below in
Fig. 5 the throughput is shown for ATP, MC-MLAS [37] and
the proposed approach. The proposed approach has achieved
99% fairness index while the ATP has achieved only 97%.

(4)

f (X, X,,... X, )=

Throughput

—

0.993
0.99&
0.994
0.992

0.99
0.988
0985
0.284

—p—ms
—W—12ms

—l—24ms

Froposed ATP  MC-RILAS

Fig. 5 The average throughput of the proposed approach

The fairness index for various mobility values are presented
in Fig. 6 and it is observed that the fairness index of ATP is
lower than the proposed approach.

Idobility Vs, Fairness Index (5 Flows)

0.999
0998 H_‘
0547 =
0898 l\
0.505
0.994
0,993
0992
0.a9]
0.99
0.289 T T ]

— 2 T 5

——12ms

—l—2dms

Proposed ATP PAC-RALAS

Fig. 6 The mobility and fairness index
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Mehility Vs. Fairness Index (15 Flows]
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Fig. 7 The mobility and fairness index

This is due to the fact that the ATP maintains a delay on per
node basis and the proposed approach maintains a delay on
per flow basis. It is a well-known fact that the intermediate
node processing the scheduling tasks with more than one flow
fails in sharing the bandwidth. Also, packets from different
flows are being scheduled on par and it is difficult to measure
the optimal flow rate. This is due to the fact that the unfairness
caused by MAC layer and it does not allocate equal shares of
bandwidth to the computing nodes. However, the proposed
approach achieves a higher fairness index and this is due to the
fact that the rate is determined on per flow basis. In the mobile
topology, the fairness ratio between ATP and the proposed
approach is compared to 2 m/s, 12 m/s, 24 m/s mobility for 5
flows and 15 flows and the result is depicted in shown in Figs.
6 and 7. In the result, the source and destination nodes are
chosen in random order. Also, it is observed that the fairness
ratio decreases with an increase in the mobility and for the
proposed approach has achieved a higher fairness index for 5
and 15 flows compared to the conventional ATP.

V. CONCLUSION

We have proposed a fairness model for a mobile ad hoc
network. The fairness in the transport layer flow is analyzed
and data transmission rate, queue management and packet
scheduling issues are considered. In each node, queue is
maintained for each flow and all are identified based on the
source and destination address of the respective nodes. The
flow header is not processed in all the layers of the
intermediate nodes and thus the delay in the network is
reduced, where each flow has a separate delay time stamp.
The fairness index for mobility and throughput are considered
using ns-2 simulator. While comparing the performance of the
proposed approach with the some of the recently proposed
approach, it is found that the proposed approach performs
well.

REFERENCES

[1] A. Ahuja, S. Agarwal, J. P. Singh, R. Shorey, “Performance of TCP over
Different Routing,” In Proc. Of 51% IEEE Conference on Vehicular
Technology, VTC 2000-Spring Tokyo, Vol. 3, pp. 2315 — 2319, 2000.

[2] H. Balakrishnan and V. Padmanabhan, “How network asymmetry
affects TCP,” IEEE Communications Magazine, Vol. 39, No. 4, pp. 60-
67, 2001.

190 1SN1:0000000091950263



Open Science Index, Computer and Information Engineering Vol:8, No:1, 2014 publications.waset.org/9997679.pdf

[31

(4]

[5]
[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering
Vol:8, No:1, 2014

Z. Fu, X. Meng and S. Lu, “How bad TCP can perform in mobile adhoc
networks,” in proceedings of IEEE International Symposium on
Computers and Communications, pp. 298-303, 2002.

S. Xu and T. Saadawi, “Revealing the problems with 802.11 medium
access control protocol in multi hop wireless ad hoc networks,” Journal
of Computer Networks, Vol. 38, No. 4, pp. 531-548, 2002.

H. Elaarag, “Improving TCP performance over mobile networks,” ACM
Computing Surveys, Vol. 34, No. 3, pp. 357-374, 2002.

H. Lim, K. Xu M. Gerla, “TCP Performance over multipath routing in
mobile ad hoc networks,” in proceedings of IEEE International
Conference on Communications, Vol. 2, pp. 1064 - 1068, 2003.

Z. Fu, P. Zerfos, H. Luo, S. Lu, L. Zhang and M. Gerla, “The impact of
multihop wireless channel on TCP throughput and loss,” IEEE
Transactions on mobile Computing, VVol.4, No. 5, pp. 209-221, 2005.

S. Xu and T. Wu, “TCP issues in mobile ad hoc networks: challenges
and solutions,” Journal of Computer Science and Technology, Vol. 21,
No. 1, pp. 72-81, 2006.

L. Zhang, X. Wang and W. Dou, “Analyzing and improving the TCP
flow fairness in wireless ad hoc networks,” Journal of Software, Vol. 17,
No. 5, pp. 1078-1088, 2006.

S. Demers, K. Keshav and S. Shenker, “Analysis ansd simulation of a
fair queuing algorithm,” Internetworking: Research and Experience, Vol.
1, pp. 3-26, 1990.

S. Lu, V. Bharghavan and R. Srikant, “Fair scheduling in wireless
packet networks,” IEEE/ACM Transaction on Networking, Vol. 7, No.
4, pp. 473-489, 1999.

C. E. Koksal, H. I. Kassab and H. Balakrishnan, “An analysis of short
term fairness in wireless media access protocols,” in proceedings of the
ACM SIGMETRICS International Conference on Measurement and
Modeling of Computer systems, pp. 1-6, 2000.

J. Su, A. Chin, A. Popivanova, A. Goel and E. De Lara, “ User mobility
for opportunistic ad-hoc networking,” In Proceedings of the Sixth IEEE
Workshop on Mobile Computing Systems and Applications
(WMCSA’04), pages 41-50,Washington,DC, USA. IEEE Computer
Society, 2004.

B. Radunovic and J. Y. Le Boudec, “Rate Performance Objectives of
Multihop  Wireless Networks,” |EEE Transactions on Mobile
Computing, Vol. 3, No. 4, pp. 334-349, 2004.

R. Arjunan, K. Gyouhwan and N. Rohit, “Joint Power Adaptation,
Scheduling, and Routing for Ultra Wide Band Networks,” IEEE
Transactions on Wireless Communications, Vol. 6, No. 5, pp. 1964-
1972, 2007.

J. C. Mundarath, P. Ramanathan and B. D. Van Veen, “A quality of
service aware cross-layer approach for wireless ad hoc networks with
smart antennas,” Ad Hoc Networks , Vol. 7, pp. 891-903, 2009.

Z. Yingji, S. K. Kyung and Y. Dongfeng, “Cross layer multicarrier
MIMO cognitive cooperation scheme for wireless hybrid ad hoc
networks,” Computer Communications, Vol. 32, pp. 546-551, 2009.

A. O. Suhaib, N. A. Abraham and R. S. Violet, “Cross-layer
opportunistic adaptation for voice over ad hoc networks,” Computer
Networks, VVol. 56, pp. 762-779, 2012.

C. Li and L. Li, “Cross-layer optimization policy for QoS scheduling in
computational grid, Computer Applications,” Vol. 31, pp. 258-284,
2008.

J. W. Brian and B. R. Harlan, “Immediate neighbor scheduling (INS):
An adaptive protocol for mobile ad hoc networks using direct-sequence
spread-spectrum modulation,” Ad Hoc Networks, Vol. 9, pp. 453-467,
2011.

T. Hongtao, K. B. Sanjay, L. L. Choi and X. Wendong, “Joint routing
and flow rate optimization in multi-rate ad hoc networks,” Computer
Networks, Vol. 52, pp. 739-764, 2008.

E. Tamer, “On the scheduling, multiplexing and diversity trade-off in
MIMO ad hoc networks: A unified framework,” Ad Hoc Networks, Vol.
11, pp. 639-653, 2013.

N. Tebatso, F. Richard Yu and H. Marc, “TCP-aware network coding
with opportunistic scheduling in wireless mobile ad hoc networks,”
Computer Communications, Vol. 34, pp. 1788-1797, 2011.

K. Xu, M. Gerla, L. Qi and Y. Shu, “Enhancing TCP fairness in ad hoc
wireless networks using neighborhood RED,” in proceedings of the 9"
Annual International Conference on Mobile computing and Networking,
pp. 16-28, 2003.

S. Yu, “Improving TCP performance over mobile ad hoc networks by
exploiting cross-layer information awareness,” in proceedings of the 10"
Annual International Conference on Mobile computing and Networking,
pp. 231-244, 2004.

International Scholarly and Scientific Research & Innovation 8(1) 2014

[26]

[27]

[28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

191

S. Elrakabawy, A. Klemm and C. Lindemann, “TCP with adaptive
pacing for multihop wireless networks,” in proceedings of the 6" ACM
International Symposium on Mobile Ad Hoc Networking and
Computing, pp. 288-299, 2005.

K. Chen, Y. Xue and K. Nahrstedt, “On wetting TCP’s congestion
window limit in mobile ad hoc networks,” Journal on Wireless
Communication and Mobile Computing, Vol. 2, No. 1, pp. 85-100,
2002.

K. Nahm, A. Helmy and C. Kuo, “TCP over multihop 802.11 networks:
issues and performance enhancement,” in proceedings of the 6™ ACM
International Symposium on Mobile Ad Hoc Networking and
Computing, pp. 277-287, 2005.

R. Oliveria and T. Braun, “A Smart TCP acknowledgment approach for
multihop wireless networks,” IEEE Transactions on Mobile Computing,
Vol.6, No. 2, pp. 192-207, 2007.

W. Di, B. Lichun, C. R. Amelia and L. T. Carolyn, “Large-scale access
scheduling in wireless mesh networks using social centrality,” Journal
on Parallel Distributed Computing, Vol. 73, pp. 1049-1065, 2013.

H. Zhai and X. Fang, “Distributed flow control and medium access in
multihop ad hoc networks,” IEEE Transactions on Mobile Computing,
Vol.5, No. 11, pp. 1503-1514, 2006.

B. Bensaou, Y. Wang and C. Ko, “Fair medium access in 802.11 based
wireless ad-hoc networks,” MobiHoc’00: In Proc. Of 1% ACM
International Symposium on Mobile Ad Hoc Networking and
Computing, pp.99-106, IEEE Press, Piscataway, NJ, USA, 2000.

H. Izumikawa, H. Ishikawa and K. Sugiyama, “Scheduling Algorithm
for Fairness Improvement among Subscribers in Multi-hop Wireless
Networks,” Electronics and Communications in Japan (Part I:
Communications), Vol. 90, no. 4, pp. 11-22, 2007.

K. Dong-Sung, J. Joseph and M. Prasant, “Scheduling of wireless
control networks based on IEEE 802.15.4 networks: Mixed traffic
environment,” Control Engineering Practice, Vol. 19, pp. 1223-1230,
2011.

C. Young-June, C. Jin-Ghoo and B. Saewoong, “Upper-level scheduling
supporting multimedia traffic in cellular data networks,” Computer
Networks, Vol. 51, pp. 621-631, 2007.

P. F. Yaser and A. Hussein, “Analysis of temporal and throughput fair
scheduling in multirate WLANSs,” Computer Networks, Vol. 52, pp.
3169-3183, 2008.

G. Fatemeh, Y. Hamed, A. H. Ali Mohammad and M. Ali, “MC-MLAS:
Multi-channel minimum latency aggregation scheduling in wireless
sensor,” Computer Networks, Online Version) 2013.

L. Yun and E. Anthony, “A joint scheduling, power control, and routing
algorithm for ad hoc wireless networks,” Ad Hoc Networks, Vol. 5, pp.
959-973, 2007.

T.M.Trung , J. Mo, and S.-L. Kim, “A Flow-Based Media Access
Control (F-MAC) for Wireless Ad-Hoc Networks,” IEICE Transactions
on Communications, Vol. E89-B (3), pp. 756-763, 2006.

P. T. Giang and K. Nakagawa, “Improvement of Fairness by PCRQ
scheduling in Multihop Wireless Ad hoc Networks,” in Proc. of Asia-
Pacific Symposium on Queueing Theory and Network Application, pp.
339-348, 2007.

J. Choi, Mayank Jain, Kannan Srinivasan, Phillip Levis and Sachin
Katti, “Achieving single channel, full duplex wireless communication,”
In Mobicom’10: Procedings of the 16" Annual International Conference
on Mobile Computing and Networks, 2010.

O. Evgeny and T. Christian, “TCP friendly bandwidth sharing immobile
ad hoc networks: from theory to reality,” EURASIP Journal on Wireless
Communication and Networking, Vol. 7, pp. 1 — 14, 2005.

M. Gerla, K. Tang and R. Bagrodia, “TCP performance in wireless multi
hop networks,” in proceedings of IEEE Workshop Mobile computing
Systems and Applications, USA, pp. 202 — 222, 1999.

L.Yang, Winston K.G. Seah and Q. Yin, “Improving fairness among
TCP flows crossing wireless ad hoc and wired networks,” in Proc. of the
4th ACM international symposium on Mobile ad hoc networking &
computing, pp. 57 - 63, 2003.

X. Kaixin, B. Sang, L. Sungwook and G. Mario, “TCP behavior across
multihop wireless networks and the wired internet,” In Proceedings of
the 5th ACM International Workshop on Wireless Mobile Multimedia,
pp. 41-48, 2002.

S. Toumpis and A.J. Goldsmith, “Performance. Optimization, and cross-
layer design of media access protocols for wireless ad hoc networks,”
IEEE International Conference on Communications, Vol. 3, pp. 2234—
2240, 2003.

1SN1:0000000091950263



