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Energy Efficient Mapping in 3D Mesh Communication
Architecture for NoC

By Pranav Wadhwani, Naveen Choudhary & Dharm Singh
Maharana Pratap University of Agriculture and Technology, India
Abstract - By the end of this decade we will be entering into the era of thousand cores SoCs. 3D
integration technologies have opened the door of new opportunities for NoC architecture design in
SoCs providing higher efficiency compared to 2D integration by appropriately adjusting the increased
path lengths of 2D NoC. The application to core mapping on NoC architecture can significantly affect
the amount of system's dynamic communication energy consumption. The considerable amount of
energy savings can be achieved by appropriately optimizing the application to core mapping in NoC
architecture. This paper presents a Branch-and-Bound heuristic for smart application to core
mapping in 3D Mesh NoC architecture. Experimental results show that proposed heuristic saves
about 42%-55% and 19%-28% of dynamic communication energy consumption in comparison to
random mapping in 3D NoC communication architecture and the energy aware-mapping in 2D NoC
architecture of same size, respectively.
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Energy Efficient Mapping in 3D Mesh
Communication Architecture for NoC

Pranav Wadhwani “, Naveen Choudhary ° & Dharm Singh °

Absiract - By the end of this decade we will be entering into
the era of thousand cores SoCs. 3D integration technologies
have opened the door of new opportunities for NoC
architecture design in SoCs providing higher efficiency
compared to 2D integration by appropriately adjusting the
increased path lengths of 2D NoC. The application to core
mapping on NoC architecture can significantly affect the
amount of system's dynamic communication energy
consumption. The considerable amount of energy savings can
be achieved by appropriately optimizing the application to
core mapping in NoC architecture. This paper presents a
Branch-and-Bound heuristic for smart application to core
mapping in 3D Mesh NoC architecture. Experimental results
show that proposed heuristic saves about 42%-55% and 19%-
28% of dynamic communication energy consumption in
comparison to random mapping in 3D NoC communication
architecture and the energy aware-mapping in 2D NoC
architecture of same size, respectively.

Keywords : branch and bounad, energy-aware mapping,
NoC, 3D mesh, ULC, ILC.

[. INTRODUCTION

he network on chip technology has brought an
archetype shift from computation centric design

architecture to communication centric design
architecture. Using on-chip network has advantages of
structure, performance, and modularity. The Next
generation SoCs will contain a large number of on-chip
cores and the main challenge to be solved will be the
network on chip (NOC) bottleneck of these systems
which restricts scalability. 3D integration technologies
have opened the door of new opportunities for
architecture design in SoCs. The fusion of two emerging
archetypes, NoC & 3D IC, facilitates the design of novel
structures with considerable performance improvements
in quality metrics over traditional solutions (Rahmani,
Latif, Lilieberg, Plosila & Tenhunen, 2010).
One of the important stages in design flow of
NoC is application to core mapping. This stage
significantly affects the dynamic communication energy
consumption and quality metrics of the system. To this
end, in this paper the mapping problem is formulated
followed by illustration of the effect of various
applications to cores mappings on the consumption of
dynamic communication energy by a given system. The

Authors o o p . Department of Computer Science & Engineering,
College of Technology and Engineering, Maharana Pratap University
of Agriculture and Technology, Udaipur, Rajasthan, India.

E-mails : pranav.udraj@gmail.com, naveenc121@yahoo.com,
aharm@mpuat.com

paper presents a Branch-and-Bound heuristic for smart
application to core mapping in 3D NoC architecture to
minimize the total dynamic communication energy
consumption of the system. Several experiments are
carried out on various random benchmarks to verify the
efficiency of the algorithm.

In (Feero & Pande, 2009; Xu, Du, Zhao, Zhou,
Zhang & Yang, 2009) demonstrated that besides the
footprint reduction in a fabricated design, 3D network
structures tends to lead better performance in terms of
lower dissipation of energy, higher throughput, and
smaller latency compared to traditional, 2D NoC
architectures. In (Hu & Marculescu, 2005) the mapping
problem for 2D regular Tile - based architectures is
addressed.

[I. ENERGY-AWARE MAPPING PROBLEM FOR
3D NoC

This paper uses the energy model presented in
(Hu & Marculescu, 2005) by Hu et al. The chip under
consideration is composed of LxMxN tiles which are
interconnected according to the underlying 3D Mesh
infrastructure. A tile in 3D NoC (Fig.1) is composed of IP
Core, Virtual Channels (VCs) & seven communications
links (East, West, North, South, Front, Rear and Core).
For the 3D mesh NoC with XYZ routing, Eq.1 shows that
the average dynamic energy consumed in sending a
single bit of information from core i to core j is estimated
by the Manhattan distance between these two cores.

E;:] = nhops X ESbit + (nhops - 1) X ELbit (1)

Where E, 9 corresponds to the dynamic
energy consumed in transmitting single bit of
information from core i to core j, Eg, the energy
consumed by single bit of information transported
through a switch, E,; the energy utilized by single bit of
information on the link between two switches & Ny, the
number of hops single bit of information encounters
when it is transported from source tile i to destination tile
j (i.e. Coreito Corej).

a) Formulation of Energy-aware mapping problem

The problem is to find a mapping of
applications to cores in 3D NoC architecture, such that
the  overall dynamic = communication  energy
consumption is minimized.

© 2013 Global Journals Inc. (US)
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Link to neighboring tile in North Direction

Link to tile in rear slice

R
Vc —
W — —
Link to Link to
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tile in West tile in East
Direclior/ Direction

Applications

are mapped

on cores E

Link to tile in front slice  Link to neighboringtile in South Direction

Figure 7. Atile in 3D NoC

Communication Routing Graph, CRG, G = G(C,
P) also referred as Interconnection Network graph, is a
directed graph, where each vertex ¢, corresponds to one
core in the architecture, and each directed edge p;
corresponds to the routing path between ¢, and ¢; which
is determined using XYZ routing algorithm. e(p;)
corresponds to the average energy consumed (joule) in
transporting a single bit of information from core ¢; to ¢;
i.e., By I(p;; ) corresponds to the group of links that
forms the routing path p;;.

Application  Communication  Graph, ACG,
G = G(A, M) is a directed graph, where each vertex g
corresponds to one application, and each directed edge
m;; corresponds to the communication from a; to a.
V(m;;) denotes the communication volume (bits) from &
to a . bw(m,) stands for the minimum bandwidth
(bits/sec.) that the underlying communication
architecture should provide.

The formulation of the problem of dynamic
communication energy consumption minimization can
be done as one to one mapping of applications to
cores: Given a CRG and an ACG that satisfies condition
in Eq.2:

size(ACG) < size(CRG) )]

Deriving a one to one mapping relation bmap()
from ACG to CRG which reduces:

minimize {Energy = Z V(mi_j) X e (pbmap (ay)bmap (31))} (3)

vmj j

Such that:

v link 1, Bw(l) > bw(my;) X is_1ink (T Pomap (aomap (o)) (4)

Vi,j,ai,aJEM

Where Bw(l, ) is the link I’s bandwidth and
is_link() retuns true (i.e. 1) if I, is one of the link in the
group of links that form the routing path pymap (a;)bmap @)

otherwise it returns false (i.e. 0).

© 2013 Global Journals Inc. (US)

Eqg. (4) assures that the traffic load on any link
will not go beyond its allocated bandwidth.

b) Branch and Bound Heuristic for 3D Mesh NoC

The proposed branch-and bound heuristic
moves through the search tree. This search tree
corresponds to the solution space as shown below in
Fig. 2 to find an optimal mapping which has the least
communication cost.

Root Node — xxxxxxxx
|

Doeconn B0 Z0Conoe Axnnons Annooon Senooonn oo Trxane
S I
| |
P00 15 oo {7 SOxennn Sy S0
‘ P R
[
1000 4730000 AT60000 5420 S4gwwany 5470y
—— —
Internal < 1784800 17655011 SET0rO §473nnxx S4T6x0n
N
Nodes \ \ ]
AT84000x 17642000 17643xxx S4T300xx 5473240y
|
[ | \
17642008 178423 54730100 5473020y
: |
17642300 1764235«

\
LeafNode — iseasst

Figure 2 : Search tree example for mapping eight
applications onto 2 x2 x 2 NoC architecture

Every node except root node is assigned a
label. For example, node 547xxxxx represents an internal
node where Application number A, A, and A, of ACG
are mapped on Cores;, Core, and Core, of CRG
respectively, whereas application number A; to A, of
ACG are still unmapped.

Communication Matrix: It is use to store the
communication requirements of applications.
Communication Matrix is derived as shown in Eg 5:

CommMatrix[i][j] = Z{V(mi,j) + V(mj,i)} ()
vj#i
For any node in the search tree, the energy
consumed by communication among mapped
applications represents the cost of that node. For
example, the cost of node 546xxxxx can be computed
as:

V(Mg) X e(Psa) + V(M) X e(Mys) + V(M) X e(Mge)
+ V(Myo) X €(Pgs) + V(My2) X €(Pse) + V(My1) X €(Pg)

The cost of child node is not lesser than cost of
its parent node. In order to prune ineligible tree-
branches, this property will be used later on in the
heuristic. A node is referred as a legal node if the
bandwidth requirement between the currently mapped
applications is satisfied. This condition can be
represented as shown in Eq 6:



Bw(l,) = Z bw(mi,]-)><lis_link(lk,pbmap(al)_bmap(al)) (6)
Vi,jai,ajEM
Here, M denotes the set of mapped applications.

A node is said to be illegal if it violates the
condition represented in Eq 6. The child nodes of an
illegal parent node are also illegal.

The upper limit cost (ULC) of a node denotes a
cost that is no less than the minimum communication
cost of its legal, descendant child nodes where all the
applications have been mapped (i.e. leaf nodes). In
order to compute as lowest ULC as possible for a node,
a greedy approach for mapping the applications onto
cores is adopted.

The lower limit cost (LLC) of a node denotes the
best possible communication cost that its legal
descendant child nodes where all the applications have
been mapped (i.e. leaf nodes) can probably attain.

The Run time of proposed heuristic scales up
with the system size. There exists a trade-off between
the quality of solution and run time. The quickening
techniques used in the proposed heuristic reduce the
search time by detecting as many unpromising nodes
as possible at earlier stages during the search process
and then trim away such nodes. To this end, the
applications are ranked on the basis of their
communication requirement so that mapping of
applications with higher communication requirement
can be done at the earlier stages of mapping. A node
preference queue is maintained to store the legal nodes
that are eligible for further expansion. The node with the
lowest cost has the utmost preference for branching.
The length of node preference queue can affect the run
time of proposed heuristic. When the queue length
reaches a threshold value, selection of child nodes for
insertion into queue is done on the basis of some stern
criteria.

The heuristic iterates in-between the following
two steps until it finds out an optimal solution.

i. Branch
New child nodes are generated in this step by
selecting next unexpanded node from the node
preference queue, and then mapping the next
unmapped application with the utmost communication
requirement to the set of cores that have not been
occupied yet.
ii. Bound
Each child node that has been generated in the
previous step is examined to see if it tends to yield the
best leaf nodes later. The ULC and LLC of the node
under inspection are computed and this node is pruned
if either the communication cost among mapped
applications on the occupied cores or LLC is higher
than the lowest ULC that has been evaluated during the
search.

The following method is used to minimize the
computation time of ULC and LLC without
compromising with the quality of these parameters.

ULC Computation

As stated above, the ULC of a node can be set
equivalent to the communication cost of any legal
descendant leaf node. A greedy mapping is used to find
a legal descendant leaf node with the least
communication cost. In the process of greedy mapping
the next unmapped application a, with the utmost
communication requirement is chosen and its ideal
position on CRG is calculated in terms of x, y and z
coordinates using Eq. 7:

_ Yva oy V(my;) +V(m;))) x af
Yva; o (V(my;) + V()

_ Yva o (V(my;) + V(mp)) x a) 7)
Yvayen V(M) + V(my0)

_ 2va; ey (V(my;) + V(myy)) x af
Yva; o V(mg;) +V(m;))

Here, g a’ and &’ represent the row number,
column number and slice number of the core that a; is
mapped onto, respectively; the set of applications that
have been mapped is represented by M. At each stage
of mapping this set of mapped applications is updated.
a, is mapped to a core which is not occupied and
whose topological position has the least Manhattan
distance to (xyz).

This step undergoes repetition until a single
descendent leaf node is identified. If this leaf node is
legal, then ULC of node under examination is set
equivalent to its cost otherwise ULC is set to infinitely
large and the node is trimmed away.

LLC Computation
The LLC is composed of 3 components, as
shown in Eq. 8:

LLC = Cpm + Coy + Cuu 8)

Com is the cost of communication among
mapped applications. C,,, can be calculated exactly as
positions of the mapped applications are known. C,,, is
the communication cost between mapped and
unmapped applications. C,,, can be derived from Eq.9:

Nmap Np
Coy = Z Z CommMatrix[i][j] x LUC; 9)
i=0 j=Nmap
LUG = Vaigl\l/li,(rzlkeﬁ e(pbmap (ai),k) (10)

LUC is the lowest unit cost. A, represents the
total number of mapped applications; A, represents the
total number of applications which includes both

© 2013 Global Journals Inc. (US)
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mapped and unmapped applications. & represents the
set of unoccupied cores.

The last Component is C,,, which represents the
cost of communication among all unmapped
applications. It can be derived as shown in Eq 11:

Cuu = vol x LUUC (11)

Np Np

vol = Z

i=Nmap j=Nmap +1

CommMatrix[i][j]  (12)

LUUC= min ve(pm‘n) (13)

VCm,Cn €0
Here, vol represents the total communication
volume among all he unmapped applications. LUUC is
the lowest unmapped unit cost.

III.  EXPERIMENTAL RESULTS AND ANALYSIS

The performance of application to core
mapping derived from proposed heuristic was evaluated
on a NoC simulator NC-G-SIM. NC-G-SIM is a discrete
event, cycle accurate simulator which supports Regular
3D, 2D and irregular topology framework with XYZ and
distributed table based routing. In 3D ICs the length of
heat conduction path and power density per unit area
increases as more dies stack vertically (Bernstein,
Andry, Cann, Emma, Greenberg, Haensch & Young,
2007; Ebrahimi, Daneshtalab, Lilieberg, Plosila &
Tenhunen, 2011; Hassanpour, Khadem & Hessabi,
2013). Hence, the maximum number of slices in the 3D
topologies is kept 4 in the experimental setup. ELbit is
set to 0.0007 with the help of analytical energy model
presented in (Choudhary, Gaur & Laxmi, 2011; Hu &
Marculescu, 2003); ESbit is assumed to be 0.54 and
0.52 for 6 Ports and 4Ports router respectively based on
estimation from Orion (Kahng, Li, Peh & Samadi, 2009)
for 0.18um technology. The packet size and flit-interval
are set to 8 bytes and 2 clock cycles respectively. The
number of cores used in the experiments ranges from 8
to 512. The heuristic is applied on five sets of 100
different topologies each to generate the energy aware
mapping as well as random mapping of applications to
cores in both 3D and 2D Mesh NoC architectures of
same sizes and for same traffic scenarios. Thousand
categories of benchmarks were randomly generated
using TGFF (Dick, Rhodes & Wolf, 1998), with diverse
bandwidth requirement of the IP Cores and randomly
generated communication volumes according to the
specified distribution. The average total energy
consumption/flit reaching its corresponding destination
is taken as performance metric. The simulation is run for
5000 clock cycles with applied packet injection interval.

As shown in Fig.3, the proposed heuristic saves
about 42%-55% of dynamic communication energy
consumption compared to random mapping because

© 2013 Global Journals Inc. (US)

heuristic maps applications on the basis of traffic
characteristics. Application ordering has been done so
that applications  with  higher  communication
requirement will be mapped earlier to an unoccupied
core which has the lowest cost to the occupied core.
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Figure 3 . Energy Consumption comparative result
between optimized mapping and random mapping on
same set of 3D Mesh topologies and same traffic
scenarios

As shown in Fig.4. the proposed heuristic saves
about 19%-28% of dynamic communication energy
consumption in 3D Mesh architecture in comparison to
energy aware mapping propsed in [4] for 2D Mesh
architecture of same size. For a same source-
destination pair, a data packet has to traverse less
number of links to reach its destination which also
includes less switch arbitration in 3D NoC in comparison
to 2D NoC leading to decrease in the dynamic energy
consumption in 3D Mesh architecture.
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at destinations after applying energy aware mapping in
3D Mesh and energy aware mapping in 2D mesh of
same sizes



[V. CONCLUSION

In this paper, the Branch and Bound algorithm
for smart energy aware mapping of applications to
cores in a 3D Mesh NoC architecture is proposed. The
experimental results clearly show that application to core
mapping  significantly  impacts  the  dynamic
communication energy consumption of the system. The
proposed heuristic is fast and results in significant
energy savings. The proposed Branch and Bound
heuristic can be extended to support application to core
mapping in irregular NoCs where the application
modules vary in shape and sizes and deadlock free
routing is more challenging.
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NC-G-SIM: A Parameterized Generic Simulator
for 2D-Mesh, 3D-Mesh & Irregular On-chip
Networks with Table-based Routing

Kartika Vyas ¢ Naveen Choudhary ° & Dharm Singh °

Absiract - As chip density keeps doubling during each course
of generation, the use of NoC has become an integral part of
modern microprocessors and a very prevalent architectural
feature of all types of SoCs. To meet the ever expanding
communication challenges, diverse and novel NoC solutions
are being developed which rely on accurate modeling and
simulations to evaluate the impact and analyze their
performances. Consequently, this aggravates the need to rely
on simulation tools to probe and optimize these NoC
architectures. In this work, we present NC-G-SIM (Network on
Chip-Generic-SIMulator), a highly flexible, modular, cycle-
accurate, configurable simulator for NoCs. To make NC-G-SIM
suitable for advanced NoC exploration, it is made highly
generic that supports extensive range of cores in any kind of
topology whether 2D, 3D or irregular. Simulation results have
been evaluated in terms of latencies, throughput and the
amount of energy consumed during the simulation period at
different levels.

Keywords . NC-G-SIM, generic, simulator, 3D, 2D,
irrequilar, distributed table-based routing, deadlock-free.

. [NTRODUCTION

ith the accelerated growth in calibration and
VVdenseness of integrated circuits in recent years,

data communication amid the internal on-chip
processing cores has become a hitch for SoC
performance (Dally & Towles, 2004). This has led to a
new paradigm on-chip communication in Ultra Large
Scale Integrated systems. Traditional bus structure
could not conciliate such a tight and high call of time-to-
market as substantial amount of labor has to be
enmeshed for engrafting these non-scalable
architectures in such large systems, amplifying power
consumption and stretching disposition time (Dally &
Towles, 2004). NoC here takes the charge and provides
an elegant approach to manage interconnect complexity
(Heo & Asanovic, 2005), facilitating integration of muilti-
cores by abstracting computation from communication
(Benini & Micheli, 2002) achieving better scalability and
more predictable performances (Atienza, Angiolini,
Murali, Pullini, Benini & Micheli, 2008). Until now, most of
the researches were on making effective and potent 2D
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NoC designs scrutinized against power, performance
and reliability (Heo & Asanovic, 2005).

However, simply increasing the number of
cores over a 2D plane is not efficient due to long inter-
connects. Emergence of viable 3D integration
technologies has created opportunities for chip
architectures that were prohibitive due to several
constraints with the firm reliance that many of these 3D
implementations can outperform their 2D counterparts
(Feero & Pande, 2009). Research has also gained
momentum in the domain of irregular networks (Silla &
Duato, 2000) with the increased demand of application-
specific SoCs as it saves significant power and area
overhead, for most SoCs the mapping of tasks to
processors and hardware cores is done on basis of
static (or semi-static) prior knowledge and hence, has
well characterized communication traffic characteristics
are at design time of the SoC. Therefore, it has become
excessively necessary to provide the architecture,
methodology and simulation platform, which remains
sustainable over different technology generations (Dally
& Towles, 2004). With this perspective, NC-G-SIM
simulator is developed that caters all the popular
requirements of NoCs.

The rest of the paper is systematized as follows.
Section 2 highlights background information about a few
interconnection network simulators and the motivation
behind developing generic NC-G-SIM simulator. Section
3 presents the simulator architecture and functionality.
Section 4 describes the statistics collection process and
depicts experimental results. Finally, Section 5
concludes the paper and highlights some directions for
possible future work.

[1. RELATED WORK

Varied NoC simulators have been instituted and
research communities are currently operating on these.
Noxim (Palesi et al.) is such a simulator that put up the
experimentation with different traffic distributions using
various routing algorithms, but it supports mesh
topology only and also lacks the concept of virtual
channels disabling physical channel's bandwidth
sharing. Simulators gpNoCsim (Hossain, Ahmed, Al-
Nayeem, Islam & Akbar, 2007) and BookSim (Jiang et
al.) support evaluation of different existing 2D
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architectures but with confined traffic injection models. A
simulator with similar features is NoC sim (Jones 2005),
only support VC routers with synthetic traffics and do not
report router power and energy. Ocin tsim (Prabhu,
Grot, Gratz & Hu, 2009), GARNET (Agarwal, Krishna,
Peh & Jha, 2009), SICOSYS (Puente, Gregorio &
Beivide, 2002) and Darsim (Mieszko, Sup, Hyon,
Pengju, Khan & Devadas, 2010) support only 2D NoCs
and compute router power based on the ORION model
(Glass & Ni, 1992). Nostrum-NNSE (Lu, Thid, Millberg,
Nilsson & Jantsch, 2005) developed in SystemC, has
packet switched simulation environment. It supports
iregular topologies but has no tool to estimate
communication energy requirement and power
consumption. NIRGAM (Jain, Al-Hashimi, Gaur, Laxmi &
Narayanan, 2007) provides extension flexibility and
modularity. However, only supports Mesh and torus
topologies with limited support to various routing
methodologies. /INVIRGAM (Choudhary, Gaur & Laxmi,
2011) supports irregular topologies using deterministic
as well as adaptive table-based routing to make routing
deadlock free and performance oriented. Therefore,
most of existing simulators are specific to 2D-NoC
topology architecture and may not be able to provide
flexibility and modularity for existing and novel
architectures. The market is also flooded with numerous
simulators  that researchers have  materialized
themselves to simulate their distinct architectures which
aren’t applicable for other topologies. The fast pace of
current trends of the market raises the need for a
generic simulation tool to efficiently explore the wide
design space (Dally & Towles, 2004) where design
choices are primarily taken on the basis of simulation
before resorting to implementation as this is more
flexible and cheaper.

ITNIRGAM is therefore, selected and extended
to develop NC-G-SIM, a discrete event-cycle accurate
3D NoC simulation framework aimed typically at the
NoC research and development community wherein it
provides them with convenient and efficacious
mechanism to experiment with NoC design in terms of
2D, 3D, irregular topology, routing and applications, with
the facility to easily plug-in their own routers and
attaching to cores any user-specified application library
and configuration of parameters as per the need. It
thereby, proves to be a powerful and competent tool to
model vivid and intricate systems having large number
of cores (upto 500) providing accurate performance
estimation.

[1I.  SIMULATOR DESCRIPTION
a) NC-G-SIM Functionality

The flexibility of the structure of /INIRGAM
motivated to extend it in order to incorporate in it 3D
NoC structure. NC-G-SIM simulator supports 2D regular
Mesh and Torus topologies with a set of source, XY and
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odd-even routings. Irregular topology support and its
features remain existent as they were in IINIRGAM.

The 3D mesh NoC in NC-G-SIM follows the
footsteps and uses both one of the well-known
Dimension Order Routing (DOR) routing scheme i.e.
XYZ algorithm as well as distributed table-based routing
scheme. XYZ is a simple traditional scheme, easy to
implement and free of deadlock and live lock. However,
every time a packet is routed between a particular
source-destination pair the same path is always
followed which might lead to a scenario where a set of
paths are heavily used while other paths remain idle,
affecting overall system performance. But, use of
distributed routing scheme overcomes this bottleneck,
exploiting the fact that there might be multiple alternative
paths to reach every node. Hence, look-up tables
corresponding to each node is generated which
cumulate this information, facilitating diverging traffic
uniformly among the paths. Routing table files follow the
format [sourcelD, destination/D, nexttile/D, pathld] each
path is assigned a unique id 'path/D’ to make paths
easily distinguishable. Each node decides next routing
direction on basis of the entries in the node’s
corresponding table file. At each intermediate node, the
same procedure is repeated till the packet reaches its
destination. These tables are filled offline, based on the
networks’ localized knowledge, in accordance to either
of miscellaneous deadlock free routing algorithms such
as Left-Right (Schroeder et al. 1991), up*/down*
(Schroeder et al. 1991) etc for irregular topologies and
for 3D topology any of the minimal non-minimal, DOR or
adaptive routing could be used meeting negligible
chances of any deadlock formation.

Using tables we have also deployed a generic
methodology based on escape paths by (Silla & Duato,
2000) in NC-G-SIM which enforces to follow deadlock
free route only when the shortest paths are clocked up
by high amount of traffic, thereby offering greater
adaptivity, reduced latency and better overall
throughput. It presumes that every physical channel
should be split into two sets; original virtual channels
and the new virtual channels representing minimal paths
and escape-paths respectively. Packets following new
channels are routed by the router to any channel without
any circumscriptions giving first preference to new
channels. Due to congestion, when no new channels
are accessible then, the original routing function is
followed and once a packet acquires an original channel
it is not permitted to transit to a new channel anymore to
avoid deadlock situation. Format of the tables based on
escape paths methodology is similar to the above
format except that instead of the 'path/Ds we have
Virtual channel no.’that distinguishes between minimal
paths and deadlock free paths, which is being followed
by the packet.

The simulator facilitates the user to design
one's own topology according to ones choice and



research scenario. This is made possible by providing
an overview of the topology layout by the user itself in a
topology configuration file which is read in at the
beginning of the simulation. This facility is provided for
both irregular topologies, since there is no regularity or
particular trend in the connections among the tiles, as
well as for 3D topology. The topology is in a matrix
format /hilelD, Neighbour tilelD, Neighbour tilelD, .......
Neighbour tilelD, -1] where tife/D is current tile identifier
followed by the #ile/Ds of its neighbouring nodes, list
terminated by the delimiter “-1”. With this, the
topological arrangement becomes wieldy descriptive
and alterable as and when desired. This not only
simplifies the experimentations on the traditional NoC
architectures but also encourages further extension of
these architectures. Therefore, the simulator can be
used for one and all purposes hence, proving to be
totally generic in nature.

NC-G-SIM simulator can support 6 neighbours
of any tile, with maximum number of tiles to be 500 for
irregular and 3D topologies. Along with the topology file,
another file of format /tilelD next titelD link_length, mm/
is provided which contains the length of the links in the
topology in order to estimate the energy consumption.

Apart from these traffic characteristics are
essentially required to run a simulation. Besides the well-
known yet primitive CBR and Bursty traffic generator
applications, NC-G-SIM  additionally  implements
BWCBR traffic facility to generate concurrent traffic from
a source node to different destinations by attaching
multiple traffic generating processes thereby, making
the simulation conditions more proximate to the actual

scenarios where heavy traffic is exchanged between the
nodes. Another important feature of this simulator is that
it allows dynamic attachment of routing algorithms and
application cores at the run time, letting re-modification
of routing and traffic, saving the user from re-
compilation of the code.

b) NC-G-SIM Architecture

A comprehensive architecture of NC-G-SIM
simulator is shown in Fig.1. The additional customizable
parameters are the size of the topologies, simulation
and traffic generation cycle, buffer size, packet and flit
sizes, packet interval, adjusted for the simulation engine
Multiple numbers of virtual channels can be multiplexed
per physical channel supporting fifo buffer for storing
incoming traffic. It works at a default clock frequency of
1 GHz which can be altered. Wormhole switching
mechanism is used, where packets are serialized into
several flits therefore, smaller buffers can be utilized in
contrast to the packet switching technique and thus,
makes packet latency relatively insensitive to the path
length.

When simulation ends, NC-G-SIM generates a
log file that can be made detailed or concise by
switching to different log levels. Apart from this the
detailed results of the simulation can be read, checked
and compared in terms of flit load, energy dissipation,
throughput, latency and standard deviation from the
result files generated on completion of the simulation.
Using GnuPlot graphs can also be plotted of these
output performance metrics.
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Figure 7. NC-G-SIM Simulation Framework

Internal Architecture is implemented in the core
where a module “NoC” models network of tiles and
each tile is then prepared by the “NWTile” module. The
preeminent components of each tile (“their module

names”) are as follows: Input Channel Controller[IC]
(“InputChannel”), Controller:  (“Controller”),  Virtual
Channel Allocator [VCA] (“VCAllocator”), Output
Channel Controller [OC] (“OutputChannel”) and ipcore
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(“ipcore”). The number of IC and OC in each tile is equal
to the number of its neighbor plus one for ipcore. IC
manages the arrival and storage of the flits whereas OC
manages the transfer of the flits to the next neighbor
node. Controller handles the routing requests from all
ICs as it implements the router and VCA serves virtual
channel allocation requests from all ICs. Ipcore in each
tile consists of an IP element to which an application or
traffic generator can be attached if needed.

V.

NC-G-SIM simulator was tested to generate the
various performance parameters. Flit interval rate is
taken as 2 clock cycles which means that time taken for
one flit injection at each core and its transmission into
the network approximately takes 2 clock cycles. The
evaluation is performed under medium congestion with
varied traffic load ranges from 10 to 100 percent for a
set of random sources and destinations decided
randomly. These source-destination pairs are kept alike
for fair comparison between 3D and 2D topologies in
each run of simulation. For traffic generation BWCBR
generator was chosen to send out traffic to multiple
cores concurrently. For performance comparison, a
period of 5000 simulation clock cycles was kept in NC-
G-SIM with correlated packet injection interval to
scrutinize network performance.

For the test cases of NoC, the energy required
during communication is evaluated as per energy model
proposed in (Hu 2005). The average energy
consumption by router in transmitting a bit is calculated
using analytical model such as Orion (Glass & Ni, 1992)
and the dynamic bit energy consumption for inter-node
links (£, is calculated using equation (Hu 2005).

EXPERIMENTAL RESULTS

Elyi = (1/2) X a x Cypy X (Vpp)® (1)

Where a denotes average transition probability
for a specific bit between two subsequent segments in
the transit course. The value of a is assumed 0.5 for
purely random data stream. C,, is the physical
capacitance of inter-node wire taken under
consideration for any liable technology and Vo is the
supply voltage.

Within the vast range of supportable number of
tiles 100 topologies were selected that posses same
number of cores in both 2D and 3D for better
comparison and for each topology 10 different test
cases were prepared and executed. Having been
experimented on illimitable number of topology sets, the
average of obtained results is represented to show the
fulfillment of our objectives.

Fig.2. proves three dimensional topologies
exhibit better performance when experimented with
constant average throughput. The average flit latency
gets reduced by 8% to 21.8% as the architecture of 3D

© 2013 Global Journals Inc. (US)

is more compact compared to 2D, therefore needs less
number of hops to traverse from the source node to the
destination node, thereby taking lesser time to reach its
desired node. The average total energy per flit,
consumed in the whole simulation scenario for each test
case also proves the above stated fact of 3D
architectures. The average energy dissipation for the
received flits at destination in 3D has showed
tremendous improvement, as we have got 21% to 36.8%
lesser consumption of energy in 3D topologies as
compared to 2D topologies. The reason behind this is
since the whole bigger topology in 3D is sliced into
layers so it has shorter routes to traverse, this in return
utilises lesser number of routes and much less switch
arbitration saving the energy and the time too.
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Figure 2 : Comparison of performance characteristics
for both two dimensional and three-dimensional
topologies, with topologies grouped in the range of
hundreds

For testing the efficacy of irregular arrangement,
a set of application specific irregular topologies were
explored using table-based scheme supporting Left-
Right routing. Our results in Fig.3. demonstrate that
latency and energy dissipation of irregular NoC was
lowered by approximately 23% and 7.6% respectively, in
comparison to 3D NoCs. Irregular NoCs have achieved
these results as they are more design specific according
to the application requirements of the system. So, their
property of being more system-oriented and targeted
towards the fulfillment of precise system needs make
them a suitable choice to those systems that require
specific designs with maximum performance yield and
in leser time-to-market constraint as well as cost trade-
offs. Using irregular interconnection systems will also
prove beneficial if they are tried to be fused with the



three-dimensional  interconnection  feature of the
upcoming network-on chips.
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Figure 3 : Performance comparison between irregular
and three-dimensional topologies in terms of latency
and average energy consumed per flit

V. CONCLUSION AND FUTURE EXTENSIONS

In this paper, we presented a robust and
generic simulation framework NC-G-SIM to study the
performance of all the NoC domains 2D, 3D and
irregular. System C is preferred as simulator design
because it is meant for higher layer of NoC abstraction
which leads to better understanding about the design
enabling better system tradeoffs. NC-G-SIM features the
use of distributed table-based routing in 3D & irregular
interconnection networks with the potentiality of
evaluating accurately and smartly the effectuation of
multitudinous core designs, allowing the experimenter to
migrate from one design archetype to some other
effortlessly. For the future work we plan to support a
wider range of NoC topologies, routing schemes and
switching mechanisms. Fault tolerant feature is also
seen as an upcoming prominent area of interest. Also,
heterogeneous on-chip communication requirements
will be soon addressed to make the simulator more
advantageous for the researchers of NoC.
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Absiract - Because of their capability to distinguish groups
with sporadic limits, least spanning tree-based grouping
calculations have been generally utilized within practice. Be
that as it may, in such bunching calculations, the quest for
closest neighbour in the development of least spanning trees
is the primary wellspring of processing and the standard
results take O(N ?) time. In this paper, we exhibit a quick least
spanning tree-motivated grouping calculation, which, by
utilizing a proficient execution of the cut and the cycle property
of the least spanning trees, can have much preferable
execution than O(N 2).

Keywords clustering,

grouping.

spanning tree, conquer,

l. [NTRODUCTION

n this paper, we propose another MST roused

grouping approach that is both computationally

effective and able with the state of the workmanship
MST based bunching methods. Essentially, our MST
enlivened bunching strategy tries to distinguish the
moderately little number of conflicting edges and
evacuate them to shape bunches after the complete
MST is developed. To be as general as could be
allowed, our calculation has no particular prerequisites
on the dimensionality of the information sets and the
arrangement of the separation measure, however
euclidean separation is utilized as the edge weight as a
part of our tests.

Given a set of information focuses and a
separation measure, grouping is the procedure of
dividing the information set into subsets, called groups,
with the intention that the information in every subset
offers a few lands in like manner. More often than not,
the normal lands are quantitatively assessed by a few
measures of the optimality, for example least intracluster
separation or greatest intercluster separation, and so
on. Grouping, as a significant apparatus to investigate
the concealed structures of up to date substantial
databases, has been broadly mulled over and
numerous calculations have been proposed in the
written works. As a result of the enormous mixed bag of
the issues and information circulations, distinctive
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systems, for example various levelled, partitional, and
thickness and model based methodologies, have been
created also no systems are totally attractive for all the
cases. Case in point, some traditional calculations
depend on either the thought of assembling the
information focuses around a few "focuses" then again
the thought of differentiating the information focuses
utilizing some customary geometric bends, for example
hyper planes. Thus, they ordinarily don't work well when
the borders of the bunches are eccentric. Sufficient
experimental confirmations have demonstrated that a
minimum spanning tree representation is truly invariant
to the definite geometric updates in bunches' verges.
Thusly, the state of a group has small sway on the
execution of least spreading over tree (MST) based
bunching calculations, which permits us to defeat a
number of the issues confronted by the traditional
bunching calculations. The MST system is a graphical
examination of a subjective set of information focuses.
In such a diagram, two focuses or vertices could be
joined either by an immediate edge, or by an
arrangement of edges called a way. The length of a way
is the number of edges on it. The level of connection of
a vertex is the amount of edges that connection to this
vertex.

A circle in a chart is a shut way. An associated
chart has one or more ways between each pair of
focuses. A tree is an associated chart with no shut
circles. A traversing tree is a tree that holds each focus
in the information set. Assuming that a quality is allotted
to every edge in the tree, the tree is known as a
weighted tree. Case in point, the weight for every edge
might be the separation between its two end focuses.
The weight of a tree is the aggregate total of the edge
weights in the tree. The base traversing trees are the
traversing trees that have the insignificant sum weight.
Two lands used to recognize edges provably in a MST
are the cut property and the cycle property. The cut
property states that the edge with the most diminutive
weight intersection any two parts of the vertex set should
fit in with the MST. The cycle property states that the
edge with the biggest weight in any cycle in a chart can't
be in the MST. Therefore, when the weight connected
with every edge means a separation between the two
close focuses, any edge in the base spreading over tree
will be the briefest separation between the two subtrees
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that are joined by that edge. Subsequently, evacuating
the longest edge will hypothetically bring about a two
bunch gathering. Uprooting the following longest edge
will bring about a three bunch gathering, et cetera. This
relates to picking the breaks where the greatest weights
happen in the sorted edges.

[I.  EXISTING SYSTEM

In universal MST issues, a set of n vertices and
a set of m edges in a joined diagram are given. A "non
specific' least spreading over tree calculation develops
the tree by including one edge at once. Two ubiquitous
approaches to execute the nonexclusive calculation are
the Kruskal's calculation and the Tidy's calculation. In the
Kruskal's calculation, all the edges are sorted into a non
decreasing request by their weights, and the
development of a MST begins with n trees, i.e., each
vertex being its own tree. At that point for every edge to
be included such a non decreasing request, check if its
two closes indicates have a place the same tree. In the
event that they do (i.e., a cycle will be made), such an
edge ought to be disposed of. In the Prim's calculation,
the development of a MST begins with some root hub t
and the tree T avariciously develops from t outward. At
every venture, around all the edges between the hubs in
the tree T and those not in the tree yet, the hub and the
edge connected with the littlest weight to the tree T are
included. Contrary to the "bland" least crossing tree
calculations, "Reverse Delete" calculation begins with
the full chart and erases edges in place of non
increasing weights in light of the cycle property with the
assumption that completing so does not detach the
diagram. The expense of developing a MST utilizing
these established MST calculations is O(m log n). More
productive calculations make a guarantee to close to
straight time unpredictability under diverse suspicions.
In a MST based grouping calculation, the inputs are a
set of N information focuses and a separation measure
characterized upon them. Since each pair of focuses in
the focus set is partnered with an edge, there are such
edges. The time unpredictability of the Kruskal's
calculation, the Prim's calculation, also the "Reverse
Delete" algorithm adapted for this case is O(N?).

[II.  PROPOSED & ANALYSIS OF MST-BASED
CLUSTERING ALGORITHM

With a MST being developed, the following step
is to characterize an edge conflict measure to segment
the tree into bunches. As numerous other grouping
calculations, the number of bunches is either given as a
data parameter or figured out by the calculations
themselves. Under the perfect condition, that is, the
bunches are generally differentiated and there exist no
outliers, the conflicting edges are simply the longest
edges. Nonetheless, in true undertakings, outliers
frequently exist, which make the longest edges a

© 2013 Global Journals Inc. (US)

problematic evidence of bunch partitions. In these
cases, all the edges that fulfil the conflict measure are
evacuated and the information focuses in the littlest
groups are viewed as outliers. Subsequently, the
meaning of the conflicting edges and the improvement
of the ending condition are two major issues that must
be tended to in all MST-based grouping algorithms,
indeed, when the amount of bunches is given as an
information parameter. Because of the imperceptibility
of the MST representation of an information set of
dimensionalities past 3, numerous conflict measures
have been prescribed in the expositive expression.

Despite the fact that MST based grouping
calculations have been generally concentrated on, in
this segment, we depict another partition and prevail
over plan to expedite proficient MST based bunching in
advanced extensive databases. Fundamentally, it
accompanies the thought of the Reverse Delete
calculation. When progressing, we give a formal
evidence of its effectiveness.

Theorem 1
Given a connected, edge-weighted graph, the
“Reverse Delete” algorithm produces an MST.

Proof

First and foremost, we indicate that the calculation
processes a crossing tree. This is on the grounds that
the diagram is given associated at the starting and,
when erasing edges in the non expanding request, just
the most exorbitant edge in any cycle is erased, which
does wipe out the cycles however not detach the chart,
bringing about a joined chart holding no cycle at the
finish. To show that the got crossing tree is a MST, think
about any edge evacuated by the calculation. It might
be watched that it should lie on some cycle (overall
uprooting it might detach the diagram) and it must be
the most exorbitant one on it (generally holding it might
defile the cycle property). Thus, the "Reverse Delete"
calculation processes a MST.

For our MST-propelled grouping issue, it is clear
that n=n and m=n (N-1)/2, and the standard result has
O (N?logn) time multifaceted nature. Be that as it may,
m=0 (N?) is not dependably fundamental. The outline of
a more effective plan is propelled by the accompanying
perceptions. First and foremost, the MST-based
bunching calculations might be more productive if the
longest edges of a MST could be distinguished rapidly
soon after the majority of the shorter ones are
discovered. This is since, for some MST based grouping
issues, provided that we can uncover the longest edges
in the MST quite rapidly, there is no compelling reason
to process the definite separation qualities connected
with the shorter ones.
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Figure 7 . A two-dimensional five-cluster data set

Second, for other MST-based grouping
calculations, if the longest edges might be discovered
rapidly the Prim's calculation could be all the more
proficiently connected to every singular size diminished
group. This partition and overcome methodology will
permit us to spare the amount of separation reckonings
tremendously.
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Figure 2 Spanning tree after the sequential initialization

a) Proposed ldea

Given a set of s dimensional information, i.e.,
every information thing is a focus in the s dimensional
space, there exists a separation between each pair of
the information things. To register all the pair wise
separations, the time unpredictability, where N is the
amount of information things in the set. Assume at the
starting, every information thing is introduced to have a
separation with alternate information item in the set.
Case in point, since the information things are
dependably saved successively, every information thing
might be appointed the separation between itself and its
prompt antecedent called a forward instated tree or
successor called a regressive introduced tree. These

starting separations, whatever they are, give an upper
destined for the separation of every information thing to
its neighbour in the MST. In the execution, the
information structure comprises of two clusters, a
separation cluster and a file show. The separation
exhibit is utilized to record the separation of every
information indicate some other information focus in the
successively saved information set. The file cluster
records the record of the information thing at the flip
side of the separation in the separation cluster.
In the wusage, the information
comprises of two clusters:

i. Distance cluster
i. Index cluster.

structure

i. Distance Array
The separation cluster is utilized to record the
separation of every information indicate some other
information focus in the successively saved information
set.
ii. IndexArray
The record cluster records the file of the
information thing at the flip side of the separation in the
separation cluster.

Consistent with the working guideline of the
MST based bunching calculations, a database might be
part into parcels by recognizing and evacuating the
longest conflicting edges in the tree. In view of this
finding, after the successive introduction, we can do a
pursuit in the separation cluster (i.e., the present
crossing tree) for the edge that has the biggest
separation quality, which we call the potential longest
edge hopeful. At that point the following step is to check
whether there exists an alternate edge with a littler
weight intersection the two allotments joined right away
by this potential longest edge hopeful. Assuming that
the result shows that this potential longest edge hopeful
is the edge with the littlest weight intersection the two
allotments, we uncover the longest edge in the present
crossing tree (ST) that concurs with the longest edge in
the comparing MST. Any other way, we record the
overhaul and begin an alternate adjust of the potential
longest edge hopeful recognizable proof in the present
ST. It might be seen that the nature of our quick
calculation hinges on upon the nature of the instatement
to rapidly uncover the longest edges. In spite of the fact
that the consecutive instatement gives us a traversing
tree, when the information is haphazardly archived, such
a tree could be far from being optimal. This scenario
might be represented by a two-dimensional five group
information set demonstrated in Figure. 1. Indicated in
Figure.2 is its spreading over tree after the consecutive
instatement (SI). So as to rapidly recognize the longest
edges, we propose to accompany the successive
introduction by different runs of a recursive method
reputed to be the divisive progressive grouping
calculation (DHCA).
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b) MST-Inspired Clustering Algorithm

The usage of the DHCA in our methodology is
through the configuration of a C++ information
structure called Node. The Node information structure
has numerous part variables that recall the records of
the subset of the information things that are grouped
into it from its parent level, the lists of its haphazardly
picked k bunch focuses from its own set for its relatives,
and a primary part capacity that produces k new hubs
by grouping its own set into k sub groups. The yields of
the Node information structure are at most k new Nodes
as the descendents of the present one. The divisive
various levelled grouping process begins with making a
Node occasion, called the top Node. This top Node has
each information thing in the information set as its
examples. From these specimens, this top Node
haphazardly picks k information focuses as its bunching
focuses and allocates every example to its closest one,
creating k information subsets as k Nodes. Just when
the amount of specimens in a Node is bigger than a
predefined bunch size will that Node be pushed to the
once more of the top Node, shaping a cluster of Nodes.
This process precedes recursively. With the new Nodes
being produced on the fly and pushed to the once more
of the Node exhibit, they will be handled in place until no
new Nodes are created and the close of the existing
Node show is arrived.

Procedure Name
Input:

Dist_st, edge st
array -
Cist_knn,edge_knn

DHCA_ST

The 8T distance array and index

The auxiliary arrays to remember k-

Mearast

Nb ghbours(kNMN) for each data item
FINM The no.of NNs of a data item
nodehrray An array of the Mode structures
currentNode The current Mode in the Node array

k The number of clusters at each step

data The input data set

maxclustersize The maximum size of each clusters
threshold The value used to filter

Output:

Updated  dist_stedge_stdist_knnedge knn  and new

generated< =k
Mades which are pushed to the back of nadeArray
Begin
Randomly select k centers from
currentMNode;
Generate k newhodes,
For each sample n sampleNumbers of currentNode
that is not
a center

4

sampleNumbers of

find its nearsst
f((clist_st[i] <distance(i , )&&
{sampleNumber|i]>sampleMumber[j]))

center | out of Kk

© 2013 Global Journals Inc. (US)

Update dist_knn, edge_knn;
f(dist_st[i] >threshold)

assign sampleNumbers|i] to groups of center |;
1
}

for each newNode j=1to k

finewMNode[j]. sampleNumbers._size() =maxclustersiza)

J

Push newMNodea(]] to the end of nodefyyay;

End

IV.  RESULT ANALYSIS

We led far reaching examinations to assess our
calculation against the k implies calculation and two
other state of the workmanship MST built bunching
calculations with respect to three standard engineered
information sets and two genuine information sets. The
exploratory results show that our proposed MST
motivated grouping calculation is extremely successful
and stable when connected to different bunching
issues. Since there regularly exist a few structures in the
information sets, our calculation does possibly require
yet can immediately determine the fancied number of
bunches without anyone else present.

Figure 3 . Original Image Considered



Figure 4 . Image obtained on MST

Figure 5 Image obtained on PRIM’s MST

V. CONCLUSION

As a diagram allotment procedure, the MST-
based bunching calculations are of developing
criticalness in discovering the unpredictable borders. A
focal issue in such bunching calculations is the standard
quadratic time unpredictability on the development of a
MST. In this paper, we put forth a more effective
technique that can rapidly recognize the longest edges
in a MST in order to spare some processings. Our
commitment is the configuration of another MST
motivated grouping calculation for vast information sets
(then again, without any particular necessities on the
separation measure utilized) by using a DHCA in an
effective execution of the curtail and the cycle property.
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Abstract - Service-Oriented Architecture (SOA) provides a
flexible framework for service composition. Using standard-
based protocols (such as SOAP and WSDL).There are several
constraints meant for selecting the right and appropriate
service to be designed as reconfigurable dynamic web
services. Those constraints leverage to the following factors
availability, response time, failure handling and supports
dynamic configuration. Our paper presents the way of
predicting the service methods which are really necessary for
providing as a dynamic web service. Since all the service
methods cannot be used as dynamically as it depends upon
the number of users really using the service by the service
providers.

[.  INTRODUCTION FOR SELECTING
DyNamMiC WEB SERVICES

eb Services are software applications or
VVservices that are uniquely identified by a URI
(Uniform Resource Identifiers) and expose
public interfaces for clients, using XML (extended
markup language). Those web services can be

discovered and used by other client applications using
XML based messages and protocols such as HTTP.

total response
SP1 time=8sec
data
~ ~
= —
V/ SP2 | unavailable
. / \
Client W‘ ~
\ SP3 Lptal r_e;ponse
data me =9 sec
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SP4 time=15sec

Figure 7 :Web service activation according to response
time and availability

The emergence and continued development of
web services standards such as SOAP (simple object
access protocol) and WSDL (web services description
language) [3] enable us to request and describe web
services in a standard way. This will increase the ease of
use of web services, enable interoperability between
heterogeneous platforms and help businesses solve
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E-mail : sahulamid@gmail.com

integration problems of their applications. Consequently,
it is anticipated that web servers that host the services
will be subject to increasing usage and have a higher
load. Furthermore, the current simple modulus operand
involving client/server activation of a single web service
will be enhanced to support more complex scenarios, in
which applications and service providers them
selvesrely on other external web services as part of their
business logic. The reliance on third party web services
reduces the control of the

Organization over its application and
(sometimes) mission-critical code. The control and
information of certain parts of the system is pushed
outside organizational boundaries. Scenarios involving
reliance on external web services raise several new
issues and challenges. An example of common
scenario would be of clients consuming external web
services, which in turn outsource their computational
resources to other service providers. Furthermore,
runtime information such as service load and availability
or business related constraints might affect the selection
process of an external web service, and not be
predecided, as it is today. In the existing frameworks for
web services there is no incentive to bind dynamically to
a specific web service. However, once runtime
information concerning those web services is available
to the application, a dynamic binding becomes
advantageous over a static, pre-decided one. We
suggest a model that provides the web service client
runtime information that is pertinent to its execution and
business logic. The client application can then
dynamically bind to the temporarily best service, from a
selection of acceptable web services it works with, and
according to the client’s set of constraints. A client may
want to apply some business rules when dynamically
choosing a web service, or may be more concerned
with response time or availability. When response time is
critical (e.g. stock quotes service etc.) it is important for
an application to activate the fastest web service
available at that given time, or have some mechanism
that ensures availability and reliability. When several
clients participate in such a scenario, an indirect load
balancing mechanism is created, which helps to direct
clients to available and relatively fast web services.

Figures 1 illustrate a client activation decisions
based on information gathered at runtime from the
service providers according to the client constraints.
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In figure 1, the client is concerned with
availability and response times of a web service; after
retrieving related information from the service providers,
it activates the fastest available web service. This
behaviour contributes to the robustness of the client
application. Figure 1 shows client activation, based on

response time and quality of service. According to the
client’s business constraints, it may prefer to switch to
another service provider when it observe a change in the
combination of quality and response time offered by the
service providers.

I1. RELATED WORK
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Figure 2 Architecture of the Dynamic Web Service Selection Framework

Figure 2 shows different components involved
in a Dynamic web service selection Framework. The
upload component uploads semantic description and
WSDL parameters of a web service. The information
from WSDL document is extracted and stored in UDDI
repository. The semantic matcher matches semantic
descriptions of services with user requirements and
proposes a list of services matching with his
requirements. The user can execute any of matching
services using execution environment. The
recommendation component asks the user to rate the
executed service, so it will be used for recommendation
purpose.

Semantic Matcher

Service providers publish  DAML-S [5]
descriptions of services to a Semantic Description
Repository. A service user gives his requirements using
DAML-S description. The semantic matcher finds the
match between user requirement and all published
service descriptions using a Semantic Matching
Algorithm. It along with Recommendation System gives
matching services in an order.

Figure 3 shows the detailed architecture of a
Semantic Matcher [6][7][4]. The Ontology Inference
Engine creates a knowledge base from the specified
ontology in a DAML-S description and a request
description. Web Service Description parser parses the
Web Service Descriptions to find out different
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parameters to be matched. The criteria table specifies
service attributes to be compared and the
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least preferred similarity measures for those attributes.
The similarity measure can be exact, plug-in, sub
sumption, container, disjoint, part of. If the two
conceptual annotations are syntactically identical, the
mapping is called an Exact map. If the second
conceptual annotation specializes the first, the mapping
is called Plug-in. If the first conceptual annotation
specializes the second, the mapping is called Sub
sumption map.

If the first conceptual annotation contains the
second, the mapping is called a Container map and if
first conceptual annotation is part of the second, the
mapping is called Part of map. Otherwise the mapping
is called disjoint map.

Recommenaation Systerm

The Dynamic Web Service Selection Framework
has are commendation system, which recommends the
best service satisfying the user’s requirements. When a
user uses a web service, it asks user to rate a web
service; so that users can help each other to find a
better web service. This is especially important when
there are more than one web services which have same
functionality but their quality of service is different. We
provide the user, a metric to help him decide the rating
of a web service. It will be a comparison matrix of
runtime behavior of a web service and the users
expected QoS parameters like max execution time,
average execution time, max response time, average
response time etc. Web service with better quality of
service will get more rating than other service which
offers same functionality but poor service quality. The
recommendation system uses the item based
collaborative filtering approach [8]. As users rate web
services, it is possible to predict how a given user will
rate a particular web service. Once it knows prediction
of ratings to each web service satisfying user
requirements, it can recommend web services in order
of their ratings. This approach looks at the set of web

services the target user has rated and computes how
similar they are to the web service for which user rating
is to be predicted. Once the similar web services are
found, the prediction is computed by taking a weighted
average of the target user’s ratings on these similar web
services. The item based collaborative filtering approach
has two aspects namely similarity computation and
prediction generation.

a) Similarity Computation

The similarity [8][9] between two web services
is computed by subtracting the average rating of the two
web services. Considering only users who have rated
both web service A and web service B, say that there
are 10 such users, we sum the ratings that A and B got,
say 65 and 85.Clearly B is ranked higher than A by 2 on
average. The similarity between web services is
computed whenever users rate a web service. The result
of similarity computation is stored in a similarity matrix.

b) Prediction Generation

The prediction function [8][9] predicts how a
particular user will rate a web service. It computes
prediction on a web service i for a user u by computing
the sum of ratings given by the user on the web services
similar to i. Each rating is weighted by the
corresponding similarity 57,/ between web services i and
j.Pu, i=_all similar items, j(si/+Au,/) all similar items,
j(/sij/)Basically it tries to capture how the active user
rates the similar web services. The weighted sum is
scaled by the sum of the similarity terms to make sure
the prediction is with in the predefined range. If the user
has used a similar service, it predicts his likely
satisfaction index for this service/service chain. If no
similar service has been used before, it considers the

average rating of all the users for similar services.
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DyNamiC WEB SERVICE INVOCATION -
ADVANCED

[11.

a) Headers

Besides parameters, a web service operation
may include “headers”. Headers are basically additional
parameters that are carried inside the header of a SOAP
request/response instead of in the body. In general
headers are used to specify additional information not
strictly related to the semantics of an operation such a
as the credentials (username and password) required to
invoke it.

The WSData class allows managing parameters
and headers homogeneously: while the

voidset Parameter(<parameter-name>, < parameter-
value>)
AbsObjectgetParameter(<parameter-name>)

String get Parameter String(<parameter-name>),
Intget Parameter Integer(<parameter-name>),
booleanget Parameter Boolean(<parameter-name>)
methods are available to manage parameters, the
voidset Header(<header-name>, <header-value>)
AbsObijectgetHeader(<header-name>)

String getHeaderString(<header-name>)
integergetHeaderInteger(<header-name>)
booleangetHeaderBoolean(<header-name>)
methods are available to manage headers.

b) Proxy

In many cases both the access to a WSDL (at
Dynamic Client initialization time) and the actual web
service invocation require passing through an HTTP
Proxy. The Dynamic Client class provides the following
methods to set proxy information.

e setProxyHost(<host>): Set the proxy host (e.g.
163.162.10.12)

e setProxyPort(<port>): Set the proxy port (e.g. 8080)

o setNonProxyHosts(<listOfAddresses>): Set a list of
addresses (possibly including “*’) that will be
accessed without using the proxy. The separator is
the *|’ character

e setProxyAuthentication(<user>, <password>): Set
the credentials (if any) required to access the proxy

The following code snipped provides an example.

dc.setProxyHost(“10.12.175.14");
dc.setProxyPort(“8080");
dc.setNonProxyHosts("163.163.* | *.telecomitalia.it”);
dc.setProxyAuthentication(“myUser”, “myPwd”);

dc.initClient(new URI("http://myWSDL");

c) Security

Certain  web services require HTTP Basic
Authentication. The Dynamic Client class provides the
following methods to set HTTP related information.

o setDefaultHttpUsermame():  Specifies  the

username used in all requests.

http
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e setDefaultHttpPassword():  Specifies  the

password used in all requests.
The following code snipped provides an example.

dc.setDefaultHttpUsername(“MyHttpUsername”);
dc.setDefaultHttpPassword(“MyHttpPassword”);

If the credential of HTTP Basic Authentication
are different in all requests is possible specify them in
invoke(...) method with Security Properties object.

Instead, if the credential of HTTP Basic
Authentication are different for the WSDL discovery is
possible specify them in initClient(...) method.

The following code snipped provides an
example dc.initClient (new  URI("http://myWSDL"),
“‘MyHttpUsername”, “MyHttpUsername”); Other web
services require WS-Security Username Token. The
DynamicClient class provides the following methods to
set WSS related information.

http

e setDefaultWSSUsername():  Specifies the wss
username used in all requests.
o setDefaultWSSPassword():  Specifies the wss

password used in all requests.

o setDefaultWSSPasswordType(): Specifies the wss
password type used in all requests (TEXT or
DIGEST, see SecurityProperties object).

The following code snipped provides an example.

dc.setDefaultWSSUsername(“MyWSSUsername”);
dc.setDefaultWSSPassword(“MyWSSPassword”);
dc.setDefaultWSSPasswordType(SecurityProperties.PW
~TEXT);

If the credential of WS-Security Username
Token are different in all requests is possible specify
them in invoke(...) method with Security Properties
object.

Other web services require WS-Security
Timestamp. The Dynamic Client class provides the
following method to set WSS related information.

o setDefaultWSSTimeTolLive(): Specifies the wss
request time to live (in second) used in all requests.

The following code snipped provides an example.
dc.setDefautWSSTimeToLive(60);

If the credential of WS-Security Timestamp are
different in all requests is possible specify them in
invoke(...) method with Security Properties object.

Other web services require SSL connections
with or without certificates. The Dynamic Client class
provides the following methods to set SSL related
information.

e enableCertificateChecking(): Enables the certificates
checking mechanism. When this mechanism is
enabled (the default situation) a trust store holding
certificates of trusted remote servers must be
indicated (see the setTrustStore() method).

o disableCertificateChecking(): Disables the certificate
checking mechanism.



e setTrustStore(<file.keystore>): Specifies the
keystore holding certificates of trusted remote
servers

o setTrustStorePassword(<password>): Specifies

the password used to protect the keystore of trusted
certificates

The following code snipped provides an example.
dc.setTrustStore(“C:/myFolder/cert keystore”);

dc.setTrustStorePassword(“myPassword”);
dc.initClient(new URI("http://myWSDL"));

d) Caching
Considering that the initialization of a Dynamic
Client (initClient() method) is a long operation that may

take some seconds, a good approach is to create a
single Dynamic Client instance for each WSDL and
reuse it whenever an operation of a service described in
that WSDL must be invoked (note that the invoke()
methods of the Dynamic Client class are thread safe
and therefore can be called by two or more threads in
parallel). In order to facilitate this practice the WSDC
provides a class called Dynamic Client Cache that
manages all issues related to creation, initialization and
caching of Dynamic Client objects in a thread safe
mode. The Dynamic Client Cache class follows the
singleton pattern and therefore the first step when using
it is to retrieve the singleton Dynamic Client Cache
instance by means of the get Instance() method.

The following code snippet shows how to use the DynamicClientCache class.

DynamicClientCache dcc = DynamicClientCache.getinstance();
DynamicClient client = dcc.get(new URI("http://myWSDL"));
WSData output = client.invoke(“sum”, input);

The get() method of the DynamicClientCache
class first checks if a DynamicClient object was already
created to access the given WSDL and returns it in that
case. Only if no DynamicClient object is already
available a new one is created and initialized.

[V.  SERVICE SELECTION ALGORITHMS FOR
GENERAL FLOW STRUCTURE

Many real-world service processes have
services that are not in strictly sequential order. They
may have parallel operations to perform several services
at the same time, conditional branch operations, and
loops for using a service more than once in a flow. The
function graph for composite service with general
composition patterns may contain complex structures
among function nodes. In order to simplify the problem
and construct a service candidate graph with a DAG
structure, we first remove the loop operations by
unfolding the cycles as in [Zeng et al. 2004]. A cycle is
unfolded by cloning the function nodes involved in the
cycle as many times as the maximal loop count.

V. CONCLUSION

We have studied the problem of service
selection with multiple QoS constraints and proposed
several algorithms. The selection of dynamic web
service is depends upon the Execution price, Execution
duration, Reputation, Successful execution rate,
Availability, response time < 600, cost< 25 0,
availability = 85%.
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An Efficient Security Mechanisms for Different
Sort of Attacks in CWSN

K. Katyayini® & S.V. Ramanamurthy °

Abstract - One of the major important aspects of wireless
sensor networks (WSNs) is their capability to collect and
process huge amounts of information in parallel with the help
of small, power limited devices enabling their use in
observation, target detection and various other monitoring
applications. Recently, new ideas have been proposed to
develop cognitive WSNs (CWSNs) to enhance awareness
about the network and environment, and make adaptive
decisions based on the application goals. A CWSN is a
special network, which has many constraints compared to
traditional wireless network. But the major problem is security.
In this paper discovering various security threats in these
networks and various defense mechanisms to counter these
vulnerabilities. Various types of attacks on CWSNs are
categorized under different classes based on their natures and
targets, and corresponding to each attack class, appropriate
security mechanisms are discussed.

Keywords : WSN, WSN attacks, cognitive WSN.

I. INTRODUCTION

ver the last decade, wireless sensor networks

(WSNs) have attracted a lot of interest in the

research community due to their wide range of
potential applications. A WSN consists of hundreds or
even thousands of small devices each with sensing,
processing, and communication capabilities to monitor
a real-world environment. They are envisioned to play an
important role in a wide variety of areas ranging from
critical military surveillance applications to forest fire
monitoring and building security monitoring (Akyildiz et
al., 2002). Most of the WSN deployments operate in the
unlicensed ISM bands (2.4GHz). Several other small
range wireless protocols like Wi-Fi, Bluetooth etc. also
use the same band. This has led to overcrowding in this
band with the increasing deployment of WSN-based
applications. As a result, coexistence issues in the ISM
bands have attracted extensive research attention
(Cavalcanti et al., 2007).

The increasing demand for spectrum in wireless
communication has made efficient spectrum utilization a
big challenge. To address this important requirement,
cognitive radio (CR) has emerged as the key
technology. A CR is an intelligent wireless
communication system that is aware of its surrounding
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environment, and adapts its internal parameters to
achieve reliable and efficient communication and
optimum utilization of the resources (Mitola, 2000).With
the advent of CR technology, we have a different
perspective of the traditional WSNs. In the current
cognitive wireless sensor networks (CWSNSs), the nodes
change their transmission and reception parameters
according to the radio environment. Cognitive
capabilities are based on four activities: (i) monitoring of
spectrum sensing, (ii) analysis and characterization of
the environment, (i) optimization of the best
communication strategy based on different constraints
such as reliability, power, security and privacy issues
etc., and (iv) adaptation and collaboration strategy. The
cognitive technology will not only enable access to new
spectrum but it will provide better propagation
characteristics  leading to reduction in  power
consumption, network life-time and reliability in a WSN.
With cognitive capabilities, WSN will be capable of
finding a free channel in the unlicensed band to transmit
or could find a free channel in the licensed band for
communication. A CWSN, therefore, will be able to
provide access not only to new spectrum bands in
addition to the available 2.4 GHz band, but also to the
spectrum band that has Dbetter propagation
characteristics. If a channel in a lower frequency band is
accessed, it will certainly allow communications with
higher transmission range in a CWSN, and hence fewer
sensor nodes will be required to provide coverage in a
specific area with a higher network life-time due to lower
energy consumption in the nodes. CWNs will also
provide better propagation characteristics by adaptively
changing systems parameters like modulation schemes,
transmit power, carrier frequency and constellation size.
The result will be a more reliable communication with
reduced power consumption, increased network life-
time and higher reliability and enhanced quality of
service (QoS) guarantee to applications.

There is some basic difference between WSN
and CWSN. In CWSN nodes change their transmission
and reception parameters according to the radio
environment. Cognitive capabilities are based in four
technical components: sensing spectrum monitoring,
analysis and environment characterization, optimization
for the best communication strategy based on different
constrains (reliability, power consumption, security, etc.)
and adaptation and collaboration strategy. Adding those
cognition capabilities to the existing WSN infrastructure
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will bring about many benefits. In fact, WSN is one of the
areas with the highest demand for cognitive networking.
In WSN, node resources are constrained mainly in terms
of battery and computation power but also in terms of
spectrum availability.

Hence with cognitive capabilities, WSN could
find a free channel in the unlicensed band to transmit or
could find a free channel in the licensed band to
communicate. CWSN could provide access not only to
new spectrum (rather than the worldwide available 2.4
GHz band), but also to the spectrum with better
propagation characteristics. A channel decision of lower
frequency leads more advantages in a CWSN such us
higher transmission range, fewer sensor nodes required
to cover a specific area and lower energy consumption.

This way, CWSN is a new concept proposed in
literature [4] with the following advantages:

e Higher transmission range.

e Fewer sensor nodes required to cover a specific
area.

Better use of the spectrum.

Lower energy consumption.

Better communication quality.

Lower delays.

Better data reliability.

[I.  MOTIVATION

The ultimate goal is to design WSNs which are
more aware of the concurrent conditions of the network,
can make decisions based on the information, and take
actions. Based on definition of cognitive WSN in [5], a
cognitive WSN should be aware of the amount of
sensory data being commmunicated and know when and
where to forward it. It can allow the network to avoid
communicating sensed data when it is not necessary.
The energy available to each node is fed back to
determine a maximum average power. This in turn
dictates a maximum duty cycle for the node and a
constraint on the maximum sleep time [6]. In addition,
because cognitive sensor networks should have such
high level of knowledge about the environment and the
types of information exchanged, they must be
application specific. The main aspects of the cognitive
network are behavior-oriented architecture with agents
that have a sensor-based robust behavior with slow rate
of processing, distributed control, small size, and
inexpensive low power consumption hardware [6]. We
believe that cognition, when incorporated in sensor
networks will enable achieving the following objectives:
(i) Make the network aware of, and dynamically adapt to,
application requirements and the environment in which it
is deployed. (ii) Provide a holistic approach to enable
the sensor network to achieve its end-to-end goals, i.e.
gather information about the network status from
network and MAC layers, application requirements from
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the application layer and achieve the objectives of the
network.

Since WSN is comprised of low power
consumption devices with limited processor capabilities,
cognition should be implemented in such an
infrastructure.  To avoid imposing high load of
processing or forcing a costly upgrade on all devices of
a WSN, this work proposes implementing new devices
called cognitive nodes. By using cognitive nodes in the
network, the performance of the network would be
improved and the cost as well, so the cost must justify
the performance[9]. Cognitive nodes are designed such
that they use the same infrastructure as sensor nodes
but are able to handle cognition processes and manage
decisions and actions by commanding other nodes.
This way the cost added due to cognition will be as low
as possible and can benefit from previous
developments in the design of sensor nodes. Since
WSN employs nodes with limited batteries which need
to last for a long time one of the challenges is how to
maximize lifetime. Transmission is one of the most
power consuming processes in sensor nodes and
nonefficient transmissions of data can lead to a shorter
lifetime. So this work tries to schedule nodes'
transmission rate by the means of cognition to maximize
lifetime. In addition, since in a WSN, there are redundant
sensor nodes deployed, efficient scheduling of the
redundant nodes can lead to an improved lifetime.

The Main Characteristics of a CWSN can be
divided in to three parts:

Awareness
Decision making
Taking appropriate action

I1I.  RELATED WORK

First works about security in CR were developed
specifically to analyse the effects produced by cognitive
features and how they could be used to mitigate the
negative effects. So, as we have said, in the article [7]
each characteristic and the attacks that could take
advantage of it are analysed. A different point of view is
shown in the article of Zhang and Li [1]. They make a
survey about the weaknesses introduced by the nature
of CR. They base the security of the system in two tasks:
protection and detection, and divide the attacks and
countermeasures depending on which layer of the
protocol stack affects. The article [2] studies threats that
affect the ability to learn of cognitive networks and the
dynamic spectrum access. To conclude the general
references about security, it should be noted the article

of Goergen and Clancy [9] where an attack
classification in cognitive networks is done: DSA
attacks, objective function attacks and malicious

behaviour attacks.
In [3], two specific attacks against cognitive
networks are analysed: primary user emulation (PUE),



and sensing data falsification. It also provides some
countermeasures well adapted to static scenarios such
as TV system. In [4], a secure protocol spectrum
sensing is presented. It bases its functionality on the
generation and transmission of specific keys to each
node. As a third example of safety sensing investigation,
the research [5] proposes a collaborative algorithm
based on energy detection and weighted combining
(similar to a reputation system) to prevent malicious
users.

Related to specifics attacks, the most studied
against CR is the PUE, which was defined by Chen and
Park [6] for the first time in 2006. Since then, research of
the same authors [7] has focused on countermeasures
against PUE. Also, in [18] a way to detect the PUs
through an analytical model that does not require
location information is shown. As well as the PUE attack,
the community of researchers in CR has been studying
other kind of attacks originate from different wireless
networks, such as denial of service (DoS) attack or
jamming attack. These attacks have special
characteristics in cognitive networks, for example, article
[9] studies these features for DoS, and [2] shows a
countermeasure based on frequency hopping
(technically possible in CR) to avoid jamming attacks.

IV. ATTACKS IN CWSN

a) Communication Attacks

This types of attacks the attacker affects data
transmissions between nodes with a concrete purpose.
The goal could be from isolate a node to try to change
the behavior of whole network.

b) Replay Attack

It consists on the replay of messages from
inside or outside the current run of communication [6].
For example, message is directed to other than the
intended node. This receiver node replays the message
to the intended principal and this receives the delayed
message. This delay is fundamental to calculate network
characteristics (channel, topology, routing, etc.).

c) Jamming Attack

In this attacks, the transmission of a radio signal
that interferes with the radio frequencies used by nodes.
Jamming attack is one of the most studied attacks
against WSN [7]. However, CWSN has great
advantages to solve jamming but also can produce
negative effects like energy consumption or
communication failures. A typical jamming attack is a
high power transmission using the PU frequency.

ad) Collision Attack

It consist of the intention of violate the
communication protocol [8]. This attack does not
consume much energy of the attacker but can cause a
lot of disruptions to the network operation. Due to the

wireless broadcast nature, it is not trivial to identify the
attacker.

e) Routing ill-directing attack

In this attack, a malicious node simply refuses
to route messages. Examples of this kind of attacks are
the grey hole and black hole ones. In these attacks, the
nodes refuse all packets that arrive or a percentage
thereof. Because of this misinformation, the network can
change the routes, the topology or leaving isolated
nodes.

1 Sybil Attack

It is defined as a malicious device illegitimately
taking multiple identities. Sybil attack is effective against
routing algorithms, voting, reputation systems and
foiling misbehavior detection.

g) Against privacy attacks

It is also important attack class is attacks
against privacy. CWSNs allow sharing resources to
establish a communication and to be aware of
environment. Attackers could use this access to take
some of node information. The attacks against node
privacy include eavesdropping, through taping the
information; the attacker could easily discover the
communication contents. Impersonating attack, where
the attacker joins to the network and it can impersonate
the original victim sensor node to receive packet, and
traffic analysis, using wireless and cognitive features to
listen in the entire spectrum. Traffic analysis attacks [19]
try to deduce the context information of nodes analysing
the traffic pattern from eavesdropping on wireless
communication. Acquired information could be used to
prepare a most harmful attack. For example, spectrum
information can be used to know what the weakest
spectrum zone is or where the PUs are emitting.

h)  Node-targeted attacks

Node-targeted attacks need more attention that
in a normal WSN because of the propagation of
information is more important for the correct working of
CWSN. A node can be captured and attackers use
reverse engineered and become an instrument for
mounting counterattacks. Other possibility is to destroy
the nodes. This destruction not only affects to node
functionality, but also affects whole network. Usually,
node-targeted attacks ought to be less important for
WSN. However, distributed information and co-
operational behavior in CWSN make a captured node a
powerful  weapon for attackers. Extracting a
cryptographic key and modifying the internal device
code are examples of node targeted attacks.

1) Power consumption attacks

CWSNs are susceptible to attack, because they
are cheap small devices. Small size of nodes and
batteries makes CWSN very vulnerable to power
consumption attacks. The attacker can inflict sleep
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torture on an energy constrained node by engaging in it
unnecessary communication work to quickly drain its
battery power. Depriving the power of a few crucial
nodes (e.g. Access Point) may lead communication
breakdown of the entire network. Attacker node can
request a channel change every time, increasing power
consumption.

V.  PROPOSED SYSTEM

A robust authentication mechanism is a prime
requirement in collaborative spectrum sensing. The
authentication scheme may have different perspectives
to different categories of nodes in a CWSN. The
authentication of the primary users is a critical issue
since an attacker may transmit signals with high power
that has close resemblance with the signals of a primary
user and launch a primary user emulation (PUE) attack
(Chen et al., 2008c; Liu et al., 2010). To prevent such an
attack, the secondary users should have a robust
verification scheme for verifying the authenticity of the
received signals. Similarly, when the secondary users
receive the sensing reports from other users, they
should be able to verify the authenticity of the other
secondary users; otherwise, a potential adversary may
be able to spoof the identity of a secondary user. The
authentication of sensing reports distributed across the
network is also a very important issue. Even if the
authentications of the secondary users are done during
the sensing report aggregation process, it is still
possible for a malicious secondary user to send false
sensing reports and launch spectrum sensing data
falsification (SSDF) attack (Wang et al., 2009b). Hence,
each sensing report in the aggregation process should
be authenticated.

A popular approach for defending against
unauthorized spectrum access is to deploy a spectrum
monitoring system in the CR network. The spectrum
monitoring system acts as a spectrum “watch guard” for
detecting spectrum misuse and carries out the following
functions: (i) monitoring of the spectrum usage in a
specific spatial region and over a range of frequencies,
(i) identifying wireless services and the nodes providing
such services. However, design of an effective spectrum
monitoring system is a challenging task since natural or
man-made obstacles can change the features of the
radio signal, and identification of wireless services may
be difficult if an attacker can successfully emulate a
specific wireless service being provided in the network.
To address these problems, spectrum monitoring
systems can be distributed across the nodes.
Information on the wireless services in an area can be
transmitted to a central monitoring location, which can,
then, correlate the various inputs and check the received
information against other data like the known position of
the wireless services in the area and their source.

© 2013 Global Journals Inc. (US)

The cognitive pilot channel (CPC) of a CR
network is responsible for distributing the cognitive
control messages. The CPC is vulnerable to numerous
attacks including the DoS attacks and the saturation
attacks on the control channels. A popular protection
mechanism against the jamming attack in a specific
spectrum band of a CR network is to use frequency
hopping. The CPC could use more than one spectrum
band and “hop” around the spectrum bands to avoid a
possible jamming attack. The trade-off is an increased
complexity of the CR network as the CR nodes should
be notified about the change in the frequency band of
the CPC. If an attacker effectively monitors the CPC, it
could “chase” the CPC band for every change and
eventually cause continual adaptation and outage of
service to the CR network.

Yue et al. present two coding schemes for
recovering lost packets transmitted through parallel
channels coding technique (Yue & Wang, 2009). The
two coding schemes, known as rateless coding and
piecewise coding, can be adapted to CWSNs for
protecting the CPC and CCC. Meucci et al. present a
lightweight mechanism for achieving security in the PHY
layer in a CR network using orthogonal frequency
division multjplexing (OFDM) (Meucci et al., 2009). In the
proposed scheme, the user’s data symbols are mapped
over the physical sub-carriers using a permutation
strategy. The security in the PHY layer is achieved using
a random and dynamic sub-carrier permutation which is
based on a single pre-shared information.

VI. CONCLUSION

CWSNs are increasingly being used in military,
environmental, health and commercial applications.
These networks are inherently different from traditional
wireless networks as well as WSNs. Security is a
mandatory feature for the deployment of CWSNs. This
article summarizes the attacks and their taxonomy and
also an attempt has been made to explore the security
mechanisms widely used to handle those attacks. The
challenges of WSNs are also briefly discussed. Security
issues are a novel research area. This survey will
hopefully motivate future researchers to design smarter
and more robust security mechanisms and make their
networks safer.
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It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric Sl units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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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.

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

XVI



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.
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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.
®  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
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