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We TCP-AP: Wireless Enhanced TCP-AP

Luis Barreto

Abstract- Congestion control in wireless networks is strongly
dependent on the dynamics and instability of wireless links. It
is known that TCP experiences serious performance
degradation problems in wireless networks. New approaches
based on TCP try to overcome these problems but, although
their performance is increased, they incur in congestion
control errors, since they do not evaluate accurately the
capacity and available link bandwidth in wireless networks.
This is also the case of TCP-AP (Adaptive Pacing) that,
although presenting clear advantages in wireless networks
when compared to other TCP-based approaches, its
performance is still lower than rate-based approaches.

In this paper we propose a new congestion control

protocol based in TCP-AP, the Wireless Enhanced TCP-AP
(WE TCPAP).This protocol relies on the MAC layer information
gathere by a new method to accurately estimate the available
bandwidth and the path capacity over a wireless network path.
The new congestion control mechanism is evaluated in
different scenarios in wireless mesh and ad-hoc networks, and
compared against several approaches for wireless congestion
control. It is shown that the new WE TCP-AP outperforms the
base TCP-AP, with a more stable behavior and better channel
utilization, and its performance gets close to the one of rate-
based protocols. This is a very important result, as we show
that TCP-based approaches are still able to have good
performance in wireless mesh and ad-hoc networks.
Index Terms: CP-AP congestion control available
banadwidth path capacity node count fair share
performance wireless networks. cp-ap congestion
control available bandwidth path capacity node count
fair share perforrmance wireless networks. T

[. INTRODUCTION

ireless networks have major factors that limit
VVtheir performance, such as limited capacity and

available bandwidth [5]. This results in severe
congestion collapses. The support of a congestion
control scheme that provides an efficient and accurate
sharing of the underlying network capacity among
multiple competing

applications is crucial to the efficiency and
stability of wireless networks. Actively using link capacity
and available bandwidth for congestion control will
surely make these networks more efficient. Link capacity
can vary due to a variety of factors, such as handoffs,
channel allocation and, of course, channel quality. In
[25] we proposed a new mechanism for measuring
wireless link capacity and available bandwidth, called rt-
Winf. rt-Winf uses the information already present in the
network and available at the MAC layer to accurately

Author: Instituto Polit ‘ecnico de Viana do Castelo, Portugal, and is a
researcher in the Instituto de Telecomunicac, “oes, Universidade de
Aveiro, Portugal. e-mail: Ibarrefo@esce.jpve.pt

determine the link capacity and available bandwidth.
Another important characteristic of rt- Winf is that it can
be used by any existing wireless equipment through a
cross-layer shared database.

To address the congestion control problems of
wireless networks, new congestion control techniques
have been proposed, through TCP-based (AIMD -
Additive Increase Multiplicative Decrease) and Rate-
based schemes. In [12] we proposed new rate based
congestion control protocols, based on eXplicit
Congestion Protocol (XCP) [20] and Rate Control
Protocol (RCP) [16], with link capacity and available
bandwidth estimation through rt-Winf. The performance
of these protocols is increased when compared to
available wireless-enabled congestion control
approaches. Although these protocols can work
together with TCP, they are not able to inter-operate in
an end-to-end system. Therefore, it is very important to
develop a TCP-based approach that is able to efficiently
work in wireless based environments, and that can

provide comparable performance to rate-based
approaches.
The Transmission Control  Protocol  with

Adaptive Pacing (TCP-AP) [17] is a congestion control
mechanism based on TCP [23], specifically designed
for ad-hoc multi-hop wireless networks, being one of the
wireless-enabled  TCP  protocols  with better
performance. TCP-AP uses a hybrid scheme between a
pure rate-based transmission control and TCP’s use of
the congestion window. However, TCP-AP, as studied in
[12], is very conservative and does not use very
efficiently the medium. TCP-AP relies only on a 4-hop
propagation delay technique to evaluate the link
available bandwidth and capacity, not taking into
consideration all the factors that influence link
evaluation. New simulation results, presented in this
paper, conducted in wireless ad-hoc scenarios, clearly
show that TCP-AP lacks of efficiency and is not using
correctly the medium; it is not evaluating correctly the
parameters that are real constraints in such networks.

In this paper, an enhanced version of the work
in [10], we propose a new approach to improve TCP-AP
behavior, based on the integration of the on-line
capacity and available bandwidth estimation technique,
ri-Winf, with TCP-AP through a cross layer approach.
Simulation results show that the rt-Winf integration is
improving TCP-AP performance. However, it still reflects
some of TCP-AP flaws, especially concerning fairness
and the fact that it does not use the entire network
information, as it relies on the knowledge of only 4 hop

© 2016 Global Journals Inc. (US)
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propagation delay. Thus, it is also important to improve
its operations with the knowledge of all nodes along the
path contending for available bandwidth and capacity,
introducing the fairness factor and the network
interaction behavior. Therefore, we propose a new
approach to take this information into account. New
simulation results show that the consideration of the
node path effect and the integration of rt-Winf clear
improve base TCP-AP performance. The simulation
results were conducted on both ad-hoc and mesh
wireless networks. These considerations represent a
significant step towards congestion control in wireless
networks, as they show that TCP-based schemes are
able to efficiently work in these wireless adverse
environments.

The remaining of this paper is organized as
follows. Next section, section Il, briefly presents the
related work on congestion control mechanisms for
wireless networks. Section IlI briefly describes the rt-Winf
mechanism. Section IV presents a first evaluation of
TCP-AP and addresses main TCP-AP problems. Then,
section V describes how rt-Winf is integrated with
TCPAP, and section VI presents a new approach for the
node path contention count effect. Section VII depicts
and discusses the results obtained through simulation,
using mesh and adhoc scenarios with different

characteristics. Finally, section VIII presents the
conclusions and future work.
[1. RELATED WORK
New efforts have been made to improve

congestion control in wireless networks. The Wireless
Control Protocol (WCP) [24], WCP with Capacity
Estimation (WCPCap) [24], Cooperative Neighborhood
Airtime-limiting (CNA) [19], HOP [21], EZ-Flow [9] and
Neighborhood Random Early Detection (NRED) [28] are
some examples.

TCP, as the most used congestion control
protocol, has also been the underlying development for
some congestion mechanisms in wireless environments,
such as TCP-AP [17]. More recent developments, based
on rate based congestion protocols, like the eXplicit
Control Protocol (XCP) [20] and the Rate Control
Protocol (RCP) [16], are XCP-b [4], XCP-Winf [11] and
RCP-Winf [11].

WCP is an AIMD-based rate-control protocol for
multi-hop wireless networks. WCP was designed with
the goal to be used on networks with arbitrary traffic
pattern. During congestion, WCP signals all flows in a
neighborhood of congestion and sets the control interval
to the maximum Round Trip Time (RTT) of any flow in
the neighborhood. WCP explicitly exchanges congestion
information within a neighborhood, and all nodes within
the neighborhood mark packets with congestion
indicators, triggering rate reductions at the source.

WCPCap is a distributed rate controller that
estimates the available capacity within each

© 2016 Global Journals Inc. (US)

neighborhood, and divides this capacity to contending
flows. With WCPCap it is evident that considering
wireless congestion collectively over a neighborhood of
a link is essential to any future design of wireless
congestion control. WCPCap uses a sophisticated
stochastic model for estimating the achievable rate
region, given packet loss rates, topology, and flow
information. It then allocates the achievable capacity
fairly across flows, sending feedback to the sources.

CNA is a hybrid approach, in that it explicitly
allocates the channel resources, but provides only
imprecise feedback to the source. CNA achieves
efficient airtime allocation by distributing available
airtime within a wireless neighborhood, then monitoring
the air utilization and dynamically redistributing unused
airtime to improve overall airtime usage. The authors of
CNA claim that it achieves transparency, low overhead,
and responsiveness. CAN considers airtime to be the
fraction of the time that a wireless link can occupy the
shared channel; it does not consider, however, the time
a node is waiting to transmit.

HOP is a clean-slate design of hop-by-hop
congestion control. HOP tries to use reliable per-hop
block transfer as a building block. HOP is referred by its
authors as: fast, because it eliminates many sources of
overhead as well as noisy end-to end rate control;
robust to partitions and route changes, because of hop-
by-hop control as well as in-network caching; and
simple, because it obviates complex end-to-end rate
control as well as complex interactions between the
transport and link layers.

EZ-Flow is a back-pressure congestion control
mechanism which does not require explicit signaling. A
back-pressure mechanism flow control allows loss-free
transmission by having gateways verify that the next
gateway has sufficient buffer space available before
sending data, thus EZ-Flow is a cooperative congestion
control. EZ-flow operates by adapting the minimum
congestion window parameter at each relay node,
based on an estimation of the buffer occupancy at its
successor node in the mesh.

NRED identifies a subset of flows which share
channel capacity with flows passing through a
congested node. However, it identifies only a subset of
contending flows: it misses flows that traverse 2-hop
neighbors of a node without traversing its 1-hop
neighbors. Moreover, the mechanism to regulate the
traffic rates on these flows is quite a bit complex (it
involves estimating a neighborhood queue size and
using RED-style marking on packets in this queue).
NRED has an important disadvantage, being intimately
tied to a particular queue management technique (RED)
and requires special hardware for channel monitoring.

TCP-AP uses a 4-hop propagation delay
technique, and it considers a hybrid scheme between a
pure rate-based transmission control and TCP’s use of
the congestion window to trigger new data packets to



be sent into the network. A TCP sender adaptively sets
its transmission rate using an estimate of the current 4-
hop propagation delay and the coefficient of variation of
recently measured round-trip times. The 4-hop
propagation delay describes the time elapsed between
transmitting a TCP packet by the TCP source node, and
receiving the packet at the node which lies 4 hops apart
from the source node along the path to the destination.

XCP-b is a XCP based congestion control
mechanism, as it tries to extend XCP for shared-access,
multi-rate wireless networks by calculating, using very
complex heuristics, the available bandwidth of the
wireless channel. XCP-b uses indirect parameters such
as queue sizes and the number of link layer
retransmissions to obtain the desired measurements.
XCP-b major drawback is that it becomes inefficient over
highly dynamic wireless networks. In  wireless
environments with few nodes and less mobility, XCP-b
can obtain good performance results in terms of
stability, fairness, and convergence.

XCP-Winf and RCP-Winf are two new
congestion control mechanisms that use MAC layer
information through a cross layer communication
process. The rt-Winf algorithm performs link capacity
and available bandwidth calculations without interfering
in the network dynamics, and without increasing network
overhead; these parameters are then passed to the
congestion control mechanisms based on explicit
congestion notifications, XCP and RCP, to accurately
determine the network status and act accordingly. The
evaluation results of XCP-Winf and RCPWinf, obtained
through ns2 [1] simulations, show that the rt- Winf
algorithm improves significantly XCP and RCP behavior
making them more efficient and stable. In [12] it was
shown that these rate-based approaches have better
performance in wireless scenarios when compared to
TCP-based approaches. In this paper we will work on
the enhancement of TCP-based approaches to target a
similar performance than rate-based in end-to-end TCP
compatible approaches.

Table | qualitatively compares the previous
referred mechanisms along some dimensions. We will
then work with TCPAP protocol, being the one TCP-
based, and providing good performance when
compared to other similar approaches.

111. RT-WINF DESCRIPTION

The rt-Winf mechanism has been inspired by
IdleGap [7], but with the purpose to mitigate IdleGap
main issues and problems, and also with the intention to
be compatible with all systems and being able to
determine both the link capacity and available
bandwidth without overloading the network. rt-Winf does
not introduce any change to the OSI Model, as opposed
to ldleGap, being able to obtain all the necessary times
to obtain the path capacity and the available bandwidth.
Another important aspect of rt-Winf, relatively to IdleGap
[7], is that it does not use the DataRate value of the
IEEE802.11 header [3] as the link capacity estimation.

This mechanism can be used with the Carrier
Sense Multiple Access - Collision Avoidance (CSMA-CA)
[13] Request To Send (RTS)/ Clear To Send (CTS)
handshake enabled in the wireless communication or
with probe packets when RTS/CTS packets are not
present. The usage of RTS/CTS handshake is optional,
but it is nowadays widely supported by all wireless
equipments. Its usage, in a traditional wireless network,
represents a negligible cost in terms of overhead [8].

a) RTS/CTS Packets

rt-Winf with RTS/CTS control packets enabled
relies on this handshake to correctly retrieve the NAV
values.

In order to evaluate the accuracy of the duration
field on the IEEE802.11 header, we performed a large
number of captures (~200). We concluded that the
duration value on data packets is not reliable, because
different sized packets have always the

Table | . Congestion Control Mechanisms Comparison.

Cross- Control TCP AIMD Rate | Inter. Node| MAC Multi
Layer Param. based based based | Feed-back Rate
NRED Yes Buffer Yes
XCP-Winf Yes Rate Yes Yes Yes
RCP- Winf
WCP Rate Yes Yes
\WCPCap Rate Yes Yes Yes
CNA Window Yes Yes
EZ-Flow Yes Buffer Yes
HOP Window Yes Yes
TCP-AP Window Yes Yes Yes Yes
XCP-b Yes Buffer Yes
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same duration. The RTS/CTS packets have accurate
duration values, which can be used in the calculations.

With the obtained captures, it was possible to
realize how each state managed the received packets.
In the case of the Sender state, the node was able to
capture the CTS, DATA and ACK packets. A node in the
Receiver state was able to capture the RTS and the
DATA packets, while a node in the Onlooker state was
able to capture the complete set of packets: RTS, CTS,
DATA and ACK. This different knowledge implied the
conception of different algorithms for each state. Then,
we proposed that each node state uses a different
method to determine the Idle Rate. In the case of the
Sender, it is considered the NAV of the CTS packets on
the available bandwidth calculation. For the capacity
calculation, it is considered the time that the channel is
busy, that is, the difference between ACK time, CTS time
and the duration of the occurred Short Inter-Frame
Spacing - SIFS (where ACK time is the actual clock time
when the ACK packet is Received, and CTS time is the
clock time when CTS packet is received). The Receiver
uses the NAV of the RTS packets to obtain the Idle Rate
and the difference between the DATA time, RTS time
and 3 times SIFS to obtain the capacity (where DATA
and RTS times are, respectively, the clock time when
DATA packet is received and RTS packet is received).
The On looker uses the NAV value according to the
existence, or not, of the RTS packet to obtain both the
available bandwidth and capacity. If a node in the
Onlooker state captures a CTS packet of a
communication without capturing the RTS packet, this
implies that the communication is suffering from the
hidden nodes problem. Thus, the algorithm will only use
the NAV from the CTS packet to retrieve the correct
values. The total elapsed time represents the difference
between the last captured ACK time and the initial time.
The packet size considered is the DATA packet size.
Figure 1 shows the different approaches for each state
while Figure 2 represents the state diagram of the rt-
Winf tool. It is possible to observe each state’s
transitions. When a CTS packet is captured by the
Sender, it starts to evaluate the available bandwidth and
capacity, while the Receiver starts this process when a
RTS packet is received. The Receiver sends the
calculated available bandwidth and capacity in an ACK
packet to the Sender. When the Sender receives the
ACK packet with that information, from the Receiver,
compares it with the available bandwidth and capacity
that it has previously calculated. If the information
received through the ACK packet is lower than the
obtained, the sender will use the available bandwidth
and capacity received in the ACK packet. Otherwise, the
sender will transmit using the available bandwidth and
capacity calculated before. This cooperation is a great
improvement when compared to |ldleGap.
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b) Probe Packets

If RTS/CTS packets are not present, rt-Winf can
use probe packets in order to retrieve the transfer time
values. Probe packets can be sent between nodes.
These must be UDP generated packets with altered
Frame Control I[EEE 802.11 header: Type Data and
Subtype Reserved. We used packets with Frame Control
Type set to 10 (data) and Subtype to 1001 (Reserved).
This way the Sender and the Receiver can successfully
differentiate these packets from the ordinary data
packets. |[EEE802.11 standard defines that, for each
successfully received packet, it must be sent a MAC
ACK packet [3]. The whole process is very similar to the
one with the RTS/CTS handshake.

The generated packets are used to retrieve the
capacity and available bandwidth values, according to
Equation 1 and Equation 2. These packets are only sent
before a node wants to start a transmission and in the
absence of traffic. This allows the system to initially
determine the available bandwidth and capacity. Then,
the existing traffic and the MAC layer ACK will be used
to trigger the calculations. As NAV values are not
correctly defined in DATA packets, rt-Winf uses clock
time information to determine the busy time. So, NAV
values are not considered in this specific
implementation with probe packets. To be fully
operational, both Sender and Receiver must be running
the rt-Winf mechanism.

_ PacketSize
" TransferTime (1)

where TransferTime is equal to ACKTimel[1DataTime.

AB—1— Yy TransferTin?e «C
TotalElapsedTime

@

In a normal VolP call using G.711 codec [2], the
overhead introduced by this mechanism is _ 1:66%. For
a flow with more than 1Mbps, the overhead is less than
_0:15%.

[V.TCP-AP EVALUATION

As TCP-AP tries to retain the end-to-end
semantics of TCP, without any modifications on the link
and routing layers or the need of cross layer information,
as opposed to other proposals such as XCP-Winf or
XCP-b, it is important to understand how it reacts under
high density and high dynamic environments. TCPAP
was developed with the main purpose to improve
congestion control in ad-hoc wireless networks.

TCP-AP is a hybrid scheme that introduces the
concept of a 4-hop propagation delay, which is the
estimated elapsed time between the transmission of a
packet by the source and its reception by a node that is
4-hops away. This estimation uses the Round Trip Time
(RTT) of each packet. It implements rate-based packet
transmissions within the TCP congestion window, and



considers the standard AIMD scheme for the network

congestion
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Figure 2 rt-Winf sender and receiver state diagrams

control beyond the 4 hops. This is why TCP-AP is
considered as a hybrid approach, since it is rate based
as well as congestion window based.

In this section, we compare the TCP-AP
approach, using ns-2 [1] simulations, against XCP-b,
XCP-Winf and WCP. As WCP is also an AIMD and rate
based approach, it is a good baseline for comparison
purposes. The network scenario used is an adhoc

network with nodes varying from 8 to 256 nodes (8, 16,
32, 64, 128, 256). Nodes are distributed randomly
throughout the simulation area.

Flows also vary according to the number of
nodes: with 8 nodes we have 4 flows, with 16 nodes we
have 8 flows, and so on. The routing protocol used is
the Destination-Sequence Distance- Vector (DSDV) [22].
The configured default transmission range is 250
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meters, the default interference range is 500 meters,
and the channel data rate is 11 Mbps. The performance
metrics used are: the throughput, the delay of the
transmitted packets, and the number of received
packets. Each flow presents a FTP application
simulating a large file download. The mobility is
emulated through the ns-2 setdest tool to provide a
random node movement pattern. We configure setdest
with a minimum speed of 10 m/s, a maximum speed of
30 m/s and a topology boundary of 1000x1000 meters.
All results were obtained from ns-2 trace files, with the
help of trace2stats [18] scripts adapted to our own
needs. All simulations last 300 seconds and the
simulations are repeated 30 times with different ns-2
seed values. The mean and 95% confidence intervals
are presented in the results.

From Figure 3, Figure 4 and Figure 5 we can
observe that TCP-AP is the one with the worst results,
with a poor performance when compared to the other
approaches. From the Figures it is possible to observe
that TCP-AP presents lower performance results in
terms of delay, throughput and received packets. This is
due to the fact that TCP-AP is not obtaining correctly the
network’s maximum capacity, thus not avoiding
congestion and not using efficiently the medium. TCPAP

is over-estimating the available rate producing
congestion,
2500
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Figure 3 . Ad Hoc Scenario, Throughput
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represented by higher delays and less received packets.
As TCPAP rate estimation technique is not using a
reliable technique to evaluate the medium, the sender is
generating more traffic than the medium supports,
resulting in more packets queued, less packets in
transit, hence its throughput is decreased, the delay is
increased, and the number of received packets is also
decreased. Another characteristic of TCP-AP is that it
uses the standard AIMD process. This process is not
suitable for wireless networks as it overloads the
wireless channel. This behavior in conjunction with the
estimation technique of TCP-AP results in inaccurate
available bandwidth estimations and higher delays.

We can then conclude that TCP-AP is not
evaluating correctly and not using efficiently the
available bandwidth along the path, obtaining poor
throughput and behaving very conservatively, resulting
in a low number of received packets and high delay.
TCP-AP is also not considering a fair share of the
bandwidth to all flows, not using correctly the medium
and having a significant degradation of performance.

From Figure 3 it is possible to conclude that
XCP-Winf is using accurately the available bandwidth
and link capacity information from the MAC layer,
improving significantly network performance: it uses
more efficiently the medium, resulting in better delay
values. XCP-Winf, being a rate-based protocol, where
bandwidth and capacity estimation is based on the MAC
layer information, and providing node cooperation, it
can effectively and quickly adapt to the links conditions,
thus, improving network performance and making the

network behave more fairly.
From the presented results, it is also possible to

observe that WCP has better overall results than TCP-
AP. WCP has a rate control mechanism that reacts
explicity to  congestion, and a cooperative
communication process between neighbor nodes that
make WCP to react more efficiently to the network
conditions, allowing to have a better medium usage.
XCP-b results are better than the ones obtained
by TCPAP. However, its results are worse than the ones



obtained by XCP-Winf and WCP. XCP-b, although a
rate-based congestion control scheme, it uses complex
heuristics based on measuring indirect quantities like
queue sizes and the number of link layer
retransmissions, to estimate the available capacity.
Those direct measures are overestimating the available
capacity and bandwidth, specially when the network is
heavily utilized, resulting in performance degradation
and instable behavior. This is shown by the good XCP-b
results when the number of flows is relatively small.

Although TCP-AP scheme is a hybrid scheme of
sender rate control and congestion control, TCP-AP is
based on two assumptions: the rate control mechanism
is efficient and the contention and spatial reuse is
accurate. These assumptions may not be effective in
some network topologies. This assumption is clearly not
effective in high mobility wireless scenarios. The
conservativeness of TCP-AP is observed in its
throughput (Figure 3) results and received packets
(Figure 5). While having good throughput results, they
are obtained with less received packets. This is a
consequence of using the hybrid scheme for congestion
control.

TCP-AP is not using information from the MAC
layer: it relies on the transmission of packets at the
transport layer. This principle is failing effectively to
transmit packets at the MAC layer, making it reacting
with poor performance in terms of received packets. As
TCP-AP is not relying in an effective available bandwidth
and link capacity estimation mechanisms at the MAC
layer, the sender assumes that the bandwidth of all links
in the path is the same and the medium usage is clearly
not efficient. Due to its 4 hop propagation delay
assumption, TCP-AP available bandwidth and link
capacity estimation is not considering the nodes along
the route path, which are the nodes that contend from
the available bandwidth along the path. This is specially
relevant when we are dealing with a high density and
high mobility network, introducing inaccuracy and lack
of fairess on the TCP-AP performance.

V. Tcp-Ap wiTH RT-WINF

The base TCP-AP considers network and
transport layer information (RTT values) for its capacity
and available bandwidth estimations. This technique is
not very accurate introducing inefficiency to the
congestion control process. This was already shown in
wired networks, in works [15] and [6], which introduced
packet dispersion to analyze the capacity and available
bandwidth estimations. This problem is even increased
when dealing with wireless networks, since their
variation and instability increase.

We claim that it is important to have a cross-
layer approach for bandwidth and link capacity
estimation: using information provided by several layers,
including the MAC layer, it is expected that the

congestion control mechanism is more reliable and
effective. Therefore, we propose TCP-AP with rt-Winf,
which relies on the main functioning principles of TCP-
AP, but uses information provided by rt-Winf [25] to
determine the link capacity and available bandwidth.

As rt-Winf obtains the link capacity and
available bandwidth in the MAC layer, this information
has to be accessed by TCPAP through a cross-layer
communication process. One example of such cross-
layer communication process is the MobileMan [14]
cross-layered network stack. This communication
system uses a shared database architecture, with a set
of methods to get/insert information from/in the
database accessible by all protocol layers.

Our approach, when compared to the base
TCP-AP, changes the way each node calculates the 4-
hop delay (FHD) and the average packet queuing delay
per node (tg), with the rt-Winf link capacity and available
bandwidth values. Thus,

_ L Trrr Sdata — Sack (3)
fg=5( -
25 h Cwiny

where Tgrr represents the RTT value, h represents the
number of hops between the sender and receiver, Sdata
is the size of the data packet and Sack is the size of the
ACK packet. Finally, CWin f corresponds to the rt-Winf
link capacity. The previous equation allows to update
the 4-hop delay (FHD) by:

Sdata ) (4)

FHD =4 x (t, +
(g ABwinf

where ABwi is the rt-Winfavailable bandwidth.
Considering that a high density and high
mobility network suffers from a large number of
collisions, rt-Winf mechanism was updated with the
effect of collision probability. Notice that r#-Winf works
on the IEEE 802.11 [3] MAC layer that uses the
Distribution Coordination Function (DCF) as the access
method. This function is based on the CSMA-CA
principle, in which a host wishing to transmit senses the
channel, waits for a period of time, and then transmits if
the medium is still free. If the packet is correctly
received, the receiving host sends an ACK frame after
another fixed period of time. If the ACK frame is not
received by the sending host, a collision is assumed to
have occurred. Therefore, to improve efficiency and
reliability of TCPAP with r-Winf, collision probability is
accounted for. When a sender cannot transmit due to
collision, the back off mechanism is activated. This
mechanism is also consuming bandwidth that is not
really used by the channel. This unused channel
contention bandwidth can be allocated as an extra
bandwidth. This extra bandwidth, Cexra, is defined by:
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Tpirs i
Tin) x W (5)
Thack aff

where Tprsis the IEEE 802.11 DCF Inter frame Space,
Toacko £ ¢ IS the medium backoff time, T, is the time
between the transmission of two packets and W is the
channel bit rate. The collision probability (P;) can then
be defined as 1-Ceqra- Applying this result to the rt-winf
inference mechanism, the available bandwidth (AB)
becomes:

Cextra = (

1,
AB:PCxABW,,,f—MB:(M)xABW,»,,f (6)

Algorithm 1: WE TCP-AP Source Node Operations.
foreach ACK packet do
Node estimates node path (NP) from MAC ACK
Node computes NP-1
if NP —1 <=4 then
| HD=FHD,
else

R= NP+1 .
— NPxW~
LHD:RXFHD

VI. WIRELESS ENHANCED TCP-AP -
TCP-AP

In a wireless network, nodes along a multi-hop
path (NP) contend among themselves for access to the
medium, i.e, they contend for available bandwidth. To
obtain the contention of nodes along the path, it is
important to know the contention count of each node.
The contention count at a node is the number of nodes
on the multi-hop path that are located within carrier
sensing range of the given node, and can be obtained
as described in [26]. Considering that TCP-AP only
implements adaptive pacing at the sender side,
available bandwidth and capacity estimation must take
into consideration nodes along the path between the
source and the sink, that is, the bandwidth contending
successors and predecessors on the route path.
However, this is not true in TCP-AP, since it is
considering only 4-hop neighborhood for these
contending estimations. Therefore, to eliminate this
inaccuracy, we changed TCP-AP with rt-Winf to use a
coefficient (R is the unused bandwidth) that represents
the proportion of bandwidth contention among other
nodes on the path, thus, maximizing the throughput
while guaranteeing fairness. If we consider NP as all
nodes along the path and if NP11 is equal or less than
4, then TCP-AP with rt-Winf is kept unchanged; if NP1
is higher than 4, then the FHD equation, now called the
hop delay (HD) is updated to:

HD = FHD x R (7)
Where
oo It p 8)
W
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then,
NP+ 1

NP xW

HD=4x(

) x (1g + daia_) ©)

Algorithm 1 shows the pseudo-code of an WE
TCP-AP source node.

As R represents the unused bandwidth due to
node contention and queue management along the
path, it introduces the fairness factor allowing an
improved fair share of the available bandwidth among
all contending nodes, not only the ones within the 4-hop
propagation delay, improving WE TCP-AP behavior and
making it behave more accurately.

[1. SIMULATION RESULTS

This section presents simulation results of our
proposed congestion control mechanism. The results
are obtained using the ns- 2 simulator [1]. The
underlying rt-Winf mechanism is configured with
enabled RTS/CTS/ACK handshake packets. The
proposed mechanism is evaluated against the base
TCP-AP protocol, WCP and XCP-Winf. Two different
scenarios were used: the same ad-hoc scenario
presented in section V, and a wireless mesh topology
scenario that is presented to understand how the new
proposals behave under different conditions. This
scenario is
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Figure 6 .16 Mesh Nodes - Variable Number of Mobile
Nodes, TCP-AP with rt--Winf Throughput

defined with a grid of 16 mesh nodes and a
variable number of mobile nodes. The number of mobile
nodes changes from 3 to 7. For the data transmissions,
it is used a File Transfer Protocol (FTP) application with
packets of 1500 bytes. It was used the same mobility
tools and trace scripts as in the TCPAP evaluation in
section V. First, we analyze the results of the TCP-AP
with rt-Winf, and then we analyze the results with the
enhanced contention approach, the complete WE TCP-
AP. Again, all simulations last 300 seconds and the
simulations are repeated 30 times with different ns-2
seed values. The mean and 95% confidence intervals
are presented in the results.



a) TCP-AP with ri-Winf

Figure 6, Figure 7 and Figure 8 show the
performance metrics for the mesh topology scenario.
From the observation of the results, it is possible to
conclude that TCP-AP with rt-Winf integrated clearly
improves TCP-AP  performance behavior, but its
performance is still below the one of XCP-Winf. TCP-AP
with rt-Winf is only taking into consideration rt-Winf
information for the last 4 hop nodes; TCP-AP, as
opposed to XCP-Winf, uses the standard behavior of
TCP for the other hops of the network, considering that
all links have the same bandwidth.

Another important drawback of TCP-AP with rt-
Winf is the fact that it does not have a fairness module,
resulting in a more conservative and less fair operation.
The fairness module is a native mechanism used by
XCP-Winf. As TCP-AP with rt-Winf uses, in most of its
functioning, the standard AIMD process of TCP and is
not entirely using the available information between the
source and the sink, its results are not similar to the
ones of XCP-Winf. XCP-Winf also relies on the overall
node path interaction, using a cooperative approach to
obtain the best available bandwidth and link capacity
usage. In TCP-AP with rt-Winf, as the number of nodes
or flows increases, it uses conservative mechanisms,
reducing its performance especially concerning received
packets.

WCP obtains better results than TCP-AP with rt-
Winf. WCP uses explicit congestion information between
nodes that trigger rate changes, making it behave with
good efficiency and fairly. As XCP-Winf uses the rt-Winf
mechanism as its base estimation tool, it has a precise
feedback communication mechanism between all the
nodes along the path using total network cooperation,
and it is able to better use the channel with less losses,
resulting in a more efficient and accurate behavior.

Figure 9, Figure 10 and Figure 11 show the
results for the ad-hoc topology scenario. In this
scenario, we can see that rt- Winf clearly improves TCP-
AP performance, compared to TCPAP and WCP.
However, TCP-AP with rt-Winf still reflects some
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of TCP-AP flaws. With the increase of the number of
flows, TCP-AP with rt-winf becomes less efficient, as it is
only relying on the 4-hop propagation delay and the
AIMD process, not considering the entire network
topology for its rate changes. This is shown by being
able to obtain good throughput results, compared to
XCP-Winf, when the network is not heavily loaded. When
increasing the number of nodes, number of flows and
the mobility density, TCP-AP with rt-Winf becomes more
inefficient, reducing significantly its throughput and the
number of received packets when compared to the
other approaches. TCP-AP with rt-Winf is also more fair
than TCP-AP to mobility changes, but it still shows an
unstable behavior. WCP has overall good results:
although being an hybrid approach, it uses a more
effective congestion and control interval, as all nodes
within the congestion neighborhood mark packets with
congestion indicators, triggering rate reductions more
efficiently at the source.

b) WE TCP-AP

This section presents the simulation results of
WE TCP-AP in both mesh and ad-hoc scenarios.

Figure 12, Figure 13 and Figure 14 show the
performance metrics. Figure 12 shows how throughput
is improved in WE TCP-AP. The WE TCP-AP throughput
values are between 20% and _ 40% better than the
ones with the standard TCP-AP, and between  14%
and _ 25% better than TCP-AP with rt-Winf.

In terms of received packets, as observed in
Figure 14, it is possible to see that WE TCP-AP is able to
use more efficiently
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the medium, as it can transmit more packets increasing
overall throughput results. More received packets
means that more transmissions are allowed, thus WE
TCP-AP is behaving more fairly. With these
improvements, the network can transmit with a higher
rate and incurring less losses. As more packets are
transmitted, more throughput is obtained and the
medium is better and more efficiently used. This allows

© 2016 Global Journals Inc. (US)

to have a more stable and fair behavior. It is, however,
important to say that
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TCP-AP has a very conservative behavior, as it
allows a good throughput with less received packets.
This behavior is clearly improved with WE TCP-AP. The
delay values, in Figure 13, are also reduced reinforcing
the fact that this new proposal is much more efficient
and fair, with better medium usage, than the base
protocol. The better results are still obtained by XCP-
Winf, but it is closely followed by WE TCP-AP: it is clear
that the use of MAC layer information and the node path
contention count is making WE TCP-AP to react more
efficiently to the network dynamics.

Figure 15, Figure 16 and Figure 17 show WE
TCP-AP results in the ad-hoc network scenarios, as
defined before. From the obtained results, it is possible
to observe that TCP-AP with rt- Winf integrated and
node path contention clearly improves base TCP-AP
performance behavior. It is possible to conclude that,
with more nodes and flows in the network, WE TCP-AP
is more efficient than the standard TCP-AP proposal.
XCP-Winf uses an explicit congestion control notification
mechanism for an accurate rate change and relies in the
link capacity at the MAC layer information; in this
scenario, it is also able to operate more efficiently than



WE TCP-AP, specially concerning the number of
received packets. WE TCP-AP is not a pure rate-based
congestion control mechanism with explicit feedback,
thus it is not reacting quickly to network changes. The
AIMD process of WE TCP-AP still introduces some
instability and behavior problems.

WE TCP-AP, as opposed to TCP-AP, is
considering a fair share of the unused bandwidth, that
results from the use of the node path contention count,
making it behave more efficiently and
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allowing it to increase the flow rate, and consequently
increase the number of received packets and reducing
the overall delay. We can conclude that the available
bandwidth and capacity evaluation of rt-Winf, estimated
at the MAC layer, the collision probability and the node
contention count factors are relevant and surely make
WE TCP-AP behave more consistently and with better
channel utilization, which also leads to less channel
losses. Comparing both ad-hoc and mesh results, it is

evident that WE TCP-AP results have better performance
on the ad-hoc environments; this is due to the fact that

TCP-AP was developed having in mind ad-hoc
networks; moreover, its underlying hybrid scheme is

better suited for ad-hoc networks with high density and
mobility.

For a better understanding of how the factor R
is influencing WE TCP-AP behavior, a central network
chain scenario was defined. It must be noted that the
standard TCP-AP 4-hop propagation delay assumes
that "every fourth node can transmit in a multi-hop chain
topology”. On this scenario, it was used the proposed
version of WE TCP-AP and the TCP-AP with rt-Winf
version. The chain scenario consists of a network
divided in three parts. Figure 18 depicts the network
topology with four chains of nodes. The application
used simulates a FTP transfer. The results are shown in
Figure 19, Figure 20 and Figure 21. The presented
results clearly show that, with the increase of the chain
nodes, TCP-AP with rt-Winf has worse results: it
becomes less efficient an less accurate, as it is not
considering the unused share of bandwidth. WE TCP-
AP, on the other hand, is more accurate, since the
available bandwidth and capacity
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estimation are considering the nodes along the path between the sources and the sinks nodes, that is, the
contending successors and predecessors on the route path. It is then shown that the factor R, which represents the
proportion of bandwidth contention among other nodes on the path, is maximizing the throughput while
guaranteeing fairness.
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c) Ulility

As TCP is the most used and deployed
congestion control protocol on the Internet, it is
important, as described on [27], to analyze how WE
TCP-AP flows interact and compete with TCP. To
analyze how friendly WE TCP-AP is, we use the average
data rate over time for each flow, thus allowing to
observe how bandwidth is being managed between
TCP and the WE TCPAP proposal. This is called the
utility of a congestion control mechanism against TCP.

The evaluation scenarios consist of a
1000mx1000m area, divided in three distinct parts. In
the left side area, with 250mx250m, we have two mobile
source nodes: one source node is configured to use
only the standard TCP, and the other source
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node uses the WE TCP-AP congestion control
mechanism. The right side of the area has the same
characteristics of the left area but, instead of source we
have sink nodes. Finally, the middle area, with
500x500m, has two mobile nodes configured with the
WE TCP-AP mechanism as their main congestion
control mechanism. The average data rate is measured
in these two nodes, as they will have TCP and WE TCP-
AP-like flows competing.

We have defined two evaluation scenarios. One
scenario contains each source generating 8 FTP flows,
with packets of 1500 bytes. In the other scenario we
have each source generating sixteen FTP flows. The
simulations last 120 seconds. The obtained results are
shown in Figure 22 and Figure 23.

From the utility results, it is possible to observe
that, on both situations, the TCP flow grows faster and
gains more bandwidth on the beginning. However, as
WE TCP-AP is a hybrid approach, keeping unchanged
the AIMD process of TCP and being updated with an
evaluation and measurement process, it quickly adjusts
to TCP behavior, thus, allowing a fair share of network
resources.

VIII. CONCLUSIONS AND FUTURE WORK

This paper proposed a new approach to
congestion control, based on TCP-AP and a new
wireless inference mechanism, rt- Winf. rt-Winf
measures the wireless capacity and the available
bandwidth of wireless links, and feeds this information to
TCPAP, through a cross-layer communication process.
Two different improvements were also considered on
the new approach: the awareness of collision probability
on the available bandwidth approach, and the node
path contention count on the 4-hop propagation delay
approach.

The performance evaluation study of the
proposed congestion control mechanism shows that the
integration of rt-Winf and the proposed enhancements
allow to make TCP-AP behavior more efficient, resulting
in better overall network performance. Using rt-Winf, that
works in the MAC layer, it is possible to perform link
capacity and available bandwidth calculations without
interfering in the network dynamics, allowing to
significantly improve TCPAP performance. The node
path contention also significantly improves TCP-AP
performance, with more noticeable results for larger
chains of nodes. This congestion control mechanism is
denoted as WE TCP-AP.

As future work, we plan to work on the wider
evaluation of the congestion control approach, using for
example, new comparison baselines and protocols. An
effort will also be made in creating a future test bed for
understanding how the proposed mechanism is
affected by different conditions and parameters, in a real
environment.
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Enhancing Security to Protect E-Passport
against Photo Forgery

Prof. Dr. Alaa Hussein Al - Hamami * & Muna Amin Alabed Alhafez °

Abstract- Electronic Passport (e-passport) is one of the results
of the electronic revolution in the World; since the passport is
the document of the person in terms of identity and nationality
and is the property of the country. One of the most important
challenges is to protect this document from forgery. The
common forgery for the passport is replacing its holder photo.
The proposed system concentrates on the security part of the
e-passport. It consists of two parts; the first part is hiding of
the security code by using steganography and storing the
same code in the RFID tag by the issuing country of the e-
passport. The other part will be operated at the control point of
the destination country to make sure of the e-passport validity
by checking the hidden code using NFC and verify it with the
one in the RFID tag. If the two values are equal, then the
system will compute a key using Diffie-Hellman Key Exchange.
This key will be used to read the secret information in the tag.
Keywords. steganography, nearest field communication,
radio frequency identification, and epassport.

. INTRODUCTION

peed, time and security components have
S become the most important success factors in any

developed system and at the same time number
of travellers around the world is increasing continuously.
Since the airports are the main ports of the States, the
movement of passengers through the gates in order to
verify the identity of travellers requiring high accuracy to
make sure that no forgery and no impersonate the
passport holder.

E-passport technology (Kundra & et al, 2014)
has become an important substitution of the traditional
passports in the access controls intended for travel
around the world since the authentication of the
passenger using it becomes faster, more secure, and
more preserving of the privacy of passengers (Juels& et
al, 2005). In addition, the forgery processes of the

traditional passports are not available in the e-
Passports.

Some of these challenges are cloning, and
spoofing of RFID. Other challenges are the

impersonation and eavesdropping attacks on the reader
devices. The communication between the Tag and
inspection system are controlled by the cryptography
techniques to overcome these types of attacks.

Author a. Faculty of Computer Sciences and Informatics, Amman Arab
University Amman, Jordan.

Author o Faculty of Computer Sciences and Informatics, Amman Arab
University Amman, Jordan. e-mail: muna_hafizZ83@yahoo.com

[I. LITERATURE REVIEWS

An Anti-Cloning and Anti-Skimming Protocol
(ACASP) (Saeed & et al, 2009) has been proposed to
counter the vulnerabilities of Basic Access Control and
Active Authentication with respect to RFID chip
skimming, and cloning. It takes advantage of public-
private key pair stored in the chip and the optional data
storage capacity in Machine Readable Zone (MRZ) of
the passport. An advantage of ACASP is that it can be
implemented without any modifications in the hardware
of the reader and the Tag. And there is no need to make
changes in the Logical Data Structure (LDS) of the RFID

chip- (Benssalah et al., 2012) proposed an
authentication algorithm based on elliptic curves
ElGamal encryption (ElGamal, 1985). The main benefits
of this protocol are that fights against four types of
security threats; Simple power analysis and timing

analysis, Passive attacks, Man-in-the middle, and
Replay attack.
Al-Hamami  (Al-Hamami & Al-Anni, 2005A)

suggested some new authentication method by using a
firm authentication method by extracting some features
for the original name of the holder with the passport
number and digest them in a form, by applying some
techniques, that can be hidden in the passport's photo.

A method for e-passport verification depending
on watermarking (Wang & et al, 2013) has been
proposed which is composed of multimodal biometric
feature and the parity check code of that multimodal
biometric feature. The need for the multimodal biometric
feature is to verify the passport owner, and the parity
check code is for the verification of the integrity of the
passport itself.

The main idea in (Peeters et al., 2014) is to use
mutual authentication protocol pattern instead of
bootstrap from the low entropy value in MRZ. In order to
protect the e-passport holder's privacy, terminal
authentication takes place first, and then the e-passport
authentication which uses Sigma-I or IBIHOP+.

(Al-Hamami & Al-Anni, 2005B) suggested a
protocol to solve the problem of e-passport verification
and authentication. (Al-Hamami & Al-Anni, 2005)
suggested to use an invisible watermark to be hidden in
the passport headshot to solve the problem of the
passport verification, and they also suggested to use
Diffie—-Hellman to solve the problem of mutual

© 2016 Global Journals Inc. (US)

2016

Global Journal of Computer Science and chhnology ( E) Volume XVI Issue VI Version I ﬂ



2016

Global Journal of Computer Science and chhnology ( E) Volume XVI Issue VI Version | E

authentication between the e-passport and the
inspection system.

[I1. STATEMENT OF PROBLEM

The aim of this paper is to propose a method to
enhance the security part of the epassport. Since the
epassport is an international issue, we tried to use an
international security method. This will be done by using
an international prime number code assigned for each
country, using a secret code for every country for
privacy, and using unified methods Diffie-Hellman key
exchange to «create the exchanged key and
steganography method to hide the secret code for
privacy and authentication (Hariri & et al, 2011).

[V.THE PROPOSED SOLUTION

This paper aims to use a global method for
greater security of epassport at airports check points.
This depends on giving each country its own prime
(what's wrong in this key? The main idea of Diffie-
Hellman and ElGamal is to use a large prime number)
number. This number should be a prime number or it will
be converted to a prime number so that it can be used
in the proposed framework of scrutiny and increased
passport security.

In general, the proposed method is to use
Diffie-Hellman key exchange Algorithm to share a
private key between the Tag and the Inspection System
(IS). The inspection system will use NFC technology in
the reader devices which allows the reader to
communicate with RFID Tag without needing to touch
the devices together or go through multiple steps setting
up a connection and allows the exchange of information
between devices through short-range waves about four
centimeters a maximum so as to prevent contact by
mistake to other devices.

A calculated value will be hidden in the passport
photo by using steganography method. When, the
passport holder arrives the access control, and during
the Diffie-Hellman key exchange process, the reader
obtains a value from the Tag. Then, the reader scans the
passport photo and compares the value hidden in the
photo with the obtained value; if they were identical, the
reader can make sure that the Tag is not cloned and it is
authenticated.

After the mutual authentication process
between the Tag and the reader, and after each of them
calculates the secret key using Diffie-Hellman, the Tag
sends the identification data (which are stored in
plaintext format) of the passport holder using
asymmetric encryption algorithm (ElGamal encryption
system) to convert the plaintext into cipher-text and then
the reader reconverts the cipher-text into plaintext.
Figure 1 explains the proposed framework.

© 2016 Global Journals Inc. (US)
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The proposed method consists of two phases;
e-passport generation phase, represented in Figure 1.A,
and e-passport verification and mutual authentication,
represented in Figure 1.B.

a) Phase one is composed of three algorithms. Each
one is responsible for one type of processes. These
algorithms have to be performed by the originator
country.

V. ALGORITHM ONE (PARAMETER
ACQUISITION)

a) Read the applicant identification data.
b) Validate entries.
c) Store the entries in the e-passport chip.

VI. ALGORITHM THREE (TEXT
STEGANOGRAPHY)

a) Using Diffie-Hellman algorithm, generate the
public key (A).

b) Generate a random number (r) and store it in
the Tag.

C) Scan the headshot of the applicant.

d) Hide the generated public key (A) in the
headshot using Least Significant Bit encoding
(LSB) steganography technique. Use the
random number (r) as a password for the
steganography process.

e) Phase two is composed of four algorithms.
These algorithms have to be performed by the
access control country.

VII. ALGORITHM ONE (MUTUAL

AUTHENTICATION)

Continue the Diffie-Hellman algorithm, which
has been started in step (a) of algorithm three of phase
one, in order for the chip and the reader to obtain a
shared secrete key (K).

VIII. ALGORITHM Two (E-PAssPORT CHIP
VERIFICATION)

a) Using ElGamal
number (r).

b) Extract the hidden value from the headshot, and use
the value (r) as the password for that.

Obtain the public key value (A) from the chip
during Diffie-Hellman algorithm.

Compare the extracted value in step (b) with
obtained value in step (¢); if they were identical, so the
chip is the original one and not cloned. Otherwise, the
chip is cloned and the e-passport holder must not pass
the access control, and there is no need to perform the
algorithms two, three, and four.

|dentification and Biometric Data Conversion to

Cipher (Using ElGamal Encryption)

Use ElGamal decryption algorithm to convert
the identification and Biometric, which were stored in the
chip, into cipher text. Send the cipher text to the reader
device.

algorithm, obtain the random

X.  DECRYPTION OF THE CIPHER TEXT
(USING ELGAMAL DECRYPTION)

a) Receive the cipher text from the e-passport
chip.

b) Use ElGamal encryption algorithm to convert
back the cipher text to its original plaintext
value.

Example for non-forged passport

Suppose that the value of the automatically
generated prime number (p) is 23, the value of the
modular number (g) is 5, the value of (p) and (g) are
common between the RFID and the reader. Suppose
also the secret number of the RFID (a) equals 6, and the
secret number of the reader device (b) equals 15. Now

these values have to be followed across the overall
process.
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At the passport side, it calculates the public key
(A). (A = g® mod p), (A) = 8. On the other hand, the
reader device calculates its public key (B). (B = g° mod
p), (B) = 19.

After generating the public key (A), it will be
hidden in the headshot of the passport bearer. When the
passenger arrives to the access control of the
destination country communication between the E-
Passport and the inspection system carries on. The
RFID sends the value A to the reader, and the reader
sends the value B to the RFID. Based on Diffie-Hellman
algorithm, when the E-Passport calculates its secrete
key Kgep = B mod p (Keep = 19° mod 23=2).and the
reader calculates its secrete key Kppger = A° mod p
(Kpaetor = 8" mod 23=2), and after checking the
equality state of them, if they were identical, a message
saying that Mutual authentication passed will appeared.
Now the system will Extract the hidden value (A) from
the headshot, and compare it with obtained value from
the RFID chip; if they were identical, so the chip is the
original one and not cloned.

After the passport authentication and
verification, it has to encrypt the identification data using
ElGamal encryption algorithm in order to send them to
the reader device. The final step happens in the access
control country in which the reader needs to decrypt the
encrypted identification data sent to it from the E-
Passport.

X. CONCLUSION

The wuse of e-Passport is technology
increasingly used in different countries overall the world.
It aims to fight against the forgery activities of the
traditional passports. This paper proposed to develop a
security technique to be used with the e-passport in the
airports to read its holder information by using Radio
Frequency technique (RFID).

The proposed security method proved that it
works correctly in identifying the forgery if it is existed.
The authentication of the validity of the epassportis
confirmed by the double checking for the hidden code.
The proposed security method kept the privacy of each
country in dealing with its secret code.
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Gateway Placement in Mesh Network Using
Traffic off Loading Through 2g/3g Networks

Nanda P * & Dr. Josephine Prem Kumar®

Abstract- Wireless mesh network is a new network paradigm to
provide seamless internet services. In this network, users
interact with access points also called router are placed at
various points in cities and user can access the internet by
connecting to these access points. Access points in turn
connect via multi hop to internet gateway. Internet gateway
provides internet services. Wireless Mesh network suffers from
congestion problems with increasing user base. Many
solutions have been examined previously like increasing the
gateways, optimum location of gateways, etc., but all these
still solutions have a constraint on maximum scalability and
many times traffic load is maximum only at a certain period of
time and later load is less, so scaling is not a profitable
solution in this case as the access point is not loaded to
capacity most of time and cost spent on it is not fruitful.
Considering this problem, we have proposed a hybrid mesh
network solution integrating 2G/3G network into mesh network
[1] to handle the load on a mesh network. But the location of
the gateway is fixed in this approach, based on the traffic
offloading pattern, if the gateway can be moved, we can still
achieve some more QOS. In this paper, we explore this idea
and propose a solution for effective placement of gateway for
the offloaded mesh network.

[. INTRODUCTION

ireless Mesh Network (WMN) is emerging as a
Wpromising technology for providing internet

services in cities and urban area with minimal
infrastructure cost and fast deployment.

WMNs are multi-hop infrastructure based
wireless networks that are interconnected by a set of
relatively stationary wired gateways connected to the
Internet. The routers that relay traffic and the client may
or may not be mobile. Most of the traffic in a WMN flows
from the client to the gateways.
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Figure 1 Wireless Mesh Network
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a) WMN consists of following types of nodes

WMN Clients: These are the end-user devices like PDAs,
laptops, smart phones, etc.,, that can access the
network for using applications like email, web surfing,
VoIP, and alike. These devices are assumed to have
limited power, having none or limited routing
capabilities, and may or may not be always connected
to the network. Mobile Ad-hoc Networks (MANETSs) can
be assumed to be a special case of WMNs that are
formed purely by WMN clients.

WMN Routers: These network elements are primarily
responsible for routing traffic in the network. Traffic does
not originate or terminate at a router. The routers are
characterized by limited mobility and relatively high
reliability. Compared with conventional wireless routers
a wireless mesh router can achieve the same coverage
with  much lower transmission power consumption
through multi-hop communications. Additionally, the
Medium Access Control (MAC) protocol in a mesh
router supports multiple-channels and multiple
interfaces to enable scalability in a multi-hop mesh
environment..

With increasing user base, congestion happens
in routers or gateways and due to this quality of service
degrades in the Wireless Mesh Network. Many solutions
have been proposed to increase the quality of service in
wireless mesh network and this is surveyed in the
section 2 of this paper. We have proposed a concept of
hybrid mesh network with some of the mesh clients
doing 2G/3G offloading of internet services. When
offloading clusters are created in the network, we can
still increase the QOS if the Gateway can be
repositioned according to the location of offloading
clusters. In this work, we evaluate this concept and
measure the QOS due to Gateway repositioning
according to offload clusters.

1. RELATED WORK

We categorize the existing works on QOS
improvement as below
MAC Layer optimization

Optimized Routing Protocols
Optimized Gateway Placement
Optimized Router Placement
Cross Layer Protocols

o s~
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a) MAC Layer Optimization

In [1], S-TDMA based MAC was proposed for
wireless mesh network in which continuous power
control is done to reduce the noise interference and
rate allocation is done to increase the capacity.This
solution relies on conflict free scheduling, to increase
the throughput by avoiding collisions, but the solution
does not address delay due to conflict free scheduling,
Mesh Routers and Mesh client have to wait in turn for
time schedule and as delay increases buffer overflow
occurs in routers and QOS is affected. So it is not a
scalable solution.

In [2], solution based on increasing the
contention window size to lower the collision is
proposed. By reducing the collision throughput can be
increased. A spatial extension of the TXOP concept
called 'express forwarding' to clear multi-hop flows
sooner, and a new mechanism called 'express re-
transmission' to reduce collisions on retransmission
were also proposed.

In [3], use of smart antenna to do directional
transmission and link scheduling algorithm to activate
the links in such a way to increase the network capacity
was proposed. But this is not a scalable approach as
new routers are deployed to existing network; placement
becomes a difficult operation and has to place without
interfering with the path of another router. Also the use
of smart antenna will increase cost of Routers.

In [4], STDMA based scheduling was done at
MAC layer with admission control. Admission control
ensures clients have a minimum guarantee of
bandwidth and maximum delay. It works for VOIP
services, but it is not profitable to apply this solution as
clients will switch to a different operator if strict
admission control is enforced.

b) Optimized Routing Protocol

In [5], the routing protocol in WMN is adapted
to choose the relay nodes in the path on estimation of
wireless link quality and bandwidth. But without any
control on the rate of transfer, this approach is not useful
as a path found efficient based on link quality and
bandwidth can later be congested due to a variable rate
of usage from clients.

In [6], Weighted Contention and Interference
routing Metric (WCIM) is proposed. Based on
interference, bandwidth available, quality of link, etc., a
metric is calculated for each node. Routing is done in
such a way next node with the highest value of the
metric is choosen as relay node in the route. The
problem with these approaches is that it requires
frequent exchange of information between nodes to
calculate the metric and also it is not end to end
decision. When end to end is considered there may be a
better path with more WCIM value than the current

chosen path and the solution converges in local minima.

© 2016 Global Journals Inc. (US)

In [7], routing based on opportunistic method is
proposed. Every node overhearing other nodes in
wireless medium can assist in routing in case of failure.
But this method has many practical difficulties in
deciding the cooperation and also increases the
network communication overhead.

c) Optimized Gateway Placement

In [8], the controllers are placed optimally in the
network using Particle Swarm optimization technique for
maximizing the flaws in network found out by using a
Ford Fulkerson algorithm. But this method requires
frequent movement of controller based on traffic
observation over a period of time.

In [9] wireless mesh network is clustered based
on the degree/number of Wireless mesh routers
connections, while ensuring Delay, Relay load and
Cluster size constraints.

In [10], is proposed a genetic algorithm based
solution for gateway placement. This solution optimized
variation of MR-IG-hop counts (VAR-MRIG-Hop) among
MRs to ensure that the Gateways are placed in the
appropriate positions. But during loading, the solution
cannot maintain QOS.

d) Optimized Router Placement

In [11], a heuristic solution, called PRACA
(Placement, Routing And Channel Assignment) has
been proposed to find the optimal position for the router
in the Mesh Network. The solution jointly considers
routing channel assignment and placement to get the
optimal solution for placement. In this way it tries to
eliminate interference and improve QOS.

In [12], solution for placement of multi rate
routers in mesh network was considered. It presented a
heuristic placement algorithm called [LSearch which
takes into account both multiple transmission rates and
co-channel interference. The ILSearch consists of two
components: (1) Coverage MR determination which
greedily exploits the capability of each selected MR to
cover mesh clients (MCs); and (2) Relay MR
determination that incrementally chooses the additional
MRs for traffic relaying through the local search.

In [13], the nearest cell association algorithm
was proposed to reassign users to routers in different
times and a greedy search to find optimal positions for
the router. They have proved that QOS is improved due
to switching users between routers in this way.

e) Cross Layer Protocols

In [14], cross layer mixed bias algorithm was
proposed. The cross-layering will provide information on
the link-quality and distance between nodes. Link quality
will be provided from the physical layer while distance
can be provided in many ways. The Distance could be
computed by the number of hops between two points,
by measuring the delay or by using real life coordinates
if the nodes are equipped with Global Positioning



Systems (GPS). In this paper the author used the
number of hops. A portion of the scheduling resources
will be biased according to a set of heuristics that
penalize nodes for various “bad behaviors” such as
distance from the gateway, overuse of traffic, poor link
quality and so on. Each heuristic will be assigned a
different proportion of the network resources which will
be determined experimentally. Another portion of the
resources will be left for absolute fairness in order to
ensure that none of the links are starving and that some
minimum level of service is maintained. Then the
collective system will be optimized to produce high
throughput fair scheduling for wireless mesh networks.

In [15], two cross layer routing was proposed a
loosely coupled cross-layer scheme and a tightly
coupled cross-layer scheme. In the loosely coupled
cross-layer scheme, routing is computed first and then
the information of routing is used for link layer
scheduling; in the tightly coupled scheme, routing and
link scheduling are solved in one optimization model.
The two cross-layer scheme involves interference
modeling in multi-hop wireless networks with omni
directional antenna. A sufficient condition of conflict-free
transmission is established, which can be transformed
to polynomial-sized linear constraints, and a linear
program based on the sufficient condition is developed.
In [16], the authors proposed a new routing metric for
wireless mesh network—CAETT (Congestion Avoidance
Expected Transmission Time). With the queue’s
utilization rate and the transmit situation of control
frames in 802.11 protocol’s MAC layer, a reasonable
path is chosen in terms of the channel competition
status, link data frame delivery rate and the node’s
queue utilization rate.

From the survey we notice that each solution
tries to achieve maximum QOS by reducing interference,
parallel data rate, smart antenna, network component
placements, etc.

One of the most important points noticed in all
the solutions suffer from scalability issues and gateway
can get overloaded soon with internet service requests.
To reduce the overload on the gateway, multi gateway is
suggested, but still there is a scalability problem.

[1I. PROBLEM DEFINITION

Given a wireless mesh network with mesh
nodes, access points and gateways and some of the
mesh nodes have internet connectivity through their
2G/3G and when the load on mesh network is high and
some of access points in the network are, offloading
network load through some of mesh nodes using their
2G/3G interfaces. By this way offload clusters are
created in the network, the gateways has to be
repositioned according to the location of offload
clusters. The objective of this work is to find the best
location for gateway, so that QoS is improved by the
network due to the new location of gateways.

IV. HyYBRID MESH NETWORK WITH 2G/3G

The architecture of the hybrid offloading
scheme is given below in figure 2.

Gateway

2G/3G Interface

Mesh Networking
Protocols
Mesh Router b

Figure 2 . Hybrid Mesh network with 2G/3G Interface.

Mesh Client

From the traditional architecture, we introduce a
offloading facility at Mesh Client for sharing its unused
2G/3G interface to wireless mesh network.

The mesh router’s routing protocol is modified
to enable the 2G/3G offloading capability.

Mesh clients who are interested in offloading
their traffic must register their interest to the mesh router.
Also Mesh client at any point of time when it needs the
additional bandwidth can unregister its interest for
offloading to mesh router.

By this way offload clusters are created in
certain spots in the network. Offload clusters provide
internet services. The gateway positioning according to
load of network is an existing solution for improving
quality of service.
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Offload Clusters

Figure 3 Offload clusters and other hybrid mesh
network elements

In this work, we use three important information
to position the gateway, the prediction of load at
different spots, current load at spots and the location of
offload clusters.

The wireless mesh network is split to lots of
grids. The historic traffic generated at each of these
grids are collected and we train a AIRMA model to
predict the load on the grid in the next interval of time
called epoch. As a result of this, we know the current
load at grid and predicted load at next interval of time.

Suppose that there are Ng mesh gateways
located on the network and Nc offload clusters created
in the network with current load and the predicted load
known at each of the grid, the Ng mesh gateway has to
reposition to provide a better QOS.

QOS we model as dependent parameter on
distance and load at the gateway. QOS is better if the
node finds a gateway at the nearest distance with less
load.

Qo 1/(Dg * Dg)
Qa 1/(Lg)
Q= k/Dg** Lg
Where

© 2016 Global Journals Inc. (US)

Q is the Qos
Dg is the distance to gateway
Lg is the load at gateway.

For each Grid, the current QoS and predicted
QoS for each of the N gateway and the offload clusters
is calculated. From the current QOS values we find the
average QOS values and find the number of gateways
with QOS less than average and number of gateway
above the average.

A fitness function is modeled for the entire
network as
F = w1 * Ngabove - w2 * Ngbelow

The w1, w2 value can be set to any value from 0
to 1 such a way that wl + w2 = 1.

The best position of Gateway is found using
GSO(glowworm  swarm  optimization) — with  the
maximization of the fitness function (F) defined above.

In GSO, glowworm swarm S, which consists of
m glowworms, is distributed in the objective function
search space. Each glowworm gj (j =1...m) is assigned
a random position pj inside the given search space.
Glowworm gj carries its own Lucifer in level Lj, and has a
vision range called local-decision range rdj. The Lucifer
in level depends on the objective function value and the
glowworm position. The glowworm with a better position
is brighter than others, and therefore, has a higher
Lucifer in level value and is therefore closer to the
optimal solution. All glowworms seek the neighborhood
set within their local decision range, and then move
towards the brighter ones within the neighborhood set.
Finally, most of the glowworms gather in compact
groups in the function search space at multiple optimal
locations. GSO works in an iterative process that
consists of several Lucifer in updates and glowworm
movements, which are executed to find optimal
solutions. The Lucifer in level Lj is updated using the
following equation:

Li(t) = (1 — p)Ly(t — 1) + v F(p;(t))

After that, each glowworm j explores its own
neighborhood region to extract the neighbors that have
the highest luciferin level by applying the following rule:

¥ ."'l."_.j[t} iff Di.w‘.u.;r.'.r-:*jz < '?'r.fjl:ﬁ} and L.(t) = L_J{i]l

where z is one of the neighboring glowworms
close to glowworm j, Nj () is the neighborhood set,
Distance jz is the Euclidean distance between
glowworm j and glowworm z, rdj (1) is the local decision
range for glowworm |, and Lz (t) and Lj (t) are the Lucifer
in levels for glowworm z and |, respectively. After that,
each glowworm selects the movement direction using
the roulette wheel method. Therefore, the glowworm
position (pj) is adjusted based on the selected neighbor
position (pz) using the following equation:



. p=(t) —pi(t)

At) = pi(t — 1) +
pilt) = pil )+ Distance;.

pj(t—1) is glowworm j’s previous position, s is a
step size constant, and Distancejz is the Euclidean
distance between glowworms j and z.

The glowworm runs in iteration to the find best
position for the gateway based on the maximization of
the Fitness function. Once the iteration is completed, the
best position for the gateways are known and the
gateway is moved to that point if the predicted load is
less than the current load in the current position of the
gateway.

V. RESULTS

We simulated the proposed solution on the
wireless mesh network simulator Jprowler where some
of the nodes are randomly chosen for offloading.
Service requests are generated from the node with
Poisson distribution over the simulation duration
configurable by user.

We compared our solution without movement of
gateway with just offload alone.

By varying the number of offload clusters, we
measured the effective QOS in the network in terms of
packet delay and the result is figure 5.1.
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Figure 5.7 . Packet delay vs No of offload clusters

By varying the number of gateways in the
network, we measured the effective QOS in the network
in terms of packet delay and the result is Figure 5.2.
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Figure 5.2 . Packet delay vs No of Gateway

By varying the number of offload clusters, we
measured session drop ratio and the result is figure 5.3.
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Figure 5.3 . Session Drop ratio vs No of offload clusters

By varying the number of gateways in the
network, we measured the session drop ratio and the
result is figure 5.4.
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Figure 5.4 : Session Drop ratio vs No of Gateway
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VI. CONCLUSION

The proposed offload solution with gateway

movement is implemented through simulation, and we
have proved that the QOS is improved in the network in
terms of session drop ratio reduced and the average
packet delay is reduced in the network.
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e  One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

XVIII



Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

e  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
. Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

®  Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
e  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  |leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

&  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.
. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.

You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Abstract

Introduction

Methods
Procedures

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed
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hazy format
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and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend
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