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Enabling Researchers to Make their Data Count

Ajit Singh

Abstract- Over the last years, many organizations have been
working on infrastructure to facilitate sharing and reuse of
research data. This means that researchers now have ways of
making their data available, but not necessarily incentives to
do so. Several Research Data Alliance (RDA) working groups
have been working on ways to start measuring activities
around research data to provide input for new Data Level
Metrics (DLMs). These DLMs are a critical step towards
providing researchers with credit for their work. In this paper, |
describe the outcomes of the work of the Scholarly Link
Exchange (Scholix) working group and the Data Usage
Metrics working group. The Scholix working group developed
a framework that allows organizations to expose and discover
links between articles and datasets, thereby providing an
indication of data citations. The Data Usage Metrics group
works on a standard for the measurement and display of Data
Usage Metrics. Here | explain how publishers and data
repositories can contribute to and benefit from these initiatives.
Together, these contributions feed into several hubs that
enable data repositories to start displaying DLMs. Once these
DLMs are available, researchers are in a better position to
make their data count and be rewarded for their work.
Keywords. crossref; research data count; citation;, DLM;
RDA; scholix; researcher; datasite; DOI, working group.

[. INTRODUCTION

esearchers who want to build on published
:{research can reuse existing data to arrive at new

conclusions. In addition, linking scholarly
literature and data leads to increased visibility, discovery
and retrieval of both literature and data, facilitating
reuse, reproducibility and transparency. In a digital world
where data can be more easily shared and
documented, scholarly literature and its underpinning
data are increasingly seen as inseparable.

At the same time, while the importance of data
sharing is accepted, there are essential questions that
still require an answer. For example, why should authors
go through the effort of documenting and publishing
datasets, if their career depends on the publication of
articles and if there is no standard for metadata and
basic attribution information around data? Several RDA
projects are underway to provide answers to these
questions by creating a framework to measure data
reuse in a standardized fashion.

Finding the right way to measure the impact of
shared data is crucial if research data is to be included
as one of the scholarly outputs used for research
evaluation. The current meritocratic system in academia

Author: Assistant Professor, Department of Computer Science Patna
Women'’s College, Patna-800001 Bihar, India.
e-mail: ajit_singh24@yahoo.com

relies heavily on the publication of scientific results in
recognized academic journals, supported by an
internantional editorial board and peer review system.
The most commonly used metric to measure the impact
of a publication is counting the number of times it
receives a citation from other publications that are also
peer reviewed and published in recognized journals.

The temptation to use the same metrics for
data, and measure citations of datasets in articles, is
certainly strong. However, the interaction and impact of
research data is more complex than that. The very
definition of what a citation for data is fuzzier than the
equivalent for articles.

In this paper, | describe how the outputs of two
RDA working groups (WGs), the Scholix WG and the
Data Usage Metrics WG, can be used to assess data
reuse and make data usage statistics and citations
available. | will first outline how data repositories and
publishers can expose article-data links using Scholix
approaches and data usage metrics following the new
code of practice for research data. | will then explain
how they can consume this information to make DLMs
available and help researchers get credit for their work.

[I.  DATA CITATION

a) Scholix: aggregating article-data links to count data
citations

The goal of the Scholix WG was to establish a
high-level framework for exchanging article-data links. It
aimed to enable an open information ecosystem to
understand systematically what data underpins literature
and what literature references data.

The Scholix WG addressed this problem. Its
goal was to improve the links between scholarly
literature and research data as well as between
datasets, thereby making it easier to discover, interpret,
and reuse scholarly information. The Scholix initiative
offers:

1. A universal, global framework that enables
information about the links to be exchanged
technical guidelines that specify how the
interoperability framework works.

2. A common conceptual model, an information

model, and open exchange protocols.
3. A community that discusses, develops and applies
these specifications.

Within the Scholix framework:

Data repositories, journals, and others provide
information about the links between literature and data
that they hold to community ‘hubs’ such as OpenAlRE,
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Crossref and DataCite (with Crossref and DataCite
working on a shared infrastructure). This supports and
respects existing community-specific practices and the
existing means of exchanging this information.

The community ‘hubs’ — which are natural
places to collect and exchange information about the
links between literature and data — commit to a common
information model for exchanging the links that they
hold and an agreed open exchange method enables
this to occur.

The conceptual model (Figure 1) is about the
link between two objects, such as a journal article and
the underpinning data. Rather than describing in detail
the properties of each of the two objects, the conceptual
model focuses on the relationship between the objects.
It also enables a record of who asserted the link and
who made the link available.

Link

-

B

@ b Relationship

Provider/

TN
\

Figure 1: Scholix information model. Providers contribute links by sharing information about the source object
(article or dataset), target object (article or dataset) and the nature and direction of the relationship.

b) Contributing data citations: publishers

As mentioned in the previous section, within the
Scholix framework organizations contribute information
through community hubs. The majority of scholarly
publishers work with non-profit organization Crossref to
share metadata about publications. These metadata
records include comprehensive information about the
items being registered, and increasingly include links to
related scholarly artifacts such as data, software,
protocols, and reviews.

As can be seen in Figure 2, Crossref provides
two paths to registering data citations: references and
relations. Relations are a way to associate related digital
objects with each other through metadata. A publisher
can register metadata with Crossref explicitly linking a
dataset to a journal article. References are formal
citations (such as would be provided in a bibliography)
and are a type of relation but are provided separately
within Crossref metadata.

Crossref members should deposit data citations as
references if:
e The data citation includes a DataCite DOI

© 2019 Global Journals

e They include data citations in their reference lists
(recommended) Crossref members should deposit
data citations as relations if:

e They want to capture specific relation types (e.g. is
Supplemented By) beyond ‘references’

e They are not able to supply data citations as
references

In 2019 Crossref will be expanding citation
support to allow publishers to explicitly identify data
citations in line with the data citation roadmap for
scientific publishers (Cousijn et al. 2018). This will allow
for deposition of data citations with all types of
persistent identifiers as references.

c) Contributing data citations: data repositories

Many data repositories actively curate and keep
track of which articles are using the datasets they host.
This is valuable information that is currently not always
available to other organizations in the data community.
For data repositories that use DataCite DOls, the DOls
and accompanying metadata are registered with



CV Crossref member \)

Method 1:
References

Crossref
DOl or no
DOI?

Yes

=
s Crossref
Metadata APIs

—
== Crossref
Event Data Metadata APIs

Relations -
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Datacite
DOI?

Yes*

Yes
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*supported early 2019

Figure 2: Depositing Data Citations with Crossref. Publishers can deposit data citations following two different
methods: references or relations.

DataCite. Therefore, information about any
journal publications related to a dataset can be included
in the metadata records that are sent to DataCite. This
additional information should follow the DataCite
metadata schema which is aligned with the Scholix
metadata schema (Burton et al. 2017b).

When these elements are added to the
metadata that is registered with DataCite, the
information about the links will automatically become
openly available.

d) Contributing data citations: institutional repositories

For data centers that do not assign DataCite
DOls to datasets, OpenAlIRE is currently the best place
to deposit article-data links. Institutional repositories can
export metadata descriptions of their datasets with links
to articles as Dublin Core records or as Scholix records
and register with OpenAIRE’s Scholexplorer Service
(Burton et al. 2017¢) as a data source. Scholexplorer will
bulk collect metadata records from the reposi-tory APIs;
Scholexplorer is compatible with the OAI-PMH protocol
or REST search APIs that allow collection of all records
with a paging system (collecting by means of several
calls) and with “last date of indexing” (incremental
approach). Scholexplorer will then enrich its graph of
article-dataset links with the ones collected from the
repository, de-duplicate when necessary, and expose all
links as Scholix records via APIs on behalf of the
registered repository. All links exported by OpenAlRE
carry provenance information about the data sources
that provided the links (more than one source may have
provided the same link), to ensure visi-bility of the
contributing repositories and provide a degree of trust to
the consuming services. OpenAIRE asks the database
to display the Scholix logo on their website and indicate
that it is harvested by Scholexplorer.

I1I.  DATA USAGE METRICS

a) Standards for data usage metrics
Following the Scholix initiative and the related
work of the RDA Data Citation WG, it was clear that

there are broader metrics for data that the community
needs to address. With the Scholix working group
focusing on the relationships between articles and
datasets and the Data Citation Working Group
addressing challenges related to dynamic data citation,
there was a need for a working group to define usage
for data. The Data Usage Metrics WG started in
Ocyober’ 2018 and focuses on metrics that reflect
usage of research data. The group is working to build a
comprehensive list of use cases that covers the
spectrum of types of ‘usage metrics’ that may apply to
research data, build a recommendation for community
guidance on what types of usage metrics should be
applied at the data and repositories levels, and drive
adoption of usage metrics across the research
landscape. Specifically, the working group is aimed at
outlining the barriers to adoption of data-level-metrics
standards and current implementations of usage
metrics across the data repository landscape. These
conversations, surveys, and findings will aid in defining
recommendations for types of data and associated
metrics that repositories should be considering. The
group works closely with the Make Data Count project
and leverages the COUNTER code of practice for
research data (mentioned below).

b) Contributing data usage metrics

This first release of the Code of Practice for
Research Data specifically targets research data usage.
The recommendations are aligned as much as possible
with the COUNTER Code of Practice Release 5 for the
major categories of e-resources (journals, databases,
books, reference works, and multimedia databases).
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Figure 3. Framework of the Make Data Count project. Repositories process log files against the new Code of
Practice and these processed files feed into the same hub as the article-data links collected following the cholix
framework. All this information is made openly available to the community so organizations can develop and

display DLMs.

and mainly concern views and downloads - called
investigations and requests in the Code of Practice.
Many definitions, processing rules and reporting
recommendations apply to research data in the same
way as they apply to other resources. The Code of
Practice for Research Data enables the reporting of
usage statistics by different data repositories following
common best practices, and thus is an essential step
towards realizing usage statistics as a metric available
to the community to better understand how publicly
available datasets are being reused.

CONSUMING DATA USAGE STATISTICS
AND CITATIONS

V.

The citations and usage statistics contributed
by data repositories and publishers are made openly
available to the community via APls. Crossref and
DataCite developed Event Data, a shared underlying
infrastructure that holds (among other things) all
citations that are contributed as part of article and
dataset metadata. Crossref and DataCite each have
their own API through which they make these citations
available.

» Services such as Scholexplorer retrieve data
citations from the Crossref Event Data service using
this Scholix APl endpoint: http:/api.eventdata.
crossref.org/v1/events/scholix.

» Scholexplorer combines this information with the
citations that are provided to OpenAIRE.

» Views and downloads processed against the
COUNTER Code of Practice are sent to DataCite
and any repos-itory or research data service can
consume usage statistics for a given dataset DOI
from an Event Data Query API provided by DataCite
(https://support.datacite.org/docs/eventdata-guide).
The API combines citations and other events into
one API call.

© 2019 Global Journals

V. (CONCLUSIONS

Measuring data (re)use and the development of
DLMs are crucial if data is to become a first-class
research output. Both the Scholix and Data Usage
Metrics WGs are making significant contributions in this
area by developing clear guidance on how to collect
and share data usage statistics and article-data links.
Whereas the Scholix WG has reached the end of two
very successful 18 month working group terms, the Data
Usage Metrics only just started and will continue the
work on DLMs and the adoption thereof.

In this paper, | described how data repositories
and publishers can contribute to and participate in these
initiatives. The openness of the systems developed
offers an infrastructure for collaboration using accepted
standards. Community organizations, publishers, data
repositories, and service providers can rely on common
guidelines and standards to share (re)use information
they collect about datasets. The most important next
step is for as many organizations as possible to
standardize usage counts and contribute usage and
citations to the open infrastructure hubs.
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Past before Future: A Comprehensive Review on
Software Defined Networks Road Map

W. Rankothge

Abstract- Software Defined Networking (SDN) is a paradigm
that moves out the network switch’s control plane (routing
protocols) from the switch and leaves only the data plane
(user traffic) inside the switch. Since the control plane has
been decoupled from hardware and given to a logically
centralized software application called a controller; network
devices become simple packet forwarding devices that can be
programmed via open interfaces. The SDN’s concepts:
decoupled control logic and programmable networks provide
a range of benefits for management process and has gained
significant attention from both academia and industry. Since
the SDN field is growing very fast, it is an active research area.
This review paper discusses the state of art in SDN, with a
historic perspective of the field by describing the SDN
paradigm, architecture and deployments in detail.

Keywords: software defined network (SDN), review.

l. [NTRODUCTION

hree components of the network architecture are
control plane, data plane, and management plane
[1]. The control plane carries control traffic (routing
protocols) and is responsible for maintaining the routing
tables. The management plane carries administrative
traffic and is considered a subset of the control plane.
The data plane bears the user traffic that the network
exists to carry. It forwards the user traffic based upon
information learned by the control plane. In a
conventional network, all these three planes are
implemented in the firmware of routers and switches.

Software Defined Networking (SDN) is a new
paradigm that moves out the network switch’s control
plane from the switch and leaves only data plane inside
the switch [2]. Since the control plane is decoupled from
hardware and given to a logically centralized software
application called a controller, network devices become
simple packet forwarding devices that can be
programmed via open interfaces. The SDN’s concepts:
decoupled control logic and programmable networks
provide a range of benefits for the network
management process. They include centralized control,
simplified algorithms, commaoditizing network hardware,
eliminating middle-boxes and enabling the design and
deployment of third-party applications.

The promise of SDN has gained significant
attention from both academia and industry. The Open
Network Foundation (ONF) is an industrial driven
organization, founded in the year 2011 by a group of
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network operators, service providers, and vendors to
promote SDN and standardize the OpenFlow protocol
[3]. Deutsche Telekom, Facebook, Google, Microsoft,
Verizon and Yahoo are among the founders. Currently,
ONF has around 95 members including several major
vendors. The OpenFlow Network Research Center
(ONRC) was created by the academia with a focus on
SDN research [4]. Since the SDN field is growing very
fast, it is a very active research area. This review paper
discusses the state of art in SDN, with a historic
perspective of the field by describing the SDN
paradigm, architecture and deployments in detail.

II.  SDN History

The idea of programmable networks and
decoupled control logic has a story of vyears. The
history of SDN goes back to 1980s [5]. This section
provides an overview of four technologies which helped
SDN to evolve.

a) Central network control

In earlier days telephone networks were using
in-band signaling where the data (voice) and the control
signals are sent over the same channel. The resulting
networks were always complex and insecure. In 1980s,
AT&T separated data and control planes of their
telephone network and introduced the concept of
“Network Control Point” (NCP) [6]. The idea was to
separate voice and control, and the control resided on
NCP. NCP allowed operators to have a central network-
wide vantage point and directly observe the network-
wide behavior. Elimination of in-band signaling lead to
independent evolution of infrastructure, data, and
services where new services were able to be introduced
to customers easily. So NCP was the origin of the SDN’s
concept: separating control and data plane, and to have
centralized control over the network [5].

b) Programmability in networks

In the mid-1990s, DARPA research community
introduced “Active Networks” with the idea of a network
infrastructure  that would be programmable for
customized services [7]. There were two main
approaches: user programmable switches, with in-band
data transfer and out-of-band management channels
and capsules, which were program fragments that
carried in user messages. Program fragments would be
interpreted and executed by routers [8]. A Cambridge
project in the year 1998, Tempset developed
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programmable, virtualizable switches called switchlets
[9]. Switchware project of Penn, introduced a
programmable switch and a scripting language to
support switchlets [10]. Smart Packets, research by
BBN was focused on applying the active networks
framework to network management process [11]. The
Open Signaling project of Columbia, introduced
NetScript, a language to provide programmable
processing of packet streams [12] [13]. Pro- grammable
switches accelerated the innovation of middle- boxes
(firewalls and proxies) which are programmed to per-
form specific  functions. Providing programming
functions in networks and compose these functions
together were the legacy of active networks for SDN [5].

c) Network virtualization

Network virtualization is the representation of
one or more logical network topologies on top of the
same infrastructure. It separates the logical
infrastructure from underlying physical infrastructure.
There are many different instantiations such as Virtual
LANs (VLANSs), network testbeds and VMWare. In the
Switchlets, the control framework has been separated
from the switch and allowed virtualization of the switch
[9]. In the year 2006, VINI provided a Virtual Network
Infrastructure to support different experiments on
virtual topologies using a single infrastructure [14]. VINI
used the concept of separating control and data planes,
and its control plane was a software routing protocol
called XORP, which allowed to run routing protocols on
virtual network topologies. VINI's data plane “Click”
provided the appearance of the virtual network topolo-
gies to experimenters. In the year 2007, CABO, a
network infrastructure, separated the infrastructure and
services to allow service providers to operate
independently [15]. The concepts of separating services
from infrastructure, using multiple con- trollers to control
a single switch and exposing multiple logical switches
on top of a single physical switch were the legacy of
network virtualization for SDN [5].

d) Control of packet switched networks

With  the above evolution of network
technologies, the separation of control was needed for
rapid innovation of networks. Since the control logic is
tied to hardware, it was easier to modify the existing
control logics of the telephone network. Having a
separate control channel made it possible to have a
separate software controller and could easily introduce
new services to the telephone network. Software
controllers also allowed operators to have a centralized
network-wide vantage point and directly observe the
network-wide behavior of the telephone network. With
these motivations, packet switched networks also tried
to separate the control plane from the data plane. There
are four main ways that packet switched networks
achieved separation of control: separate control
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channel, in- band protocols, customizing the hardware
in the data plane and open Hardware [5].

The first approach of a separate control channel
for packet switched network came from the Internet
Engineering Task Force (IETF) with the protocol
‘FORCES” in the year 2003 [16]. The FORCES
redefined the network device’s internal architecture by
separating the control element (CE) from the forwarding
elements (FE). The CE executes control and signaling
functions and uses the ForCES protocol to instruct FEs
on how to forward packets. The FEs forwards packets
according to the instructions given by the CE. Each FE
has a Logical Function Block in its data plane which
enables the CE to control the FEs' configuration and
used to process packets. The communication between
FEs and CE are achieved by the FORCES protocol. The
protocol works based on a master- slave model; FEs
are slaves and CE is the master. Even though the
FORCES architecture separated the control plane from
the data plane, both the planes were kept in the same
network device and was represented as a single entity.
However, the FORCES required standardization,
adoption and deployment of new hardware.

The second approach was to use existing
protocols as control channels to send control messages
to FEs, and it was called in-band protocols. With the
Routing Control Platform (RCP) in the year 2004, each
autonomous system in the network had a controller in
the form of an RCP [17]. An RCP computed the routes
on behalf of routers and, it used existing routing
protocols to communicate routes to routers. The
limitation with this approach was, the control process
was constrained by what the existing protocols can
support.

Customizing the hardware in the data plane,
supported a wide range of applications in the control
plane. In the year 2007, Ethane presented a network
architecture for enterprise networks, which used a
centralized controller to manage policies and security in
a network [18]. Ethane directly enforced  a single,
network policy at an element called “Domain Controller.”
A Domain controller computes the flow table entries that
should be installed in each of the enterprise switches
based on access control policies defined at the Domain
Controller. OpenWrt, NetFPGA, and Linux built custom
switches to sup- port the Ethane protocol. However,
they required new hardware deployments that support
Ethane protocol.

The solution was the last approach, to use a
method that can operate on existing routing protocols,
and did not require customized hardware [19]. It is
called open hardware and in the year 2008, the
OpenFlow project started with this concept [20] [21].
OpenFlow took the capabilities of existing hardware and
opened those capabilities, such that standard control
protocols could control the behavior of that hardware.



e) OpenFlow

The OpenFlow network has been deployed in
academic campus networks initially [20] [21] and today
more than nine universities in the US have deployed
OpenFlow networks [22]. OpenFlow has gained
significant attention from both academia and industry as
a strategy to increase the functionality of the network,
but at the same time reducing costs and hardware
complexity. The OpenFlow architecture consists of three
modules: a Flow Table in each switch, a Secure
Channel that connects the switch to a remote control
process (called the controller) and the OpenFlow
Protocol [20] [21] as shown in Figure 1.

The forwarding device (OpenFlow enabled
switch/router) has one or more flow tables. A flow table
consists of flow entries, each of which determines how
packets belonging to a flow will be processed and
forwarded. Flow entries are stored according to their
priorities. A flow table entry consists of three main fields
[23] and shown in Figure 2.

e Match fields (information found in the packet
header): used to match incoming packets

e Counters: used to collect statistics for the particular
flow (number of received packets, number of bytes
and duration of the flow)

e "‘-, Controller
~~ OpenFlow - H 5
. Switch -~ H
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W | channel Protocol i

.................

Fig. 1: OpenFlow Architecture [20]

A set of instructions, or actions, to be applied
upon a maitch; they dictate how to handle matching
packets. The actions include dropping the packet,
continuing the matching process on the next flow table,
or for- ward the packet to the controller over the
OpenFlow channel.
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Fig. 2: OpenFlow Flow Table Entry [23]
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Fig. 3: High-level description of how an OpenFlow
switch processes a packet

An OpenFlow enabled switch/router has the
capability of forwarding packets according to the rules
defined in the flow table. Figure 3 shows a high-level
description of how an OpenFlow enabled switch/router
processes a packet. Internally, a switch uses Ternary
Content Addressable Memory (TCAM) and Random
Access Memory (RAM) to process each packet [24].
When a packet arrives at the OpenFlow enabled
switch/router, packet header fields are extracted and
matched against the matching fields of the first flow
table entries. If a matching entry is found, the switch
applies the appropriate set of instructions associated
with the matched flow entry. If a matching entry is not
found, depends on the instructions defined by the table-
miss flow entry, the switch will take action. To handle
table misses, every flow table must contain a table-miss
entry which specifies a set of actions to be performed
when no match is found for an incoming packet [23].
Figure 4 shows a low-level description of how an
OpenFlow switch processes a packet.

Packet Extracted
Ethernet 2 B
*‘ Parsing 9> header
Packet 5
System fields
\ 4
Open Flow Table Interaction Fochet
| Ex—, et | Parsing
Priority | Rule | Action System

Found a matched rule Mot found a matched rule

| Perform the action according to the rule I [ Send Packet to the controller I

Fig. 4. Low-level description of how an OpenFlow switch
processes a packet

The communication between the controller and
switch is achieved through the OpenFlow protocol [20]
[21]. It defines a set of messages that is exchanged
between the controller and a switch over a secure
channel. Using the OpenFlow protocol, a controller can
add, update, or delete flow entries from the switch flow
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tables reactively (in response to a packet arrival) or pro-
actively.

The OpenFlow specifications have different
versions [23] and the first version was the OpenFlow
version 0.2.0 released in March 2008. OpenFlow version
1.0, which is the most widely deployed version was
released in December 2009. A switch which supports
OpenFlow specification 1.0.0 uses 12 header fields in
the Ethernet header and payload of the Ethernet
packets are coming into the switch. The header fields
include: Ingress port, Ethernet source address, Ethernet
destination address, Ethernet destination address,
Ethernet type, VLAN priority QoS, IP source address, IP
destination address, IP protocol, IP type of service bits,
TCP/UDP source port and TCP/UDP destination port. A
packet is matched to a flow entry in the flow table by
using one or more header fields of the packet.

Controller

OpenFlow! Protocol

Secure Group

Table

Channel

Flow
Table

Flow
Table

OpenFlow Switch

Fig. 5: Main components of the OpenFlow 1.1.0 switch

In the OpenFlow 1.1.0 specification, instead of a
single flow table, a switch contains several flow tables
and a group table. Figure 5 shows the main
components of the OpenFlow

1.1.0 switch with multiple flow tables. Three
extra fields (Metadata, MPLS label and MPLS EXP traffic
class) have been added to the header fields with
OpenFlow 1.1.0. The metadata field acts as a register
which can be used to pass information between the
tables as the packet traverses through them. The Multi-
Protocol Label Switching (MPLS) fields are included to
support MPLS tagging. Since there are multiple flow
tables available in the switch, the processing of a packet
entering the switch is changed. The flow tables in the
switch are linked together using a process called
“pipeline processing.” When the packet first enters the
switch, it is sent to the first flow table to look for the flow
entry to be matched. If there is a match, the packet gets
processed there. If there is another flow table that the
particular flow entry points to, the packet is then sent to
that flow table. The process is repeated until a particular
flow entry does not point to any other flow table. The
flow entries in the flow tables can also point to the group
table. The group table is specially designed to perform
operations that are common across multiple flows. The
OpenFlow 1.1.0 also replaced actions with instructions.
In OpenFlow 1.0.0 an action could be to forward the
packet or to drop it, as well as processing it normally
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as it would be in a regular switch. Instructions are more
complex and they include modifying a packet, updating
an action set or updating the metadata.

The OpenFlow 1.2.0 specification was released
in De- cember 2011 and it included support to IPv6
addressing. Matching could be done using the IPv6
source and destination addresses. With OpenFlow 1.2.0
specifications, a switch could be connected to multiple
controllers  concurrently.  The  switch  maintains
connections with all the controllers. Controllers can
communicate with each other. Having multiple
controllers facilitated load balancing and faster recovery
during a failure. The OpenFlow 1.3.0 specification was
released in June 2012. It included features to (1) control
the rate of packets through per flow meters, (2) have
auxiliary connections between the switch and the
controller and (3) add cookies to the packets sent from
the switch to the controller. Table | shows a
summarization of OpenFlow specifications.

Table I: Comparison of OpenFlow Specifications

Specification 1.0.0| 1.1.0 1.2.0 1.3.0
Widely deployed Yes | No No No
Flow tables One | Multiple | Multiple | Multiple
Group tables No Yes Yes Yes
MPLS matching No Yes Yes Yes
Group tables No Yes Yes Yes
IPV6 Support No No Yes Yes
Simultaneous No No Yes Yes
communication

[11. SDN ARCHITECTURE

In SDN, the control plane is decoupled from the
hard- ware data plane and given to a software
application called a controller. The controller is the core
of an SDN network and it lies between network devices
and applications [25] [26]. This section gives a brief
introduction to the SDN architecture. SDN architecture is
shown in figure 6 and it includes: SDN Controllers,
Southbound Interfaces, and Northbound Interfaces [25].

ddy
ddy
ddy
ddy

Northbound API
SDN Controller Platform
_ Southbound API
Swi‘t.ch Swi-tch
= T

vSwitch vSwitch

Fig. 6: SDN Architecture

a) SDN controller
The controller is as an operating system for the
network that provides a uniform and centralized view



point to the network (network operating system) [27].
While a computer operating system provides read and
write access to various resources, a network operating
system provides the ability to observe and control a
network. The network operating system which is referred
to as the controller here after, does not manage the
network, but it provides a programmatic interface which
can be used to implement applications to perform
the actual management tasks. SDN controllers presents
two possible behaviors: reactive and proactive [28].

When the controller behaves reactively, it listens
to switches passively and configures routes on-demand.
The first packet of each new flow, received by a switch
(flow request) triggers the controller to insert flow entries
in each switch of the network [28]. Every new flow
introduces a small delay because of the additional set-
up time. Also with the hard dependency of the controller,
if a switch losses the connection to the controller, the
switch will not be able to forward packets of new flows.
When the controller behaves pro-actively, it pre-
populates a flow table for each switch. So it has zero
additional flow set-up time because the forwarding rules
are already defined [28]. With this approach, if the
switch loss the connection with the controller, it will not
disrupt traffic. However, the proactive approach requires
the controller to know the traffic flows in advanced to
configure the paths before it is used. Current controllers
are implemented to facilitates both approaches. The
Controller behaves reactively in the initial state of the
network and, after getting to know the network it starts to
behave pro-actively.

b) Southbound Interfaces

The southbound interfaces allow switches to
communicate with the controller. The OpenFlow
protocol is the most popular implementation of the
southbound interface. OpenFlow 1.3.0 and above
provide optional support for encrypted Transport Layer
Security  (TLS) communication and a certificate
exchange between the switches and the controller for
secure communication [23]. The OpenFlow protocol
consists of three types of messages.

1) Controller-to-switch  messages: Sent by the
controller: The Features messages are used to
request information on switch capabilities, while
configuration messages are used to set or query
configuration parameters. Evermore, modify state
messages are used to specify, modify or delete flow
definitions. The Read state messages are used to
retrieve information like counters from the switch
and the Role request messages are used to set or
query the state of the OpenFlow channel when the
switch is connected to multiple controllers. Finally,
the Packet out messages are used to send a packet
back to a switch for processing after a new flow is
created.

2) Asynchronous messages: Sent by the switch: The
Packet-in  messages are used to inform the
controller about  a packet that does not match an
existing flow. The Flow Removed messages are
used to inform the controller that a flow has been
removed because of its time to live parameter or
inactivity timer has expired. Finally, the Port status
messages are used to inform the controller of a
change in port status or that an error has occurred
on the switch.

3) Symmetric messages: Sent by both the switch or
the con- troller: The Hello messages exchanged
between the controller and switch on startup, and
the Echo messages are used to determine the
latency of the controller-to-switch connection and to
verify that the controller-to-switch connection is still
operative. The Error messages are used to notify the
other side of the connection of problems. Finally,
the Experimenter messages are used to provide a
path for future extensions to OpenFlow technology.

The Border Gateway Protocol (BGP), a well-
known core Internet routing protocol is used by Juniper
Network’s in their SDNs [29]. The controller uses BGP
as a control plane protocol and leverage NETCONF (an
IETF network management protocol) as a management
plane protocol to interact with physical routers, switches
and networking services like firewalls. This approach
enables SDN to exist in a multi vendor environment
without requiring infrastructure upgrades. OpenFlow
does not address the issue of the controller inter-
operability and requires physical changes to the
network, so Juniper is introducing BGP to be the
standard of the SDN. Extensible Messaging and
Presence Protocol (XMPP) which was originally
developed for instant messaging and online presence
detection is also emerging as an alternative SDN
protocol [30]. XMPP can be used by the controller to
distribute control plane information to the server
endpoints because XMPP manages information at all
levels of abstraction down to the flow, not only to
network devices.

c) Northbound APls

The southbound interfaces allowed controller -
switches communication and provided basic operations
to access the network system. But they could not
retrieve complex information from the switches and
therefore programming the network to perform high-level
tasks (load balancing, implementing security policies)
was difficult. Also, it was difficult to perform multiple
independent tasks (routing, access control) concurrently
using the south bound interfaces. So the northbound
interface, a programming interface that allows
applications to program the network with higher level
abstraction [25] [26] was introduced. Developers can
use the northbound interface to extract information
about the underlying network and to implement complex
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applications such as path computation, loop avoidance,
routing, and security. Additionally, northbound interface
can be used by controllers to communicate with each
other to share resources and synchronize policies. The
North- bound interface offers vendor in-dependability
and ability to modify or customize control through
popular programming languages. Unlike southbound
interfaces, there is no currently accepted standard for
northbound interfaces and they are more likely to be
implemented  depending on the  application
requirements.

IV.  SDN DEVELOPMENT TOOLS AND
FRAMEWORKS

The concept of decoupling control plane from
the data plane allows SDN to facilitate network evolution
and innovation by introducing new services and
protocols easily. This section gives an overview of
currently available tools and environments for
developing services and protocols with SDN.

a) SDN controller platforms

Many controller implementations are available
for SDNs and a suitable controller can be selected by
considering the  programming language and
performances of the controller [31] [32] [33]. The
popular controller platforms include ovs [23], NOX [27],

POX [34], Beacon [31], Maestro [35], Trema [36] Ryu
[37] and Floodlight [38]. Table Il shows a comparison of
the SDN controller platforms according to their general
details and Figure 7 (taken from [31]) shows a
comparison of the performances of SDN controller

platforms.
The current standard for evaluating SDN
controller performance is Chbench. The Cbench

simulates OpenFlow switches and operates in either
throughput or latency mode. In through- put mode, each
of 64 emulated switches constantly sends as many
Packet In messages as possible to the controller,
ensuring that the controller always has messages to
process. Evaluation tests have been run on Amazon’s
Elastic Computer Cloud using a Cluster Compute Eight
Extra Large instance, containing 16 physical cores from
2 x Intel Xeon E5-2670 processors, 60.5GB of RAM,
using a 64-bit Ubuntu 11.10 VM image. Figure 7 shows
Cbench throughput mode results using controllers with
a single thread. Beacon shows the highest throughput
at 1.35 million responses per second, followed by
NOX with 828,000, Maestro with 420,000, Beacon
Queue with 206,000, Floodlight with 135,000, and
Beacon Immediate with 118,000. Both Python-based
controllers run significantly slower, POX serving 35,000
responses per second and Ryu with 20,000.

Table II: General comparison of SDN controller platforms

. Original Can Currently
Name | Language License authors Extend active Notes
Ovs C Olri)ce:n'zgw Stanford/ Nicira|  No No A reference controller, act as a learning switch
NOX C++ GPL Nicira Yes Yes Event-based
POX Python GPL Nicira Yes Yes Event-based
Web Interface, Regression test framework, Event
Beacon Java GPL Stanford Yes Yes based and Multi-thread based
Maestro Java LGPL Rice Yes No Multi-thread based
Trema Ruby, C GPL NEC Yes No Emulator and Regression test framework
Floodlight Java Apache Big switch Yes Yes REST APIs, Supports multi-tenant clouds
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b) SDN software switch platforms

With SDN, the switch architecture has become
very simple, because it is left only with the data plane. It
has reduced functions of switches and introduced
concepts of software switch implementation and switch
virtualization. The result was rapid innovations in
software switch platforms. The software switch platforms
can be used to replace the firmware of physical
switches that do not support SDN. The popular software
switch  platforms include Open vSwitch [23],
Pantou/OpenWRT [39] and ofsoftswitch13 [40]. Table I
shows a comparison of the SDN software switch
platforms.

c) Native SDN switches

As explained at the beginning of the paper, the
promise of SDN has gained significant attention from
many network de- vices vendors. One clear evidence of
industry strong commitment to SDN is the availability of
OpenFlow enabled commodity network hardware.
Hewlett-Packard, Brocade, IBM, NEC, Pronto, Juniper,
and Pica8 have introduced many OpenFlow enabled
switch models. Table IV shows a partial list of native
SDN switches.

d) SDN languages

SDN programming languages are used for
higher level abstraction of programming for network
management. They consist of high-level abstractions for
querying network state, defining forwarding policies and
updating policies in a consistent way [41]. SDN
languages is an area of very active research and several
languages have been proposed and are still under
development. Table V shows a classification of different
SDN languages.

The FatTire [42] allows programmers to
declaratively specify sets of legal paths through the
network and fault tolerance requirements for those
paths. The FatTire compiler takes programs specified
regarding paths and translates them to OpenFlow
switch configurations. Since the backup paths are
configured with those programs, responding to link

failures can be done automatically without controller
intervention.

The Nettle [43] was originally designed for
programming OpenFlow networks. Using the discrete
nature of Functional Reactive Programming, Nettle can
capture control messages to and from OpenFlow
switches as streams of Nettle events. The Nettle model
messages from switches with a data type
SwitchMessage and commands to switches with a data
type SwitchCommand. A Nettle program is a signal
function (SF) having an input carrying switch messages
from all switches in the network and output carrying
switch commands to any switches in the network, SF
(Event SwitchMessage) (Event SwitchCommand).

The Flow-based Management Language (FML)
[44] comes with high-level built-in policy operators that
allow or deny certain flows flowing through a firewall or
provide quality  of service. If network forwarding policy
falls into the space of policies that can be described by
an FML program, the code for implementing the policy
is easy. But adding new policy operators to the system
requires coding outside the FML language. Moreover, a
resulting policy decision applies equally to all packets
within the same flow and it is not possible to move or
redirect a flow as it is processed. So, even though FML
provides network operators with a very useful set of SDN
abstractions, the programming model, is inflexible.

The Procera [45] is an extension to Nettle,
which has been designed to incorporate events that
originated from sources other than OpenFlow switches.
It supports policies that react to conditions such as user
authentications, time of day, bandwidth use and server
load. Procera is expressive and extensible, so users can
easily extend the language by adding new constructs.
The input to the main Procera signal function is a world
signal whose instantaneous values have the abstract
World type. The output of a Procera program is a signal
carrying flow constraint functions. A flow constraint
function determines the constraints that are applied to a
flow: allow or deny.

Table Ill: General comparison of software switch platforms

Software switch ~ Language OpenFlow
Version Notes

OpenVSwitch C, Python V1.0 Implements a switch platform in a virtualized server environment. Supports standard
Ethernet switching with VLANs and access control lists. Provides interfaces for
managing configuration state and a method to remotely manipulate the forwarding
path.

Pantou/ C V1.0 Turns a commercial wireless router/access point to an OpenFlow enabled switch.

OpenWRT OpenFlow is implemented as an application on top of OpenWRT. Pantou is based on
the BackFire OpenWRT release and the OpenFlow module is based on the Stanford
reference implementation.

ofsoftswitch13 C, C++ V13 A user space software switch implementation. The code is based on the Ericsson’s

Traffic Lab 1.1 soft switch implementation.
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Table |V: Native SDN switches

Switch Company Series

Cisco Cisco cat6k, catalyst 3750,6500 series

Juniper Juniper MX-240,T-640

HP HP pro-curve 5400z1,8200z1,6200z1,3500z1,6600
NEC NEC IP8800

Pronto Pronto 3240, 3290

Dell Dell Z9000 and S4810

Toroki Toroki Light switch 4810

Ciena Ciena Core-director running firmware version 6.1.1
Quanta Quanta LB4G

The Frenetic language is embedded in Python
and comprises two integrated sub-languages: a
declarative network query language and a network
policy management library. The results of such queries
may be used for security monitoring and for decisions
about the forwarding policy.

The Flog [46] combines features of both FML
and in Frenetic. From FML, Flog uses logic
programming as the central paradigm for controlling
SDNs. Logic programming fits the SDN domain
because SDN programming is table driven collection
and processing of network statistics. From Frenetic,
Flog uses the concept that controller programs may be
factored into three key components: a mechanism for
querying network state, a mechanism for processing
data learned from queries and a component for
generating packet forwarding policies. Flog is designed
as an event-driven and forward chaining logic
programming language. Each time a networking event
occurs, the logic program executes. It can have two
effects: generates a packet forwarding policy that is
compiled and deployed on switches and generates a
state that is used to help the logic program to be
executed when the next network event  is processed.

The Pyretic system [47] enables programmers
to specify network policies, compose them together and
execute them on abstract network topologies. The
Pyretic’'s  static policy lan-network), and policy
combinators, which are used to mix primitive actions,
predicates, and queries together to craft so- phisticated
policies from simple components. The policies can be
composed together in two ways: parallel and sequential.
In parallel composition, multiple policies operate
concurrently on separate copies of the same packets. In
sequential composition, one module operates on the
packets produced by another.

e) SDN debugging tools
The emergence of SDN enables adding new
network functionalities easily, at the risk of programming
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errors. Even though the centralized programming model
has reduced the likelihood of bugs, the ultimate
success of SDN depends on having effective ways to
test applications in pursuit of avoiding bugs. There are
many SDN debugging tools have been developed and
they can be divided into four categories based on the
layers they are working with. Table VI shows a
classification of different debugging tools according to
the layers they are working with.

The NICE [48] is an automated testing tool that
can be used to identify bugs in OpenFlow programs
though model checking and symbolic execution. It
automatically generates streams of packets under
possible events and tests unmodified controller
programs. The programmer must supply the controller
program and the specification of a topology with
switches and hosts, to use with NICE. NICE can be
instructed by the programmer to check for generic
correctness properties (no forwarding loops or no black
holes), and optionally application-specific correctness
properties. NICE is developed to explores the space of
possible system behaviors systematically and checks
them against the desired correctness properties. As the
output, NICE reports property violations with the traces
to deterministically reproduce them.

Anteater [49] is the first design and
implementation of a data plane analysis system which
can be used to find bugs in real networks. The system
detects problems by analysing the contents of
forwarding tables in routers, switches, firewalls and
other networking equipment. It checks network
invariants



Table V: General comparison of SDN Languages

Language Supports Type Based on Used for
FatTire Only OpenFlow Regular expressions Fault tolerant programming
Nettle Only OpenFlow Functional Functional Reactive Program-  Load balancing programming
ming
FML Only OpenFlow Logical datalog Policy implementation programming
Procera Any type of hard-  Functional Functional Reactive Program- General programming
ware ming
Flog Any type of hard-  Logical datalog General programming
ware
Frenetic Any type of hard-  Logical Query language General programming
ware
Pyretic Any type of hard-  Logical Query language General programming

ware

Table VI: Classification of SDN debugging tools
according to the layers they are working with

Layer Tools

Application layer NICE

Data Plane Anteater

Control Plane ndb, OFrewind

A new layer between Data Plane and Control Plane VeriFlow

(connectivity or consistency) that exist in the data plane.
Violations of these invariants are considered as a bug in
the network. Anteater translates the detected high-level
network invariants into instances of boolean satisfiability
problems (SAT). Then checks them against network
state using an SAT solver. And finally, if violations have
been found, it reports counter examples.

The ndb [50] is a prototype network debugger
inspired by gdb (a popular debugger for software
programs). It implements two primitives useful for
debugging a SDN control plane: breakpoints and
packet back-traces. A packet back-trace in ndb allows
the user to define a packet breakpoint (an un-forwarded
packet or a packet filter). Then it shows the sequence of
for- warding actions seen by that packet leading to the
breakpoint.

OFRewind [51] allows SDN control plane traffic
to be recorded at different granularities. Later they can
be replayed to reproduce a specific scenario, giving the
opportunity to localize and troubleshoot the events that
caused the network anomaly. It records flow table state
via a proxy and logs packet traces and aids debugging
via scenario re-creation. The VeriFlow [52] is a SDN
debugging tool which finds faulty rules issued by SDN
applications and prevents them from reaching the
network and causing anomalous network behavior.

VeriFlow operates as a layer between the controller and
the devices, and checks the validity of invariants as
each rule is inserted. To ensure a real-time response,
VeriFlow introduces new algorithms to search for
potential violation of key network invariants: availability
of a path to the destination, absence of routing loops,
access control policies or isolation between virtual
networks.

Other than the SDN debugging tools which
were described earlier, there are two SDN
troubleshooting simulators: STS (SDN Troubleshooting
Simulator) [53] and OpenSketch [54]. STS [53] is a SDN
troubleshooting simulator which is written in python and
depends on POX controller [34]. It simulates the devices
of the network to allow operators to easily generate test
cases, examine the state of the network interactively and
find the exact inputs that are responsible for triggering a
given ment architecture, which separates the
measurement data plane from the control plane. In the
data plane, OpenSketch provides a simple three-stage
pipeline (hashing, filtering, and counting). They can be
implemented with commodity switch components and
support many measurement tasks. In the control plane,
OpenSketch provides a measurement library that
automatically configures the pipeline and allocates
resources for different measurement tasks.

) SDN emulation and simulation tools

The Mininet [55], the Emulab and the ns-3 [56]
are popular emulation and simulation Tools used with
SDN. Mininet [55] is an emulation environment which
creates a complete network of hosts, links, and switches
on a single machine. It creates virtual networks using
process-based virtualization and network namespaces
(features available in Linux kernels). In Mininet, hosts are
emulated as bash processes running in a network
namespace. So any code that would run on a Linux
server can be run within a Mininet “Host”. The Mininet
“Host” has its private network interface and can only see
its own processes. Switches in Mininet are software-
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based OpenFlow switches. Links are virtual ethernet
pairs, which resides in the Linux kernel and connect
emulated switches to emulated hosts. Mininet is useful
for SDN interactive development, testing, and
demonstrations. SDN prototypes in Mininet can be
transferred to hardware with minimal changes for real-
time execution.

The Emulab [57] is a network emulation testbed
which includes a network facility and a software system.
Emulab is widely used by computer science researchers
in the fields of networking and distributed systems and it
support OpenFlow. So currently it is used also used for
SDN research works. The primary Emulab installation is
run by the Flux Group, part of the School of Computing
at the University of Utah. The ns-3 [56] is a discrete
event network simulator for internet systems. It is based
on C++ and Python and widely used for research and
educational use. Since ns-3 provides support for
OpenFlow, it can be used to emulate SDNSs.

g) SDN virtualization tools

The OpenFlow has opened the control of a
network for innovation, but only one network
administrator can do experiments on the network at a
time. If there is a way to divide, slice or replicate network
resources, more than one network administrator can use
them in parallel to do experiments. Actions in one slice
or replication should not negatively affect other, even if
they share the same underlying physical hardware. SDN
Virtualization concepts have been introduced to achieve
these goals.

The FlowVisor [58] is a special purpose
OpenFlow controller that allows multiple researchers to
run experiments independently on the same production
OpenFlow network. It uses a new approach to switch
virtualization, in which the same hardware forwarding
plane is shared among multiple logical networks, each
with distinct forwarding logic. FlowVisor acts as a middle
layer between the underlying physical hardware and the
software that controls it. It is implemented as an
OpenFlow proxy that intercepts messages between
OpenFlow switches and OpenFlow controllers. The
AutoSlice [59] devel- ops a transparent virtualization
layer (SDN hypervisor) which automates the deployment
and operation of vSDN topologies. In contrast to
FlowVisor, AutoSlice focuses on the scalability aspects
of the hypervisor design. AutoSlice monitors flow level
traffic statistics to optimize the resource utilization and to
mitigate flow-table limitations. With the distributed
hypervisor architecture, Autoslice can handle large
numbers of flow table control messages from multiple
tenants.

In a virtual machine environment, moving
applications from one location to another without a
disruption in service is called Live virtual machine (VM)
migration. SDN applications can reside and rely on
multiple VMs. So migrating individual SDN VMs, one by
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one, may disrupt the SDN applications. So the LIME
[60] design migrate an ensemble: the VMs, the
network, and the management system to a different set
of physical resources at the same time. LIME uses the
SDN concept of separation between the controller and
the data plane state in the switches. LIME clones the
data plane state to a new set of switches, transparent to
the application running on the controller. And then
incrementally migrates the traffic sources.

The RouteFlow [61] provides virtualized IP
routing over OpenFlow capable hardware. It is
composed with a OpenFlow Controller application, a
server, and a virtual network environ- ment. The virtual
network environment rebuild the connectivity of the
physical infrastructure and runs IP routing engines. The
routing engines generate the forwarding information
base (FIB) according to the routing protocols
configured. An ex- tension of RouteFlow [62], discusses
incorporating RCPs [17] in the context of OpenFlow and
SDN. It proposes a controller centric networking model
with a prototype implementation of an autonomous
system-wide abstract BGP routing service.

V. FINAL REMARKS

SDNs have emerged in the last decade as a
very  active research domain, gaining significant
attention from both academia and industry. This survey
discussed the state of art in SDN, with a historic
perspective of the field by describing the SDN
paradigm, architecture and deployments in detail.

We first introduced the concepts and definitions
that enable a clear understanding of SDNs. The idea of
programmable networks and decoupled control logic
has been around for many years and the history of SDN
goes back to the early 1980s. Central network control,
programmability in networks, network virtualization and
control of packet switched networks were the four main
supporting technologies which helped SDN to evolve.
The survey was extended by exploring the OpenFlow
project and the standardized SDN architecture.
Standard SDN three tier architecture includes: SDN
controller, southbound APIs and northbound APIs. For a
broader scope, the pa- per detailed the tools and
frameworks associated with SDN development in the
categories of SDN controller platforms, SDN software
switch platforms, native SDN switches, SDN languages,
SDN debugging tools, SDN emulation/simulation tools
and SDN virtualization tools.
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A Review of Mobile Application Development in
the Agile Software Development Environment

Neyole Misiko Jacob

Absiract- With the ever changing dynamic environment in
mobile devices, mobile software applications need to cope
with some particular performance environment that include the
limited resources, high autonomy requirements and market
regulations among other constraints [1]. To provide a software
development process that responds to these challenges,
adoption of Agile methodology that follows an iterative
approach to build software rapidly where the entire software
development lifecycle is brok en down into smaller iterations
helps to minimize overall risks. This allows software projects
developed though agile methodologies to be easily modified
rapidly to meet the users/customers’ requirements. This paper
assesses the development of mobile applications in the agile
software development environment.

Index Terms: agile development environment, mobile
applications, mobile-D.

[ INTRODUCTION

ccording to Sommerville [2], software processes
are categorized as either plan-driven or agile

processes. Plan- driven processes involves all
process activities being planned in advance and
progress is measured against the devised plan. Agile
processes on the other hand, involves planning that is
incremental and is much easier to change the process
to reflect changing customer requirements. A mix of
both processes in SE is important as each comes with
its values necessary for product development. As
Boehm and Turner [3] discuss, each approach is
suitable for different types of software. Generally, SE
need to find a balance between plan-driven and agile
processes [2]. Spataru [4] established that agile
methods are good approaches towards mobile
application development coined together with end-user
inclusion in the lifecycle, performance testing of
components and adoption of software product line
principles.

[I. THE CONCEPT AGILE SOFTWARE
DEVELOPMENT

Corrall et.al [1] stated that mobile software
development and applications need to cope with a
particular execution environment that have limited
resources, high autonomy requirements, market
regulations, and many other constraints. There is need
for developers to therefore to employ the agile

Author: Jomo Kenyatta University of Agriculture and Technology.
e-mail: Jneyole434@gmail.com

development which is an umbrella term for several
iterative and incremental software development
methodologies [5]. According to Sriram and Saji [6] a
development methodology has a direct relationship with
managing project complexity. It accompanies and has
implications for usability, maintainability, adaptability,
reliability and portability of the software being
developed.

In the late 1990’s, agile methodologies became
dominant to address some shortcomings of traditional
methodologies like heavy documentation, lack of
productivity, reliability and simplicity [7]. Agile alliance, in
response to more process driven traditional
methodologies, stresses upon people, communication
and customer priorities [8]. Also, different agile
methodologies has exhibited flexibility to working within
constraints,  without demanding major  upfront
investments, while being adaptable to changing market
conditions [9].

The fundamentals of agile methodology namely
the incremental and iterative development methods
required the researchers to work on the principle of
separating design, implementation and testing [10]. To
date the most popular agile methodologies include
Extreme Programming (XP), Scrum, Crystal, Dynamic
Systems  Development Method (DSDM), Lean
Development, and Feature-Driven Development (FDD)
[5] have been employed in software development giving
software products that are versatile and more robust to
the market. Sriram and Saji [6] cited a document by
Nerur & Balijepally [11] on the main characteristics of
agile development methodologies stating that the main
characteristics of agile development methodologies
include more autonomy, decision-making discretion and
adaptive understanding, have a theoretical background,
which is consistent with problem framing, problem
solving approaches in architecture and
strategic management. This main characteristics
indicate that agile methodologies provide the designers
with greater opportunities to develop software products
that reliable.

I1I. PLAN-DRIVEN AND AGILE DEVELOPMENT

Software processes can be categorized as
either plan - driven or agile processes. According to [2],
Plan -driven are processes where all of the process
activities are planned in advance and progress is
measured against this plan. In comparison to agile

© 2019 Global Journals

Global Journal of Computer Science and chhlu)log)' (C) Volume XIX Issue I Version I E Year 2019



Global Journal of Computer Science and chhnolog) (C) Volume XIX Issue I Version I E Year 2 019

processes, Sommerville [2] indicates that in agile
planning is incremental and it is easier to change the
process to reflect changing customer requirements.
Each approach is therefore suitable for different types of
software. Good practice as discussed by Boehm and
Turner [3] is that there is need to find a balance between
plan-driven and agile processes.

Software processes are complex and, like all
intellectual and creative processes, rely on people
making decisions and judgments [2]. In line with this,
software processes can be improved by process
standardization where the diversity in software
processes across an organization is reduced. Through
this, there is improved communication and a reduction
in training time, and makes automated process support
more economical. Standardization is important first step
in introducing new software engineering methods and
techniques and good software engineering practice.

According to Mudasir Kirmani [12], agile
methodology follow an iterative approach to build
software rapidly where the entire software development
lifecycle is broken down into smaller iterations. The
iterations helps to minimize overall risks allowing a
software development project be easily modified on the
upfront and strictly maintaining the project schedule and
budget. | all this the software product is delivered on
time and according to the budget that it was initially
proposed on.

Inspite of the agile methodology being iterative,
the methodology has some limitations [6]. Such as
dependence on run-time tacit knowledge rather than
more documented information, lack of traceable and
proved implementation guidelines for mission critical
projects, lack of adequate support for repetitive and
large scale projects and team requirement of highly
talented, self- motivated individuals with a high degree
of implementation freedom [7].The resulting software
product/ project developed using agile methodologies
are dependent mainly on organizational factors like
customer commitment, decision time, team location and
composition, corporate culture and people factors like
competency and self-motivation [13].

According to Andrei C. Spataru [4] the main
argument against agile methods is the asserted lack of
scientific  validation for associated activities and
practices, as well as the difficulty of integrating plan -
based practices with agile ones. In order to address
various concerns, several methodologies within the agile
category have evolved Abrahamsson et al. [14]
identifies ten of them as truly agile. They include: -
SCRUM, PP, ASP, FDD, XP, DSDM, Crystal, AM and
ASD. For mobile software development, agile methods
represent a relatively new approach to software
development [4].

© 2019 Global Journals

IV.  AGILE PROJECT MANAGEMENT

According to Beck et al. [8] Agile alliance, in
response to more process driven traditional
methodologies, stresses upon people, communication
and customer priorities. Rajagopalan and Mathew [6]
indicated that agile software development methodology
has a direct relationship with managing project
complexity. According to Martin et al. the customer
plays a very important role in agile projects with key
responsibilities to drive the project, interact constantly
with business users and provide requirements and
participate in retrospection to test the intermediate
deliverable and its compliance [15]. However, at times
the customer may fail to keep these practices or be
consistent due to the dynamic nature of development
projects.

In solving this, the customer’s role is essentially
not played by a single person but there are pseudo
roles assumed by different people to drive the project
effective conclusion. Known by role labels such as the
technical liaison, negotiator, and customer coach, skill
specialists for designer, tester and quality facilitator [6].
Chow et al. [16] Identified factors that can serve to
guide in the selection of agile methodologies for
projects in organizations with specific characteristics.
Project success or failure in agile methodologies are
guided by six key dimensions of agile methodologies
with specific attributes to guide selection of a specific
methodology. They include: - delivery strategies,
software engineering techniques, team capability,
project management process, team environment and
customer involvement [6].

V. AGILE METHODS IN MOBILE SOFTWARE
DEVELOPMENT

According to Spataru [4] mobile applications
market is currently undergoing rapid expansion. He
further asserts that mobile platforms continue to improve
in performance as the users’ need for a wide variety of
mobile applications increases. Software development
for mobile platforms comes with unique features and
constraints. The development environment and the
technologies that support the software are different
compared to “traditional” settings. Abrahamsson et al
[17] identified important distinguishing characteristics to
be a high level of competitiveness, necessarily short
time-to-delivery and added difficulty in identifying
stakeholders and their requirements.

Due to substantial differences in the
environment and in platform specifications, mobile
application  development  requires a  suitable

development methodology. Usually the mobile software
released in an uncertain and dynamic environment with
high levels of competition. Development teams face the
challenge of a dynamic environment, with frequent



modifications in customer needs and expectations.
Abrahamsson [18] states Technological constraints
apply to mobile platforms in the form of limited physical
resources and rapidly changing specifications. There is
need to focus on agile methods and their suitability for
mobile application development. Agile methods for
mobile  software  development emphasize the
adaptability of enterprises to a dynamic environment
[19]. The unique features of agile methods derive from
the list of principles found in the Agile Manifesto [20].

Smart mobile devices like cellphones and
tablets are a key target for software products and
services [1]. Consequently, software applications for the
smart devices is receiving greater attention by
companies’ individuals and business enterprises
globally. Along with the features and computing power
offered by these mobile equipment, mobile software
applications (apps) bear the big challenge of performing
satisfactorily in a heterogeneous and resource- limited
environment [12] that demands high availability, efficient
performance and short response time while delivering
value to the end user.

In the mobile ecosystem mobile software
development rapidly requires updates and
developments to meet the diverse customer
requirements against a universe of constraints that exist
on mobile environments namely evolving and inherent.
The evolving constraints include current limitations that
will be solved in the future by the evolution in
technology, resources, bandwidth and coverage.
Inherent constraints on the other hand are those intrinsic
to mobile platforms, since they are part of the
operational condition of the system and will not be
solved in the near future [1]. These constraints should
be taken into account by developers to determine the
practices to relieve them as means of non-functional
requirements.

Wasserman [21], indicated that mobile
applications development are similar to software
engineering for other embedded applications. However,
the mobile applications development present s ome
additional requirements that are less commonly found if
compared to traditional software applications [12].
Boehm and Turner [22] identify fundamental concepts
to agile development such as: simple design principles,
a large number of releases in a short time frame,
extensive use of refactoring, pair programming, test -
driven development, and seeing change as an
advantage. Abrahamsson, et al. [23] mention that an
agile development method is incremental, cooperative,
straightforward and adaptive.

Along the agile methodology, a new
development methodology specifically tailored for
mobile application development, called Mobile-D, is
presented [17]. The method is based on agile practices,
drawing elements from well- established agile methods
such as Extreme Pro gramming and Crystal

Methodologies and also from the heavier Rational
Unified Process [24]. The Rational Unified Process is
explained from a practical point of view in [25]. Practices
associated to Mobile-D include test-driven development,
pair programming, continuous integration, refactoring,
as well as software process improvement tasks. The
methodology serves as a basis for this work, and will be
further detailed in the following section [26].

The Mobile-D process should be used by a
team of at most ten co-located developers, working
towards a product delivery within ten weeks. The Mobile-
D methodology of the agile method comprises five
phases: Explore, Initialize, Productionize, Stabilize, and
System Test & Fix. Each of these phases has a number
of associated stages, tasks and practices. The complete
specifications of the method are available in [27].

One issue with the mobile-D method is that the
well-known practices adopted by the Mobile-D process
do not account for the performance of components
under development, either at design time or during
coding [4]. To address the issue integration of
performance testing activities in the lifecycle, more
specifically extending the Test-Driven Development
practice with performance aspects is mentioned.

VI. CONCLUSIONS

The importance of projection completion JIT
cannot be over emphasized, with the use of the agile
methodology in  mobile software development, it
introduces end -user feedback support, application
categories and software product lines principles. The
Mobile-D presents more of the ideal characteristics.
Since the methodology was improved in aspects such
as the inclusion of performance testing in the lifecycle.
The ever dynamic changing environment of the mobile
devices, software developers for mobile applications
must be up to the task to develop software apps that
meet this limitations and still satisfy the user needs. The
different agile methodologies have demonstrated
flexibility to working within  constraints,  without
demanding major upfront investments, while being
adaptable to changing market conditions [9].
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Protein and Other Biomedical Entity Name

Md. Arif Rizvee *, Md. Ashfakur Rahman Arju® & Saifuddin Mohammad Tareque®

Abstract- Protein and other biomedical entities such as a gene,
chromosome names are key elements in bioinformatics.
Identifying them individually from the pdf file is very
challenging. Because a text pdf document can contain lots of
information, identifying them is not so much easy task. So the
main focus in our project is converting the pdf file to human-
readable text file then we will have to find the gene and other
entities from the GENIA tagger website database. Using
natural language processing GENIA tagger will give us the
name of all the protein, gene, and other biomedical entity
name. After identifying them, we will save it to database. Then
we will visualize the related data.

Keywords: tagging protein, gene, and other biomedical
entities, natural language processing, GENIA tagger,
Oata visualization.

l. [NTRODUCTION

Drotein and other biomedical entity name are used
in various biomedical and other bioinformatics-

related research. So we will have to work hard to
identifying the entities. In text- based literature protein
and other biomedical name are tagged with other text.
Identifying such entities from text file is very difficult. So
we will have to use any scientific approach to solve the
problem. Natural language processing is a system
which can be used to solve the problem. Using natural
language processing we will extract the required info
from a text file. We use ‘GENIA tagger’ database to
extract the information from the pdf file and get our
required biomedical name. Then we will use these
names to make a relation between them and visualized
them.

I1. RELATED WORK

Many researches are introduced in the field of
biomedical and bioinformatics by using data extraction
technique. All the work is currently done by text reading
system. It is not possible to get the accurate data from
manually text extraction technique. As a result protein
and other

Biomedical entities are not possible to find out
correctly. So it is huge drawback of these types of a
research field. In the research we have tried to find out
the protein, and gene name which is about 70%-80%
correct.

Author a o p: e-mails: arif25-627@diu.edu.bd,
Muhammad25-631@diu.edu.bd, saifuddin25-630@diu.edu.bd

[1I.  OuR PrROPOSED WORK

In the research we try to identify the tagging
problem and find a solution related to this type of work.
Our work will follow the below procedure.

N
[ Processing a Text File "
J
Matching Data in GENIA Tagger
Find the Entity No
Name
Yes

Save in Database and Visualize
Related Entity

End Process

Fig. 1: Tagging & Visualize Protein and Other Biomedical
Entity Name

V. CONVERSION OF PDF FiLes TO TEXT FILE

Pdf to text file conversion is looks complex task,
but we can convert it easily with the use of the algorithm
and other tools.

S — File Edt Format View Help
This is line one
This is line two
This is line three
This is line four

Fig. 2: Conversion of Pdf to Text File
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V. TEXT-BASED APPROACH USING NATURAL
LANGUAGE PROCESSING

For our project work, we will have to work on the
natural language based text extraction system, which
will identify which type of the data is in the text file.
Moreover, we can find out the required data and another
type of system approach to find that entity. The natural
language based system will help us on the text file to
find out the necessary information for the system
fulfillment of the data. By using this system, we can find
out protein and its related entity.

UsSING GENIA TAGGER FOR DATA
EXTRACTION

VL.

GENIA tagger is a website that will help to find
out the natural language based system for the protein
name tagging from the text; we will use this website for

the relevant data search. Moreover, we will use this
information in the desired data analyze technique [5].
We also use these type of system for our data
processing system [6].

VII. DATA TAGGING

First we will keep the data in the text file. These
data will help us in accessing the information [7][8].

Protein name contains an acronym abbreviating
the species name, e.g. Protein human growth hormone
(hGH)/protein, but long-form human protein IGF-II /
protein /long-form. Protein entities share common terms;
there may be only one name entity that can be easily
tagged. We tag such name as a protein. Long-form
protein  CSN subunits 4 /protein, 5,6 /long-form.
Assessment of v2 the results on intercoder reliability
using the revised guidelines are much better.

protein name contains an acronym abbreviating the
species name , e.g . Protein human growth hormone (
hGH ) /pro- tein, but long-form human protein IGF-
Il / protein /long-form . protein entities share
common terms , there may be only one name entity
that can be easily tagged . We tag such an entity as a
protein, while the list of enti- ties together are tagged
as a long-form, e.g . Long-form protein CSN
subunits 4 /protein, 5, 6 /long-form . Assessment of
v2 The results on inter-coder reliability using the
revised guidelines are much better . We present
results for F-measure

Fig. 3: Data Tagging in a Text File

VIIl. TAGGING PERFORMANCE WITH OTHER
DOCUMENTS
GENIA tagger performance is better than other
biomedical websites. GENIA tagger is trained in Wall

Street Journal corpus, PennBiolE corpus so it performs
well in various types of medical data.

Table I: Genia Tagger Comparison with Other

Documents
Wall Street | 5en 1A corpus
Journal
A tagger trained
on the WSJ 97.45% 85.34%
corpus
A tagger trained
on the GENIA 78.4% 95.67%
corpus
GENIA tagger 94.67 97.45

© 2019 Global Journals

IX.  RETRIEVING DATA AND SAVE DATABASE
ACCORDING TO THE RELATED ENTITY
We will have to save data according to the text

file which we will get from GENIA tagger website. Then
we will able to visualize them.

=T — v id
Edit 3z Copy @ Delete 1

entity_name entity_tag

protein_complex gene_promoters

LARP6

& Edit %c Copy @ Delete La-related protein 6
HPR

HHM

2
&’ Edit 3c Copy @ Delete 3 Haptoglobin- protein
4

& Edit 3c Copy @ Delete Parathyroid Protein

Fig. 4: Saving Related Entity to Database
X. DATA VISUALIZATION

After retrieving the data, we will analyze all the
entities which are related to each other. We will
categorize them according to the protein, gene,
chromosome various entities. Then we will visualize



them according to their category so that we will able to
know which data are the same group[10][11].

-
|£| Protein

| | Cancel

Fig. 5: Searching Related Protein Name

XI.  NAMED ENTITY RECOGNITION
PERFORMANCE
Our pdf file contains lots of entity of Protein,
DNA, RNA, Cell Line, and Cell Type. Genia tagger

provides us the flowing the final performance on the
evaluation set is as follows [12].

Table II: Genia Tagger Performance

Entity Recall Precision F-Score
Type
Protein 75.89 68.89 90.89
RNA 72.56 65.56 67.34
DNA 69.34 73.78 78.90
Cell Line | 6356 85.35 76.34
Cell Type | 56,78 65.45 82.98
Overall 73.45 68.67 78.79

XIl.  CONCLUSION

Natural Language Processing is a way to find
out the similar relational data from a text or document.
We try find out related protein and other biomedical
entity name and visualize them. Our research makes the
system fruitful for the data analysis process.
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A Collaborative Approach for Segmentation of
Probe Image for Efficient Texture Recognition

Divya Mathur® & Sandeep Upadhyay °

Abstract lmage processing methodologies and domain is
quite wide and really efficient now days for real time
applications. Our work primarily deals with the domain of
image segmentation and using segmentation concept, texture
recognition has been performed with comparative results and
simulations performed over a particular image dataset. The
initial work in our proposed work is to perform segmentation
on each part image then performing exiraction We have
focused on segmentation followed by exiraction so that the
classification result may not contain much error. The
conventional approach has been implemented in this regard
first and then the main problem that has been formulated is
patch up data pixels together which provide error in getting
right and appropriate texture. In order to deal with the problem
formulated in the existing work we have proposed a new
commuted method in which the extraction and segmentation
of image depends on the dynamic threshold set by user.
Keywords: weka, naive bayesian.

[. INTRODUCTION

he world as we all know nowadays is extremely
Tfast paced and exiremely machine-driven.
Technology has become similar to automation. All
this is often as a result of we have a tendency to,
humans, have a bent to try to our job quicker and within
the most effective method. thus the additional we have a
tendency to change, the simpler and quicker our work
becomes. Next trend in today’s quick dynamical world is
medical care. Since this is often the age of computers
we would like each data obtainable be digitized and
keep within the computers, since they need quicker
computing capabilities. however the matter in digitizing
world data into digital domain is we'd like to show the pc
specifically concerning our involved world information.
Texture affirmation (OCR) is the distinction in
physically formed or created substance into an
electronic course of action, which can be secured,
deciphered and orchestrated by a PC. It can be utilized
as a snappy information input framework for a front line
PC. Any OCR framework depends upon the running with
four key advances:- Texture affirmation (OCR) is the
difference in translated or created substance into an
electronic plan, which can be secured, deciphered and
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dealt with by a PC. It can be utilized as a provoke
information input procedure for a front line PC. Any OCR
framework depends upon the running with four key
advances.

[I. BACKGROUND

In certainties, principal Component assessment
(pca) can be a technique that might be acclimated
change a dataset., extra formally it's far a straight
change that picks a front line reference outline for the
informational collection specific the fine fluctuation
through any projection of the actualities set incorporates
lie on the essential hub (at that point called the essential
most critical segment), the second quality difference on
the second one pivot, et cetera. PCA are often utilized
for diminishing dimensionality in a greatly dataset while
retentive those attributes of the dataset that make a
commitment most to its variance with the guide of
expelling the later imperative components (with the
asset of an extra or a dreadful parcel considerably less
heuristic decision). Those qualities additionally can be
the "greatest basic", however this can be not essentially
the situation, depending on the applying.

PCA has the forte of being the top notch
straight change numerical space that has greatest
fluctuation. In any case, this comes at the doubtlessly
worth of vast approach call for. Never again like
probability direct changes, the PCA does not have an
intense and fast arrangement of premise vectors, its
premise vectors depend on the data set. expecting 0
exact propose (the observational suggest of the
circulation has been subtracted from the information
set), the fundamental part American joined conditions of
a dataset x are every now and again compute with the
asset of finding the Eigen values and eigenvectors of the
fluctuation lattice of x, we discover that the eigenvectors
with the most basic eigenvalues compare to the
measurements which have the most effective correlation
inside the dataset. The preparatory estimations ar
eventually anticipated onto the diminished vector locale.
Look based absolutely acknowledgment exploitation
PCA.
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Figure 1.1: Steps for OCR

[11. PROBLEM FORMULATION AND PROPOSED
SOLUTION

In comparison of pervious work, our main focus
would be on

Proposed Algorithm

Step 1- Take input data set in RGB texture and then
perform linearization for making it compatible for the
tool.

Step 2- Pre-processing of data set should be performed
to implement masking and filtering for getting more
accurate results

Step 3- In order to get accurate image segmentation
and extraction

Step 4- A maximum threshold is set now for pixel
intensity of 30 so that object lower than this pixel vector
can be removed in order to provide better visual effects
and less distortion in the dataset and texture .

Step 5- Again the linearization of image will be repeated
to get the final noise removed image.

Step 6- To provide dynamic dimension to our proposed
algorithm we have calculated region attributes of image.

Step 7- Region properties can be calculated using
bounding index for better texture recognition.

Step 8- Bounding box plotting is done now for getting
exact position and edge color of the input data set.

Step 9- Now final object extraction will be performed
using pseudo code like

%% Objects extraction

figure

for n=1:Ne where L and Ne is label connected
component

[r,c] = find (L==n); r and ¢ are rows and column
feature vectors

© 2019 Global Journals

n1=imagen(min(r):max(r),min(c):max(c));maximum and
minimum feature vectors are calculated to extract each
texture.

n is the position of texture and region property attributes.

Step 10- The above steps will be repeated till the last
texture is not extracted efficiently.
Step 11- exitr

IV. SIMULATION AND RESULTS

. e

Fig 4.7 Input data\set of car number plate

The figure 1 is just used as in input data set
which depicts the car number plate the first module will
load this into the tool for pre-processing then the next
process will be implemented .the given image is used in
implementing the existing work with random approach
of setting the threshold value.

KPT 255

P il

Fig. 4.2: Binarization of the input data set

The fig 2 shown above is just the linearization of
the input dataset so that it becomes compatible to the



tool to get processed further. The 2 dimensional one is
only acceptable in the tool for getting the number of
maximum connected components so that we can get
that number reduce in the proposed method to get the
accuracy improved along with better time complexity
and better extraction capabilities. The existing work has
randomly set the maximum threshold for the probe
image to extract the textures more accurately in the first
module of the work .considering the module1 .We have
contemplated a new technique with dynamic approach
to get the characters on a console window with more
accuracy and clarity. Instead of setting the threshold
value randomly we have used bounding boxes in the
work and proposed algorithm.

Fig. 4.3: Texture segmentation of the probe image to
get content separated

The fig 3 is showing the segmentation of
different textures so that the content can be recognized
accurately but the existing work has a drawback it can
recognize s single character for each time, It will
certainly increased the time complexity for each loop
and it also requires us to set the random threshold for
different character to be recognized. The existing work
has randomly set the maximum threshold for the probe
image to extract the textures more accurately in the first
module of the work. considering the module1

Fig. 4.4: The single texture extracted character by
using existing Algorithm

The Fig 4 has depicted the extracted texture
which has been performed by using existing work
algorithm which was very much random in approach so
we can see that only single texture can be recognized at
the single time this was one of the drawback of
existing work.

V. CONCLUSION AND FUTURE WORK

A road accident is something which misshapen
with our Image processing methodologies and area is
quite extensive and simply efficient now days for real
time applications. There are different proposed
approach which perform segmentation based texture
recognition with on the web and disconnected
methodologies with high and low accuracy of in
recognition .Our work concentrates around commuted
methodologies which incorporates pre-handling of test
set first to show signs of improvement precision and
afterward examine the output goes under the
recognition task. The current work has picked irregular
and static methodologies which at times blend
information pixel and result in worst precision and poor
texture recognition rate.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). 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: Authors are advised 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. Also, you can email your editor to remove the
color fee after acceptance of the paper.

TIPS FOR WRITING A GOOD QUALITY COMPUTER SCIENCE RESEARCH PAPER
Techniques for writing a good quality computer science research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. 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.

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

4. Use of computer is recommended: As you are doing research in the field of computer science then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10.Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. 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 for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dfter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon 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 for 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 of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.

e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

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 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.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

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

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite 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 approaches 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. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a 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 limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity 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.

0O oo

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets 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 for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, 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 soundly written procedures segment allows a
capable scientist to replicate 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 to give the least amount of information that would permit
another capable scientist to replicate 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 section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show 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:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

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

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0  Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as 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. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:
0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

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

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an 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 implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully 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 the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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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.

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

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

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

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

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

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

XIX

Abstract

Introduction

Methods
Procedures

Discussion

References

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

Well organized, meaningful
specification, sound
conclusion, logical and

concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and
structure with hazy meaning

unorganized

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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