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By Kaushik Deb,  Helena Parvin Mony &    Sujan Chowdhury  

Chittagong University of Engineering and Technology,Chittagong, Bangladesh 

Abstract - Sign language detection and recognition (SLDR) using computer vision is a very 
challenging task. In respect to Bangladesh, sign language users are around 2.4 million [1]. In this 
paper, we try to focus for communicating with those users by computer vision. In this respect, an 
efficient method is propose consists of two basic steps: (a) refinement and (b) recognition. Initially in 
refinement, a Red-Green-Blue (RGB) color model is adopted to select heuristically threshold value for 
detecting candidate regions (i.e. hand and wrist band sign regions). After the candidate regions are 
obtained by applying color segmentation, then procedures for refining the candidate region are 
followed by using two different color wrist band regions and filtering. Finally, statistically based 
template matching technique is used for recognition of hand sign regions. Various hand sign images 
are used to test the proposed method and results are presented to provide its effectiveness. 
 

Keywords : RGB color model, Color segmentation,Template matching. 
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Abstract -  Sign language detection and recognition (SLDR) 
using computer vision is a very challenging task. In respect to 
Bangladesh, sign language users are around 2.4 million [1]. In 
this paper, we try to focus for communicating with those users 
by computer vision. In this respect, an efficient method is 
propose consists of two basic steps: (a) refinement and (b) 
recognition. Initially in refinement, a Red-Green-Blue (RGB) 
color model is adopted to select heuristically threshold value 
for detecting candidate regions (i.e. hand and wrist band sign 
regions). After the candidate regions are obtained by applying 
color segmentation, then procedures for refining the candidate 
region are followed by using two different color wrist band 
regions and filtering. Finally, statistically based template 
matching technique is used for recognition of hand sign 
regions. Various hand sign images are used to test the 
proposed method and results are presented to provide its 
effectiveness. 

Keywords : RGB color model, Color segmentation, 
Template matching. 

 
ccording to sociolinguistic survey deaf, dumb and 
sign language users are neglected by society. In 
time to time, the scenario becomes changed. In 

the modern world, they are also treated as imaginative, 
creative and as intelligent as any other normal human 
being. But their disabilities is the main obstacle to lead a 
normal social life. According to study, instead of verbal 
communication, the deaf and dumb people use sign 
language, which is a visual form of communication 
including the combination of hand shapes, orientation 
and movement of the hands, arms or the body, and 
facial expressions. Sign language is the organized 
collection of gestures. Gestures are usually understood 
as hand and body movement which can pass 
information from one to another. In this paper we work 
with two hand gesture. Many researchers have 
attempted to recognize sign language through various 
techniques. However none of them have ventured into 
the area of Bangla sign language. However, Bangla- 
 

Author α : Faculty Member, Department of Computer Science and 
Engineering, Chittagong University of Engineering and Technology, 
Chittagong, Bangladesh 

Author
 σ : Department of Computer Science and Engineering, 

Chittagong University of Engineering and Technology, Chittagong, 
Bangladesh 

sign language users community is the largest 
community among the language based minority 
communities in Bangladesh. We focused our research 
on deaf and dump that live in Bangladesh. This paper 
propose a framework for Bangla SLDR. The basic 
concept involves the use of wearing two different color 
wrist bands by the disabled person who makes the sign 
and will interact with the system by gesturing in the view 
of the camera. Shape and position information about the 
hand will be gathered using detection of skin and wrist 
band color. The SLDR task is quite challenging from 
sign images due to viewpoint changes, uneven 
illumination condition during image acquisition. As far as 
detection and recognition of hand sign region are 
concerned, researchers have found various methods of 
hand sign detection and recognition. For example, glove 
based recognition strategy had developed in Pakistan 
sign language, described in [4]. Authors describe the 
use of statistical template matching for gesture 
recognition in Boltay Haath. In [2], the model describes 
the development of a video-based continuous sign 
language recognition system. The system is based on 
continuous density Hidden Markov Models (HMM) with 
one model for each sign which is developed for German 
sign language. According to [3], the one-state 
transitions of the English language are projected into 
shape space for tracking and model prediction using a 
HMM like approach. In [5], accomplished a computer 
based method to generate American sign language 
gestures from natural speech and display them through 
a 2D animated character. The domain is chosen as the 
sequential generation of gestures of letters in a text, 
corresponding to the speech. In the second segment of 
the work, we have implemented a system to generate 
American Sign Language gestures from speech and 
display them by a 2D Virtual Human. 

However, to the best of our knowledge all 
previous work on Bangla hand sign recognition is done 
only on one hand. In this respect, the main emphasis of 
this paper is to develop computerized sign language 
recognition system for two-handed Bangla sign 
language. In this regard, ten (10) different hand sign 
created by various people and matched it with our 
dataset and get better result and ensure its 
effectiveness. 

A 

© 2012 Global Journals Inc.  (US)
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The sign language used by the deaf community 
in Bangladesh is called Bangla Sign Language 
Anthology (BSLA) controlled by Centre for Disability 
Development (CDD). Like other sign languages of the 
world, it is a rich and complex visual-spatial language, 
with a vocabulary and syntax of its own. It is different 
from other sign languages and, of course, from spoken 
language such as English. It includes hand shapes and 
movements, facial expression and body movements to 
express meaning, and can be used to express a full 
range of meaning.  Various types of two handed Bangla 
sign language images are shown in Figure 1. All signs 
have two different color wrist bands, one is red and 
another is swan. Each sign of these images consist of 
four different colors: red, swan, skin color and black 
(background color). Color is an identifiable feature and 
wrist band color is an invariant manner is of main 
objectives of the proposed color based hand sign 
extraction method. 

 

 
 

Fig.1. Two -handed sign images. 

 

 

The following block diagram shows the working 
approach towards the solution of the stated problem. In 
order to fulfill our desired goal, the proposed framework 
divides the whole process into two basic steps: a) 
detection and b) recognition.  

 

 
Fig.2. The proposed hand sign recognition 

framework. 

 

According to our proposed framework first 
portion is detection module as shown in Figure 3. 
Detection means find out proper candidate region that 
will be used as an input in algorithmic implementation of 
recognition. The propose detection module consists of 
three major steps i.e. color segmentation, centroid 
calculation and localizing the edge of two wrist bands. 
The output of the initial step will be the binary image. In 
second step, center is calculated to detect the edge 
point. Finally, candidate region is extracted by removing 
forearm pixel.   

 
 

Fig.3. The proposed hand sign detection 
algorithm. 

 

a) Color segmentation 
Color is a distinctive feature of image. In this 

proposed method, candidate region is detected based 
on its color properties. For detecting hand and two wrist 
bands region a threshold values are obtained using 
heuristical approach on different hand images. The 
result of this step is two binary masks (where 0 means 
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background and 1 means possible sign) which 
represent candidate locations. 

 

Pixels belongs to hand sign if 

 

)40.( , R
jiI & )36.( , G

jiI  & )30.( , B
jiI                        

 

Pixels belongs of red band sign if 

 

)40.( , R
jiI & )007.( , G

jiI  & )02.( , B
jiI                     

 

And pixels belongs of swan band sign if 

 

)01.( , R
jiI & )57.( , G

jiI  & )50.( , B
jiI                        

 

Where 
B

ji
G

ji
R

ji III ,,, ,, pixels are belongs to red, 

green and blue component of input image I  with 

coordinates j). (i,  A hand sign image and its color 

segmentation results are shown in Fig. 4.  

 

                  
 

Fig.4.   A hand sign image (left) and its color 
segmentation results (right) using an RGB color 

model. 

 
In color segmentation, we get three different 

regions, such as skin color region and two wrist band 
color region. The skin color is discrete and it is 
separated by wrist band color. In order to obtain the 
full desired binary image we have to make an OR 
masking operation. Obtained binary image still 
contain noises and that is not ideal. These noise 
means forearm pixels of hand.  

As there is no difference between the color 
ranges of a skin pixel of the hand and a skin pixel of 
the forearm, our next approach is to remove forearm 
pixel from the position information. We can obtain it 
using centroid calculation and localizing the wrist 
band which is described in later part. In first step, 
calculate the centroid of band and hand and in next 
step try to find the edge point, which will help us to 
remove the noise and obtain the candidate image for 
further decision.

 
 

b) Centroids calculation 
By averaging the position of the pixels that is 

detected earlier, it is possible to calculate the centroid of 
both the hand and two wrist bands. 

The following equation used to find the hand & 
band centroid is as follows: 
 
 
                                                                                      (4)         
  
 
Where N is total number of pixels 
 

c) Localizing the edge of two wrist band 
In this step we try to find out the edge of the two 

wrist bands. It was considered that if the distance and 
angle of the edges of the wrist band relative to the hand 
centroid, the forearm skin pixels could be removed by 
comparing their distances and angles with them. 
 
The equation used for vector joining for two centroid is  
 

 5)                          C - C  )y, (x  C bandhanddifdifdif                                    

                                                    
 
The yaw angle of the hand is : 
 

(6)                                   ) / x(y tan diffdiff
-1hand                                                                   

                       
 
Horizontal & Vertical Line through center of band are 
found by this equation 

(7)                   

2
sin

2
cos

s+C= )(sP
hand

hand

  1band11













































 

Where (-35< s1<35) 
 
For each s1 count the number of wrist band pixels n(s1) 
along the line: 

(8)                          
)sin(
)cos(

S
 

P
  

)S
 

,(SP 21212 









hand

hand



  
   

 

 

Where (-50< s2<50)
 

   
 

The edges points  of the band  left  and right  
are equal to   P1(s1) when n(s1) falls below a certain 
threshold.

 
In this way, find the edge point of two wrist 

band
 
as well as maximum & minimum radius of  band &

 

hand.        
 

 





N

i
bandhand X

N
C

1
 ,

1

2 
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(2)

(3)

(



   (9) max  |-  C|, |band - C|band  r bandrightbandleftband 

 
In this way, removing the forearm and band 

pixels and extract the candidate sign as shown in Figure 
5. During this step, main geometrical properties of sign 
candidate such as area, is computed. And also 
combination of pixel position and priority based 
information is used to remove erroneous detected 
pixels.  

 

               
 

Fig.5 . A binary sign image with forearm pixel (a), 

candidate detected by proposed method (b) after 
removing forearm pixel. 

 

 

Next step of proposed framework is recognizing 
the hand sign after extracting the candidate regions 
from detection step. In this paper, template matching 
with the use of normalizes cross-correlation to perform 
recognition for different types of hand sign. The 
proposed recognition scheme is shown in Figure 6.  

 

 
 

Fig.6.  The proposed hand sign recognition scheme. 

 

Before recognition scheme, the candidate hand 
signs are normalized. Normalization is to refine the hand 
signs into a block containing no extra white spaces (i.e. 
pixels) in all four sides of the hand sign. Then each hand 
sign is fit to equal size. Fitting approach is necessary for 
template matching. For matching the candidate hand 

sign with the template, input candidate sign images 
must be equal sized with the template sign. Here the 
sign are fit to 9672.  For recognition of hand sign, we 
use the database where containing 10 prototypes for the 
hand signs with the size of 9672.  The database 
formed is shown in Figure 7.  

 

 
 

Fig.7.  Template (10 prototypes for the hand sign 
images with Bangla meaning) used for pattern 

matching.  
 

To measure the similarity and find the best 
match, a statistical method correlation is used [7]. 
Correlation is an effective technique for image 
recognition. This method measures the correlation 
coefficient between a number of known images with the 
same sized unknown images or part of an image with 
the highest correlation coefficient between the images 
producing the best match. 

Let t  be a template image and t its average of 

binary image. Let us assume that c  is a candidate hand 

sign image, having the same size of the template and let 
c be its average of binary image. We use the normalized 

cross-correlation function between the image pair and 
define in the discrete case as follows. 
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Where ctNcc is the correlation coefficient. The 

candidate hand sign recognition process is based on 
the value of the correlation coefficient. If the value of the 
correlation coefficient exceeds a threshold set by the 
user, then the similarity measure is large enough and 
input hand sign can be assumed to present. Finally, a 
red box on the target hand sign is plotted as shown in 
Figure 8.



 

Illustration of hand sign recognition is portrayed in 
Figure 8.

 
 

 
 

Fig.8.

 

Illustration of hand sign recognition: (a) 
extracted candidate binary hand sign image, (b) gesture 
image, (c) and (d) candidate hand signs measuring the 

similarity by NCC and recognized gesture sign 
converted to text, respectively.

 

 

 

All experiments were done on core-i3 2.53 
GHz with 2 GB RAM  under  MATLAB environment. 
In the experiments, 80 images were employed and 
the size of the images is  320240 pixels. Some 
images are shown in Figure 7. The hand sign 
detection and recognition results, and average 
computational cost for hand sign recognition are 
shown in Tables 1, 2, and 3.

 

Table 1

 

:

 

Detection results.

 
 

Input Image

 

Detected hand 
sign

 

Success rate 
(%)

 

80

 

78

 

97.5

 

 

Table 2

 

:  Recognition results.

 
 

Stage

 

Success rate (%)

 

Recognition of hand sign

 

96

 

 

Table 3

 

:  Average computational cost.

 

 

Computational Time of 
Refinement Step

 

Computational Time of 
Recognition Step

 

Stage

 

Avg. 
Time(s)

 

Stage

 

Avg. 
Time(s)

 

Color 
segmentation

 

.39

 

Normalization

 

.21

 

Remove 
forearm pixel

 

.27

 

Plotted output

 

1.92

 

-

 

-

 

Convert to text

 

.37

 

 

.66

  

2.50

 

 

 

In this paper, we adopt a new method for

 

automatic recognition process of sign language to 
develop the quality of life of these disable people. 
Initially in refinement, a Red-Green-Blue (RGB) color 
model is adopted to select heuristically threshold value 
for detecting candidate regions

 

(i.e. hand and wrist 
band sign regions). After the candidate regions are 
obtained by applying color segmentation, then 
procedures for refining the candidate region are 
followed by using two different color wrist band regions 
and filtering.

 

And also 

 

combination of pixel position and 
priority based information was used to remove any 
erroneous detected pixels. 

 

Finally,

 

we focus in this 
paper on the conducting an experiment using template 
matching technique with the use of normalized cross-
correlation to perform for recognition of hand sign 
regions. 

 

While conducting the experiments, different 
illumination conditions and varied distances between 
hand sign and camera often occurred. In such cases, 
confirmed the result is very effective when the proposed 
method

 

is used.  However, the proposed method is 
sensitive with different back ground condition and 
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rotated hand sign images. We leave these issues for 
consideration in future studies.
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using standard  RSA Digital Signature with implemented 
version of MD5 algorithm to ensure Message Integrity, Privacy, 
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long with the development of Internet, the E-
governance [8] has become a new pattern of 
activity for any Government. Almost all electronic 

transaction system used in  E-governance needs a 
secure communication channel between the client and 
the server. During any type of these transaction ,we  
should involve a suitable cryptographic algorithm like 
RSA, DES, Elgamal, ECC etc. using Digital Signature 
(DS) where integrity, privacy, and non-repudiation can 
be imposed. Digital Signature works on the principle of 
public key cryptography[9]. Public key cryptography is 
based on a concept of key pairs, private key and public 
key. Public and private keys are nothing but large prime 
numbers generated by mathematical algorithms. The 
key pairs are used for both signing and encrypting the 
message. Public key helps to prove unequivocally that 
you are who you claim to be. The reliability of Digital 
Signature  is same as that of a paper document with 
hand written Signature.  

Now many  of the  government  setting up the 
core infrastructure and policies to  implement a number 
projects for their nation and  state related to G2G 
concern like  Income Tax filling, Banking Services, 
Provident Fund status ,passport & visa information 
,Voter Id, National citizen card status, insurance & risk 
management  ,pension plan status, details members of 
legislative, assembly and parliament ,trade license key 
or agreement, pan card  verification, etc. 

In E-governance[5] large amount of packets 
would be transferred between Government to 
Government  using internet which is  unsecure and time 
consuming. Intruders can change the information 
according to their requirements. So to ensure speedy  
communication and reduce the unauthorized access  
through information and communication 
technologies(ICT), it is required to use some techniques 
impose data Integrity, Privacy and Authenticity which 
must  maintained with less communication costs using 
available bandwidth. 

Section 2  describes Framework for signed  
G2G model. In section 3, proposed techniques has 
been discussed, Section 4 represents analyses of the 
proposed technique and implementation area. Section 5  
draws a conclusion followed by references. 

 

G2G model implies simulations of Government 
to Government [5] services electronically. It can also be 

 
  

  

 

 

Figure 1:  Simple model  of G2G.
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referred to electronic transaction between two  or more 
governments, central to its states/provinces or one 
country to other,etc. It can be used to vertical and 
horizontal

 

Governmental integration.

 

A 
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So G2G is the online non-commercial 
interaction between two  Government organizations, two 
departments of a Government organization. 

Following block diagram shows the  proposed 
scheme using Digital Signature to ensure Authenticity in 
any  G2G model [1].  

 

Figure 2
 

:
 

Block Diagram of Digital Signature application  to ensure Authenticity in any  G2G model.
 

 

Here Digital Signature [10] should be imposed 
by the sender government and Digital Signature  should 
be verified by Receiver government in reality. First the 
message is hashed into a message digest. Using this 
hashed value a Signer (government) digitally signs 
(encrypt) the message (transaction) using his private 
key. This DS is attached to the original message and 
send by the sender Government.  

After receiving the message, the receiver has to 
use the sender’s public key to decrypt (we can say  de-
sign) the message digest and to ensures integrity 
authenticity. Confidentiality is achieved by comparing 
designed message and message digest using same 
algorithm used. As in an electronic transaction system 
an intruder should not be able to find out what 
transaction a particular user is executing if confidentiality 
is properly maintained. If the hash values of sender and 
receiver are equal, it serves to prove that the message 

has not been tampered. With changing even one letter 
in the message, the hash value would be changed. 
Hence message integrity is assured. 

Non-repudiation is the cryptographic term 
describing the situation when the originator of a 
message cannot deny having sent it. Non-repudiation 
prevents from denying previous commitments or 
transactions from an entity. 
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a) Use Of  Cryptographic Hash Implemented Version 
Of Md-5. 

 

Figure 3 :   Sample Output By Implemented Version Of 
Md-5 Hash.  

Cryptographic hash function [6] will be used to 
verify the integrity of the data i.e. to ensure that the 
message has not been tampered with after it leaves the 
sender Government but before it reaches the receiver 
Government. So we perform the hash operations (some 
time called message digest algorithm) over a block of   
encrypted data to produce its hash, which is smaller in 
size than the original message[9,1].  

Implemented Version of MD5  follows the all 
properties of standard hash function [2]. So when it 
operates on encrypted message  M ,It returns a fixed-
length hash value  H. So that H = MD5(M). 

No two messages produce the same message  
digest, otherwise message integrity violates. We are 
using Implemented Version of MD5 which performs 
better with respect to the standard MD-5 algorithm. 
Though standard output is generated and displayed in 
the above diagram but This  Implemented Version of 
MD5 can be customize according to the requirements of 
the user. Here is the performance chart of Implemented 
Version of MD5 over standard MD5 for a certain 
hardware system. 

 

 

Figure 4 :
 
Comparative study of time consumed (in ms) 

to create  message digest by Implemented Version of 
MD5  and standard Java MD-5

 

i.
 

All methods and classes are  made final .
 

ii.
 

Used System arraycopy for copying data into 
array.

 

iii.
 

Pre-computed the String lengths and stored.
 

iv.
 

Manually Implemented of the getHexString() 
Method.

 

v.
 

Restructuring all the loops [4].
 

 

b)
 

Digital Signature
 

Digital Signature [10] is one of the major  
development in network security . The need for Digital 
Signature has arisen with the rapid growth of digital 
communications. A Digital Signature algorithm 
authenticates the integrity of the signed data and identity 
of the signatory. Authentication in a Digital Signature is a 
process whereby the receiver of a digital message can 
be confident of the identity of the sender and/or the 
integrity of the message. RSA encryption is quite slow 
because of large key size and modular exponentiation 
operations that have to be used to ensure security. For 
the same reason, RSA's Digital Signature is slow as well 
[7]. The length of transmitted Signature equals the 
length of transmitted message. In other words longer 
the message,

 

the longer the Digital Signature. So, the 
proposed scheme uses Secure Hash Algorithm[11]  
(MD5) to obtain condensed version of message, which 
will go as input for RSA Digital Signatures algorithm  as 
shown in Figure-2. Properties  like  pre image resistant & 
collision resistant and the signing algorithm should sign 
on the message digest, rather than the original message 
are also maintained  in this implemented version of 
MD5.

 

c)
 

Hashed Rsa Digital Signature  Generation Algorithm 
 

Digital signing with RSA is roughly equivalent to 
encrypting with a private key. Basically, the Sender 
Government employee computes a message digest, 
then encrypts the value with his private key. The 
Receiver Government employee also computes the 
digest and decrypts the signed value, comparing the 
two. Of course, the verifier has to have the valid public 
key for the entity whose Signature is to be verified, which 
means that the public key needs to be validated by 

0
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some trusted third party or transmitted over a secure 
medium such as an authenticated courier. 

Digital signing works because only the person 
with the correct private key will produce a "Signature" 
that decrypts to the correct result. An attacker cannot 
use the public key to come up with a correct encrypted 
value that would authenticate properly. 

The RSA public-key cryptosystem can be used 
to authenticate another person. In general, the RSA 
algorithm is usually  smaller than the private exponent . 
This means that verification of a Signature is faster than 
signing. This is desirable because a message will be 
signed by an individual only once, but the Signature may 
be verified many times. To make it faster modified 
Hashed-RSA Algorithm is presented as following. This 
algorithm takes Implemented Version of MD5 hashed 
data instead of plaintext.  

The RSA scheme was the first implementation 
of public key cryptography. Let (α, n), (β, n) be the 
public and private key of a RSA cryptosystem. The 
Signature on the message is computes as follows: 

Step 1. Sender Government uses Implemented Version 
of MD5 message digest algorithm to calculate H over  
message M, i.e  H= MD5(M). 
Step 2. Now Sender Government once again encrypt 
the message digest H by the Private-key (α) of the 
sender Government to produce Digital Signature DS i.e.  
DS= (H) α mod n 
Step 3. Now Sender Government send the original 
message M along with the Digital Signature DS to the 
receiver government. 

d) Hashed Rsa Digital Signature  Verification  Algorithm 
The verification process is just reverse of 

Signature generation process. At the receiver end we 
have signed message which contains RSA encrypted 
key and Digital Signatures.  

Step 1. Receiver  Government uses same message 
digest algorithm Implemented Version of MD5 to 
calculate another message digest H2 over  received  
message M1, i.e  H2= MD5 (M1). 
Step 2. Now receiver  Government uses sender 
government’s the public key (β) to decrypt Digital 
Signature DS i.e.  H1= (DS) β mod n 
Step 3. Now receiver  Government compare H1 and H2 
.This failure of matching implies that document is not 
authentic or a possible computation error has occurred 
otherwise receiver government received correct  and 
unaltered message from sender government. 

 

As there is general lack of awareness regarding 
the benefits of E-Governance as well as the process 
involved in implementing successful G2G (or G2G2G) 
projects, the administrative structure is not geared for 

maintaining, storing and retrieving governance 
information electronically and transactions are be made 
in non secured way. So day by day corruption is 
increasing from different ends. The privacy of each user 
and system data is of crucial importance for E-
Governance system that meets user expectations and 
acceptance. Now a days each Government sector  
move away from paper documents with ink Signatures 
or authenticity stamps, Digital Signatures can provide 
added assurances of the evidence to provenance, 
identity, and status of an electronic document as well as 
acknowledging informed consent and approval by a 
signatory . 

Some  e-Governance projects can be  
implemented by this concept  are : 

i. E-district : Objective is to divide all states by e- 
district   so that one actual district can have 
minimum  one maximum any number of e-district 
with e-DM to run the every policy related to e-
governance like e-Seva, which is already 
implemented in states like  Andhra Pradesh and  
Rajasthan in India. 

ii. E-Tourism Card : Any state /country can provide 
this card with duration so that any  tourist can buy 
/issue this card for visit every tourist spot of that 
state/country. 

iii. E-Pay : Every government  should pay the 
monthly weight age (salary ) by net banking 
though this have been implemented by many 
employer privately. 

iv. E-Coordination : An application  package is 
required to maintain all documents of very close 
interaction between the government department 
and the agency developing the solutions. 

v. E-Suggestion : A team must require to understand 
and accept  all suggestions from every end  and 
forward those to proper places. 

vi. E-Health Card : Government  can provide this 
card to poor people for their health checkup in all 
district government hospitals. 

vii. E-Voting Card : Any kind of decision where voting 
is required for different places of state or country 
can use this card. 

Also the United States Government Printing 
Office publishes electronic versions of the budget, 
public and private laws, and congressional bills with 
Digital Signatures. Universities including Penn State, 
University of Chicago, and Stanford are publishing 
electronic student transcripts with Digital Signatures. 

 

The importance of high confidence is require for 
any kind of transmission of data in various department 
of   any government sector and it is  obvious in case of 
administrative  decision and  financial context. Also in 
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many scenarios the sender Government  and receiver 
Government may have a need to show their higher 
authority that the message has not been altered during 
transmission. In this paper, we have proposed  
asymmetric encryption with  Digital Signature  to 
maintain data integrity customize hash function. The 
result will be more efficient when someone apply dual  
Digital Signature. VERY SMART concept is more 
applicable by  ECDSA instead of RSA Digital Signature. 
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Abstract -  Elliptic Curve Cryptography recently gained a lot of 
attention in industry. The principal attraction of ECC compared 
to RSA is that it offers equal security for a smaller bit size, 
thereby reducing processing overhead. ECC is ideal for 
constrained environment such as pager, PDAs, cellular 
phones and smart cards. ECC Encryption and Decryption 
methods can only encrypt and decrypt a point on the curve 
and not messages. This paper presents the implementation of 
mapping of text message into multiple points on Elliptic Curve 
with an Initial Vector (IV) using ECC. Further it also includes the 
transformation of fixed and variable size word in source text on 
to Elliptic Curve. These proposed methods enhance the 
security of ECC with multi fold encryption. 

Keywords : Elliptic Curve Cryptography, finite 
fields,Smart Cards, public key cryptography, discrete 
logarithm. 

 
lliptic curve cryptography was independently 
proposed by Koblitz and Miller in 1985[1]. Unlike 
standard public-key methods that operate over 

integer fields, the elliptic curve cryptosystems operate 
over points on an elliptic curve. Similar to other Public 
Key encryption techniques, the security level of ECC 
also depends on the sizes of the keys used. The sizes of 
the cryptographic keys can be decided considering the 
following points [4]. 

 The approximate duration for which the information 
requires to be kept secure. 

 The allowable level of impracticability of an attack to 
be carried out. 

 The advancements in the computational resources, 
which are available to the attackers. 

 The progress in the area of cryptanalysis. 

Cryptographic algorithms based on discrete 
logarithm problem can be efficiently implemented using 
elliptic curves [2].  

Elliptic curve cryptography is emerging as an 
attractive public-key cryptosystem for resource 
constrained devices like smart cards because 
compared to  traditional  cryptosystems  like  RSA/DH,  it       
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offers equivalent security with smaller key sizes, faster 
computation, lower power consumption, as well as 
memory and bandwidth savings [3]. 

  

Elliptic curves are not like an ellipse or curve in 
shape. They look similar to doughnuts. Geometrically 
speaking they somehow resemble the shape of torus, 
which is the product of two circles when projected in 
three-dimensional coordinates. ECC makes use of 
elliptic curves in which the variables and coefficients are 
restricted to elements of a finite field. There are two 
families of elliptic curves defined for use in 
cryptography: prime curves defined over odd prime field 
FP and binary curves defined over Galois field GF (2m). 

a) Geometrical Definition Of Point Addition And Point 
Doubling Using Chord-And-Tangent Rule 

For any two points P(x1, y1) ≠ Q(x2, y2) on an 
elliptic curve, EC group law point addition can be 
defined geometrically (Figure 1) as: “If we draw a line 
through P and Q, this line will intersect the elliptic curve 
at a third point (-R). The reflection of this point about x-
axis,    R(x3, y3) is the addition of P and Q”. 

 

                    Fig.1.
 

Addition: R=P+Q
 

For P=Q, point doubling, geometrically
 

(Figure 
2) if we draw a tangent line at point P, this line intersects 
elliptic curve at a point (-R). Then, R is the reflection of 
this point about x-axis.

 

E 
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       Fig.2. Doubling: R=P+P 

b) Point Multiplication 
The dominant operation in ECC cryptographic 

schemes is point multiplication. This is the operation 
which is the key to the use of elliptic curves for 
asymmetric cryptography---the critical operation which 
is itself fairly simple, but whose inverse (the elliptic curve 
discrete logarithm) is very difficult. ECC arranges itself 
so that when you wish to performance operation the 
cryptosystem should make easy encrypting a message 
with the public key, decrypting it with the private key the 
operation you are performing is point multiplication. 
Scalar multiplication of a point P by a scalar k as being 
performed by repeated point addition and point 
doubling for example 7P=(2((2P)+P)+P. 

c) Elliptic Curve Over FP
 And F2

m 

Definition of elliptic curve over FP as follows [5]. 

Let p be a prime in FP and a, b FP such that  4a3 + 
27b2 ≠ 0 mod p in  FP, then an elliptic curve E (FP) is 
defined as  

                   E (FP):= { p( x, y) , x, y  FP
 } 

 

Such that y2 = x3 + ax + b mod p together with 
a point O, called the point at infinity. Below is the 
definition of addition of points P and Q on the elliptic 
curve E (FP). Let P(x1, y1) and Q(x2, y2) then 

 
                          O               If x1 = x2

 
and y2 = 

 
y1

 

 

 
R= P+Q =          Q = Q+P   If P = O 

 
               

 

 
                          (x3, y3 )        otherwise

 

 Where                        
 

                   2 
 
x1

 


 
x2   If P

 
≠

 
±Q (Point Addition)

  
   x3

 

  =                                    
 

                  
 
2 

 
2x1        If P

 
= Q (Point Doubling)

   
 

 
  y3  = (x1 
  

x3) 
 

y1, and  
 

                    y2
  y1         If P ≠ ±Q (Point Addition) 

                               x2
  x1     

        =                                     

                   3x1
2  a    If P = Q (Point Doubling)  

                        2y1
 

 

The point p(x, -y) is said to be the negation of 
p(x, y).  

The elliptic curves over F2
m  is defined as follows.  

Denote the (non-super singular) elliptic curve 
over F2

m by E (F2
m). If a, b  F2

m such that b ≠ 0 then  

              

E (F2
m) = {p(x, y), x, y  F2

m
 } 

 

such that  y2 + xy = x3 + ax2 + b  FP
m 

together with a point O, called the point at infinity. 

The addition of points on E (F2
m) is given as 

follows: Let P(x1, y1) and Q(x2, y2) be points on the elliptic 
curve E(F2

m), then 

                             O                    If x1 = x2 and y2 = y1 

 

R = P+Q =         Q = Q+P      If P = O 

                 

                             (x3, y3 )            otherwise           

    
Where                             

 

                   2  x2 x1  a  If P ≠ ±Q (Point Addition) 

       x3   =                                     

                   2    a             If P = Q (Point Doubling)  

 

    y3   =  ( x1  x3 ) x3  y1      

 

 and 

                     y2  y1                   If P ≠ ±Q (Point Addition) 

                                  x2  x1     

          =                                     

                      x1    x1         If P = Q (Point Doubling) 

                             y1 

  

Elliptic curve cryptosystems over finite field have 
some advantages like the key size can be much smaller 
compared to other cryptosystems like RSA, Diffie-
Hellman since only exponential-time attack is known so 
far if the curve is carefully chosen [5] [1] and Elliptic 
Curve Cryptography relies on the difficulty of solving the 
Elliptic Curve Discrete Logarithm Problem ECDLP, which 
states that, “Given an elliptic curve E defined over a 
finite field FP

 , a point PE (FP) of order n, and a point   
QE (FP) , find the integer k  [0,n −1] such that Q = k 
P. The integer k is called the discrete logarithm of Q to 
the base P, denoted k = logPQ”. 
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a) Elliptic Curve Encryption/Decryption 
Consider a message „Pmt‟ sent from A to B. „A‟ 

chooses a random positive integer „k‟, a private key „nA‟ 
and generates the public key PA = nA × G and 
produces the cipher text „Cm‟ consisting of pair of 
points Cm = { kG , Pmt + kPB } where G is the base 
point selected on the Elliptic Curve, PB = nB × G is the 
public key of B with private key „nB‟. 

To decrypt the cipher text, B multiplies the 1st 
point in the pair by B‟s secret & subtracts the result from 
the 2nd point  Pmt + kPB – nB(kG) = Pmt + k(nBG) – 
nB(kG) = Pmt 

 

The proposed method the text message could 
be represented with all 256 symbols included in the 
standard ASCII codes. 

a) Fixed Length Block Mapping Technique 
In ECC the computation basically consists of an 

affine point Pm(x, y). This point and Base point (G) may 
represent the same point or both may be different. Base 
point implies it has the smallest (x, y) co-ordinates, 
which satisfy the EC. Following are the mapping 
algorithm for fixed length block message. 

Notation :   m - Message 

                   IV - Initial Vector 

                   K - Block Size 

                   G - Base point  

                   Pmt - Transformed point 

                   Cm  - Cipher text 
                   AT  - ASCII Value of the text 
Encryption Algorithm : 

Step 1: Begin 

Step 2: n = m/k 

Step 3: XORed_str  = IV 

Step 4: for i = 1 to n 

Step 4.1: XORed_str  = XORed_str   Block[i] 

Step 4.2: AT = ASCII(XORed_str) //ASCII value of 
XORed_str  in base 256 format 

Step 4.3: Pmt  = AT * Pm 

Step 4.4: Cm[i] = { kG , Pmt + kPB } //Pmt encrypted 
using ECC (Presented in section II) 

Step5: End. 

 
Decryption Algorithm:  
Step1: Begin 
Step 2: XORed_str  = IV 
Step 3: for i = 1 to n 
Step 3.1: Pmt = Pmt + k(nBG) – nB(kG) // get Pmt using 
private key nB (Presented in section II) 
Step 3.2: Get Pm, AT  //Calculate these  values from Pmt 
using discrete logarithm 
Step 3.3: XORed_str  = Text(AT ) //generate string using 
AT which is in base 256 format  
Step 3.4: Decrypt_block[i] = XORed_str   Block[i] 
Step 3.5: XORed_str  = Block[i] 
Step 4: End 

b) Variable Length Block Mapping Technique 

In this mapping technique we consider each 
word as a block and null characters are padded to IV or 
message block if their lengths are not same. The other 
encoding and decoding techniques are same as fixed 
length block mapping technique. 

 
 

The typical Elliptic Curve is represented by:  
y2 = x3 + 3x - 3 (mod 1386491) 

The base point G is selected as (1, 1). Base 
point implies that it has the smallest (x, y) co-ordinates 
which satisfy the EC. 

a) Fixed Length Block Mapping Implementation 
Under fixed length block implementation we 

have implemented for single character block and two 
characters block and presented the results. 
For single character block mapping results shown in 
table 1 and their graphical representation is shown in 
Fig.3, Fig.4 and Fig.4 for the plaintext message 
"A#2AAZ" 

For two characters block mapping results 
shown in table.2 and their graphical representation is 
shown in Fig.6, Fig.7 and Fig.8 for the plaintext 
message "Aa@$59Aa@$" 

   
Table 1:  Mapping points for plaintext "A#2AAZ" and IV =”2” 

Plaintext 
Block Mapping Point Encrypted Point Decrypted Point 

A (845227, 1303111) (612399, 1262010) (845227, 1303111) 

# (824245, 1138831) (520953, 403024) (824245, 1138831) 

2 (867657, 460591) (591611, 904819) (867657, 460591) 

A (603452, 158814) (725362, 106713) (603452, 158814) 

A (867657, 460591) (591611, 904819) (867657, 460591) 

Z (1255016, 1103602) (19218, 623927) (1255016, 1103602) 

© 2012 Global Journals Inc.  (US)
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                  Fig.3.

 

Mapping                                      Fig.4.

 

Encrypted                                     Fig.5.

 

Decrypted

 

 

Table 2:  Mapping points for plaintext "Aa@$59Aa@$"

 

and IV = “24”

 

 

Plaintext 
Block

 

Mapping Point

 

Encrypted Point

 

Decrypted Point

 

Aa

 

(503400, 797492)

 

(1378250, 715061)

 

(503400, 797492)

 

@$

 

(978908, 708756)

 

(153590, 704662)

 

(978908, 708756)

 

59

 

(1085662, 709747)

 

(756400, 1273838)

 

(1085662, 709747)

 

Aa

 

(1202808, 1273936)

 

(1204937, 625801)

 

(1202808, 1273936)

 

@$

 

(41405, 1007904)

 

(436269, 1049661)

 

(41405, 1007904)

 

 

  

 

   

 

            Fig.6.

 

Mapping                                          Fig.7.

 

Encrypted                                   Fig.8.

 

Decrypted

  
 

 

b)

 

Variable Length Block Mapping Implementation

 

Under variable length block implementation we 
have implemented for one word block presented the 
results.

 

Mapping results shown in table 3 and their 
graphical representation is shown in Fig.9,  Fig.10 and 
Fig.11 for the plaintext message  "A to  Z 1 to 10 ! to )"  
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Table 3 :  Mapping points for plaintext "A to Z 1 to 10 ! to )" and IV = “69” 

 
Plaintext 
Block

 
Mapping Point

 
Encrypted Point

 
Decrypted Point

 
A

 
(1143751, 1132381)

 
(1269235, 391778)

 
(1143751, 1132381)

 
to

 
(84586, 283729)

 
(1353127, 582406)

 
(84586, 283729)

 
Z

 
(321420, 867260)

 
(699790, 1214960)

 
(321420, 867260)

 
1

 
(988208, 942508)

 
(453764, 347504)

 
(988208, 942508)

 
to

 
(802250, 650335)

 
(672017, 694990)

 
(802250, 650335)

 
10

 
(416579, 1085820)

 
(4704, 95182)

 
(416579, 1085820)

 
!
 

(257086, 28323)
 

(1279171, 987239)
 

(257086, 28323)
 

to
 

(589667, 1090547)
 

(1356372, 1172684)
 

(589667, 1090547)
 

)
 

(680970, 712757)
 

(1345141, 1117444)
 

(680970, 712757)
 

         

                      
              Fig.9. Mapping                                           Fig.10. Encrypted                          Fig.11. Decrypted 
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If a block of message using same mapping 
point from plaintext  to cipher text throughout encrypted 
message[6][8] then  It is easy to decipher using 
substitution ciphers with frequency analysis because the
simple mappings preserve letter frequencies of the 
plaintext message[7]. The main disadvantage of the 
existing methods [6] [8] is attacker need not require 
private key of the receiver when attacker uses letter 
frequency attack to decipher plaintext message. In
proposed mapping methods if a block of message is 
repeated then every time it maps to different points. So it 
is difficult to decipher using uses letter frequency 
analysis. It hides letter frequencies of the plaintext 
message.

This paper presented a method to embed the
message blocks in point form before using Elliptic Curve 
Cryptosystem. The modified scheme is believed to be 

secure because it involves multi fold encryption. Even 

security is needed to protect data during their 
transmission also, as there are many people hiding in 
the cyber space who have the inclination skills to steal 
from both individuals and corporations. In the proposed 
methods if a block of message is repeated then every 
time it maps to different points. Proposed methods 
strengthen the cryptosystem, i.e., for an intruder it would 
be very difficult to guess on which points the message 
blocks are mapped and it hides letter frequencies of the 
plaintext message.
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Cleaning Robot 
  

By Nikita Prashar,  Tejashree Thorat,  Abhishek Galande &  Ritesh Durande 
 Pune University 

Abstract - A new service robot designed for cleaning tasks in home environments is introduced. 

System has three subsystems: electrical, software and mechanical of which microcontroller, sensors 

(opponent and light) and motor are the electrical and mechanical subsystems respectively and the 

software subsystem is the brain of the robot.  

The cleaning robot uses a microcontroller to detect obstacles and manipulates its direction as 

per the inputs . It is programmed to accept inputs to sense obstacles around it and control the robot 

to avoid any collisions. In case of an obstacle, or a potential collision, the microcontroller controls the 

wheels of the robot by a motor driver to avoid collision. The vacuum cleaner at the bottom of the 

robot performs the cleaning process. 

Keywords : Service Robot, Odometric Correction, Path estimation, Microcontroller. 
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Cleaning Robot 

Nikita Prashar , Tejashree Thorat
 
, Abhishek Galande

 
, Ritesh Durande  

Abstract - A new service robot designed for cleaning tasks in 
home environments is introduced. System has three 
subsystems: electrical, software and mechanical of which 
microcontroller, sensors (opponent and light) and motor are 
the electrical and mechanical subsystems respectively and the 
software subsystem is the brain of the robot. 

The cleaning robot uses a microcontroller to detect 
obstacles and manipulates its direction as per the inputs . It is 
programmed to accept inputs to sense obstacles around it 
and control the robot to avoid any collisions. In case of an 
obstacle, or a potential collision, the microcontroller controls 
the wheels of the robot by a motor driver to avoid collision. The 
vacuum cleaner at the bottom of the robot performs the 
cleaning process. 
Keywords : Service Robot, Odometric Correction, Path 
estimation, Microcontroller. 

 

One of the basic requirements at household is 
cleaning which is an iterative process and required on 
daily basis consuming both time and energy. Cleaning 
Robot is an approach to make cleaning an easy and 
time efficient task also to give comfort to the human by 
doing the domestic works. The functions of a Cleaning 
Robot are: 1) Detecting the position of the area to is 
cleaned 2) Path estimation to reach that position 3) 
Cleaning the area with the help of Vacuum Cleaner 
which is attached to it. 

 

The concept of this system is shown in Fig. 1. A 
camera is set in the ceiling of the room which is to be 
cleaned  in a position in which it can have a complete 
view of the floor. Then, camera takes images of the floor 
and transmits them to the user's PC display. Next, the 
user is provided with two modes of cleaning a) 
Automatic Mode in which Robot automatically detects 
the dust and cleans it and b) Manual Mode in which 
user can select a desired position to be cleaned by 
clicking on it on the image being generated on the 
screen. In automatic mode the first the position of the 
robot is estimated and then the destination position i.e. 
area   to    be    cleaned    is    calculated.  Then,  clicked 
 

Author
  
α

 
σ

 
ρ

 
Ѡ : Department Of Computer Engineering, Pune University 

Dhole Patil College Of Engineering, Ubale Nagar,  Wagholi, Pune, 
Maharashtra, India 

E-mail  : nikita.prashar@hotmail.com 

E-mail  : thorat.tejashree@gmail.com 

E-mail  : abhishek.galande@yahoo.com 

E-mail  : ritesh.durande@gmail.com 

 

coordinates are forwarded to the robot, and the robot 
moves to the location and cleans the dust. Moreover, it 
is possible to avoid robot approaching certain places 
one can predefine the areas where robot should restrict 
its movement. As web cameras became cheap, the 
installation cost is low. 

When the robot moves in the indoor 
environment, there are plenty of obstacles around the 
robot making difficult to find and measure landmarks for 
correcting position. This system calculates a relative 
position of the robot by using the camera fixed to the 
ceiling. As a result, the position and posture can be 
measured and corrected. Odometric Correction is used 
for avoiding error free movement. 

 
 

 Fig 1.  

 

 

a)
 

Clean Assist-
 
The Cleaning Robot

 

CLEAN ASSIST is an integrated Robot, a basic 
working robot is created and at the bottom of which a 
vacuum cleaner

 
is attached which would suck the dust 

and clean the area.
 

 

b) Web Camera 

Web camera with resolution 5 megapixel has 
been used for capturing the images and videos of the 
room to be cleaned
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Room with the cleaning robot and ceiling mounted 
camera.

α σ ρ Ѡ

α

σ

ρ

Ѡ



 

First of all the snap of the clean room is 
captured and saved for reference in the secondary 
storage in the monitor. The camera keeps capturing 
images continuously and Gaussian blur algorithm is 
applied to reduce the noise in the captured image after 
that if any change is encountered with respect to the 
reference image then blob algorithm is applied to detect 
points or regions in the image that are either brighter or 
darker than the surrounding that will be the dust which 
has to be cleaned as it is done with reference to the 
snap of the clean room already captured. 

 
 

 
a.  Image Captured    b. Cluster Detection  

 
 Fig 2.  Blob Algorithm. 

 

         
    Original Image                     Image captured 

          

         Blur Image  
Fig 2.  Gaussian Blur Algorithm. 

 
Now the monitor does the geometric 

transformation of the coordinates and then determines 
the shortest path between the robot and the garbage by 
locating the current position of the robot and the 

garbage and then calculating the distance between 
them. Fig. 2. Shows the basic concept of how cleaning 
takes place. Robot moves to the desired area and sucks 
the garbage using vacuum cleaner and makes a record 
of clean and unclean area and stores it in the secondary 
storage. 

 

 
 

Fig 2.  Concept of house cleaning. 

 

a) Cleaning  
The robot can easily navigate an area using the 

camera which is mounted on the roof and with the help 
of the vacuum cleaner attached to it clean the room.  

b) Defense  
The robot can keep a check on trespassers in 

an restricted area on an event of any movement can 
raise an alarm to alert the forces 

c) Autonomous Playing Robot 
The robot can sense the movement and hence 

can be modified to play games in which an object has to 
be traced or a ball ca be followed. 

d) Security 
It can provide security as it constantly captures 

the images and videos and can sense movements; it 
can be used to raise an alarm in case an unwanted 
movement is noticed. 

 

The implementation of Clean Robot will provide 
quick clean-up of spills and concentrated messes and it 
will be easy to use. Following are the advantages of the 
above system: 

 
a) Reach Remote Areas – It can clean in areas with 

hazardous environments; areas beyond the reach of 
humans as could be fatal. 
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 b)
 

Availability 24*7 –
 
A machine can be used anytime 

and anywhere, it does not
 
get tired and is never 

busy.
 c)

 
Cost Reduction –

 
Saves on labour costs and time, 

as a single machine can do the work of multiple 
labourers in lesser time.

 
d)

 
Record Maintained –

 
Maintains a log of cleaned and 

un clean area in the secondary storage.
 

 

The completion of this paper on “Cleaning 
Robot” has given immense pleasure and knowledge. 
We are sincerely thankful to Principal Dr R.D. Kanphade, 
Prof. P.D Ganjewar (HOD-COMP & IT), guide Prof. 
Umesh Talware who have cooperated with us at 
different stages during the preparation of this paper. 

Special thanks to my sister Namrata Prashar for 
her support and cooperation. 
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hrough this study we would like to underline the 
particulars of the IT System and business process 
requirements of IT Package need to be architected 

for better understanding of ongoing business in power 
utilities. This research details the requirements need to 
be addressed for better synchronization within current 
system and the upcoming IT solution.  

The objective of this research includes the study 
of current ongoing business process of power utilities 
and understands the business and administrative 
impact due to the IT system inclusion. This study will 
show the existing business process and how the current 
process will work in the forthcoming IT environment. 

 

The overall solution describes the required 
software modules need to be installed to run the 
business process for the purpose of the Subdivision 
Automation of State Electricity Departments in respect to 
the business functionality. This solution covers the 
functionality as mentioned and required in the 
Document as this is an advanced engineered office 
management tool. It is developed to manage all types of 
useful databases, analyzes them by applying standard 
concepts and implement them in a manner consistent 
with its purpose or design the logic of electrical 
engineering and subdivision level management in a 
modernize way. 

After a deep study of RAPDRP requirements 
and the difficulties of DISCOMs, our research has 
suggested the solution with additional amenities.    
DISCOMs related business functionality would be 
customized in the product on the base of the Document. 
 

Author

  

α

 

: Restructured Power Development and Reforms Programme, 
Rajasthan

 

Author

  

σ

 

: Research Scholar, Singhania University, Rajasthan

 

 
 
 
 

BPA solution is based on SOA (Service Oriented 
Architecture) and due to this it is easily mapped with the 
integration middleware for exposing the business 
functionality to external systems as well as to consuming 
the business functionality of external systems and other 
future needs which will be fulfilled by the installed 
hardware, networking equipments and storage devices 
for coming decades.

 

Features

 

:

 



 

Point to Point mapping of all ongoing business 
process

 



 

Flawless Integration of all Functions

 



 

Increase business Operational Efficiency 

 



 

Business Process Streamlining

 



 

Enhance Customer Service

 



 

Business Assessment Support for Strategic Issues

 



 

Business Revenue Augmentation

 



 

Process Scalability, Flexibility for future application 
integration

 

 

The scope of this research will not limited to the 
study of current business process but also give 
suggestions and recommendations on how to improve 
the productivity, scalability, reliability and flexibility with 
the use of Information Technology in Utility business.

 

 

This research will study following business 
process of the power utilities and

 

suggesting/Providing the solution for all

 

: 

 



 

Meter Data Acquisition

 



 

Energy Audit

 



 

New Connection

 



 

Disconnection & Dismantling

 



 

GIS based customer Indexing and asset mapping

 



 

GIS based integrated network analysis module

 



 

Centralized Customer Care Services

 



 

Management Information System (MIS)

 



 

Web Self Service

 



 

Identity and Access Management system

 



 

System Security Requirement

 

T 
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The business process solution has the 
capability to integrate with other Process Applications as 
per the requirement captured in system study and 
suggested by Document. The integration architecture of 

 Development of Commercial Database of 
Consumers

 Metering

α σ



 
 

  



 

Billing

 


 

Collections
 

 
Asset Management

 

 
Maintenance Management

 

 

During the study of the above listed modules we have segregated all of them into the following categories 
for better understanding of business process:    
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Solut ion 
Offer ings

Solut ion\System Features and Strengths

Fie ld /  
Subdiv is ion  
Automat ion 

 Bi l l ing  and co l lect ion
 New Connect ion/  D isconnect ion /  Load Ex tens ion
 Elect r ica l  Sys tem Augmentat ion
 Power  Network  Cont ro l
 Store & Inventory  
 Meter  Management
 Vig i lance & Enforcement  
 Revenue Sect ion
 Energy Audi t
 Consumer Gr ievance 

Advanced/  Smart  
Meter ing 
In f ras t ructure

 Two way Communicat ion
 Real  T ime Meter  s tatus ,  tamper detect ion,  Energy  Audi t
 Event  based Remote d isconne ct  funct ion
 Load Cyc l ing and Load l imi t ing funct ions
 Capabi l i t y  o f  t ime o f  use o f  ta r i f f
 In  bu i l t  Pre  Pa id System
 Moni to r ing of  Automat ic  Outages and i ts  res torat ion
 In tegrat ion  w i th  complete  IT  In f ras t ructure
 Cont r ibut ion in  bu i ld ing Smart  Gr ids.

AMR/  LT SCADA  GPRS based dev ices  that  are  h ighly  re l iab le  in  te rms o f  sca lab i l i t y  and 
per fo rmance

 Ident i f icat ion  o f  suspected cases fo r  thef t  or  p i l fe rage.  
 Remote swi tch ing (ON/OFF)  o f  the consumers  supply  th rough 

cent ra l ized SCADA sof tware 
 Moni to r ing of  capt i ve  d iese l  generator  sets  consumpt ion and operat ing 

hours ,  load pat terns  and other  important  parameters  
 Compar ison o f  consumpt ion of  two sources of  supply  to  moni to r  any  

unauthor ized e lect r ic i ty  ex t ract ion,  etc
 Moni to r  Capt ive  Power generat ion  ut i l i za t ion  by indust r ia l  cus tomers .

Energy Audi t  
Serv ices

 Addresses High AT & C Losses and Poor  Network in f ras t ructure .
 Based on f ie ld  proven methodolog ies  supported w i th  Indust ry  w ide 

benchmark ing.
 IT  based powerfu l  too ls  to  handle huge Databases and ex t ract  the 

usefu l  in fo rmat ion to  rev iew at  a l l  leve ls  o f  u t i l i t y .
 Data Secur i ty ,  in tegr i t y  remains  in tact  w i th  re l iab le  secur i ty  features .
 Data Ana lys is  supported by BEE cer t i f ied Energy Audi to rs .
 Serv ice Model  that  min imizes  the inves tment  requ i red by  the Ut i l i t y .
 Hierarch ica l  account ing fo r  per fo rmance t rack ing o f  E lect r ica l  System 

& Geographica l  Admin is t ra t i ve  Hierarch ies .
 Coverage o f  en t i re  Power  System Network

Integrated Energy  
Management

 Capture deta i led near  rea l - t ime consumpt ion data  for  each energy -
consuming process

 Transmits  data  e f f ic ien t ly
 Storage of  data  in  a secure,  cent ra l ized warehouse
 Prov id ing ana ly t ic  and operat iona l  funct iona l i ty  that  can fo recast  peaks  

and cont ro l  p rocesses based on th is  ana lys is .

Sub Stat ion  set  
up/  D is t r ibut ion 
Automat ion

 Techno logy and products  f rom a very  o ld  f i rm that  p layed v i ta l  ro le  in  
Amer ica ’s  rura l  e lect r i f ica t ion in  las t  60 -70 years .  

 High ly  re l iab le ,  l ine  mounted products  that  c reates  se l f  hea l ing 
networks ,  save land requ i rements ,  manpower  & cost  that  he lps  in  fas t  
ru ra l  e lect r i f ica t ion.  

 Enable  D iscoms to  re lease h igh vo l tage indust r ia l  connect ions  w i th  
huge sav ing in  costs .  



 
Following solution has come up during the initial system study:

   

 
 

 Object ive:  

 
The proposed system should serve the 

prospective consumers to avail the electricity supply 
from the Utility. At present, applicants register their 
requests in concerned Sub-Division for New Connection 
at their premises.

 The proposed system should aim at enhancing 
the customer‟s convenience, when an application for 
new connection is received. It should enable the 

customer to collect, submit applications, and deposit 
the demand amount at Consumer Section. The system 
should enable updating customer data to be captured in 
the GIS based customer indexing database in a reliable 
way. The system should ensure validates and checks 
whether the integrity of this data is maintained. Revenue 
Section should release the New Connection after 
completing all required activities, and send the 
consumer data for billing. This module should also 
check the customer record with existing consumer 
records (i.e. Defaulters and disconnected consumers). 

© 2012 Global Journals Inc.  (US)
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New Connection module should have 
integration with various set of services, some them may 
be common with other module

 
:
 

1.
 

GIS Based application for Feasibility Checking, VR 
Map & Report Generation

 

2.
 

Asset Management for issuing and receiving 
meter/item from the Store

 

3.
 

Billing application to generate new consumer‟s 
electricity bill

 

Object ive:  
 

This Module aims at improving recovery through 
a disciplined disconnection and dismantling mechanism 
that serves as a deterrent for defaulters.

 

It is capable of generating the defaulter 
consumer‟s list; i.e. the consumers who do not make 
their bill payment

 
by the due date or the date on which 

list is generated, whichever is later.  This module also 
generates the disconnection notices list automatically as 
per utility defined criteria, and dispatches disconnection 
notices to consumer via email. It is also capable of 
registering disconnection request made by consumer. 
Finally it updates the consumer status, which may affect 
the consumer‟s next billing.

 

This module should have integration with 
following applications:

 

1.
 

Dismantling Module provides the dismantling 
information for New Connection Module

 

2.
 

Asset Management for receiving the items/meter.
 

3.
 

Billing Application to generate the final bill.
 

4 .
 

GIS Application for updating dismantling information 
in GIS Database.

 

Object ive:
 

The main objective of MIS system is to have 
mainly two modes of Reporting

 

Basic Internal Reporting –
 

The system must 
provide basic low-cost, integrated reporting that does 
not require administration, external processors or 
external storage. Both real time reports and historical 
reports are required. Historical reports must be available 
for hourly or half hourly intervals. The proposed system 
must be capable of displaying reports on a video 
display terminal in real time or emailing them.

 

Custom Reporting -
 

Fast, easy creation of 
custom reports from scratch is required as is 
modification of existing reports to customize them for 
reporting purposes. Report customization must include 
the ability to create custom data items and define 
custom calculations.

 

 

Object ive:
 

The goal is to provide a high quality experience 
for the customers and business associates that will 
provide them a user friendly portal that will make it easy 
for them to communicate with the utility though the web 
instead of direct

 
phone calls or visits. This portal will also 

act as a source of information for the customers 
regarding policies and procedures. This in turn will 
improve customer satisfaction and reduce work load on 
the employees.

 

Web Self Service should provide the facility to 
the consumer to register complaints or lodge grievances 
himself online by creating his username. This facility 
should enable the consumers to get the access to the 
personalized form of application, where they can 
themselves lodge complaints and grievances, and get 
access to the varied useful information. 

 

This application should enable the consumer to 
register no-current complaints and grievances 
themselves. The user should be able to view all the 
personal information including his account number. The 
user should be able to view the details of all the Energy 
Bill payments made by him, his current bill, the 
information of complaints lodged by him in this 
application or lodged at CRM or at Customer Care 
Center for him. The user should be able to view the 
duplicate copy of his Current Bill, this can also be 
printed.

 

This application should have integration with 
following applications:

 

1.
 

CRM Application for processing of complaints and 
grievances.

 

2.
 

Customer Care Center for processing the 
complaints and viewing grievances.

 

3.
 

Billing Application for viewing and printing of 
Duplicate Bills.

 

 

Object ive:
 

Utilities are envisaging an enterprise level 
Identity and Access Management System which has 
features of Adapter/Connector

 
Support, Access Rights 

Capabilities and Access Control and other key features 
like Mechanism to essentially allow or deny specified 
user IDs to access

 
other key feature envisaged in the 

system are:
 

The Identity and access management solution 
shall support

 
two factor authentications (Biometrics, 

tokens etc.) The solution shall have feature to generate 
reports in the lines of ISO 27001 standard. The solution 
shall provide secure environment for transmitting

 

Information across the Internet. The Access 
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Management solution should be capable of running on 
web servers as well as application servers. 

 

The system must be capable of generating log 
trails, which contain details about any read / write 
access to sensitive data. Details must relate activity to 
an identifiable person. They must be configurable, so 
that filters and switches can be used to lower 
performance overheads and focus on areas of concern. 
It is important that the audit trail that is generated 

contain enough information to support after-the fact 
investigation of loss or impropriety. 

 

Database Migration and Data Store Creation 
has the structured process in which commercial data 
available in the DISCOMs, asset data and the data 
captured from GIS survey would be considered. The 
Data Migration and Data Store creation process follows 
the flow as illustrated in the diagram: 
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Meter Related Data

Energy Consumption Data

Payments Data

Advices(Sundry/Orders)

Billing Data

Commercial Database Creation

GIS and

Asset

Store

Consumer Data

Commercial Parameters

Assets

Geographical Information

Network Data

GIS and Asset Data Creation

GIS Survey

Existing Commercial Data

CRM DB MDM DBENMS

DB

Billing

DB

Initial Level

Migration for GIS

Initial Level Migration

GIS Survey

GIS & Asset Data

The Commercial Data Creation is done by using 
the existing Automated Data as well as for some cases it 
is done by using the approach of Data Punching. For 
the purpose of the Data Punching, Application provides 

the interfaces which internally create the commercial 
data in the same manner in which the Automated 
Process does.



 

 

As shown in the diagram the Data Migration 
and Data Store creation process has the following 
steps:

 

1.

 

Initially before starting the GIS Survey work, existing 
commercial data will be taken from

 

the discom for 
the particular town/location for which GIS Survey 
has to be done. The migrated existing data will be 
delivered to the GIS Survey Team for the Survey 
purpose.

 

2.

 

After the completion of the GIS Survey work, GIS 
Survey Team will provide the Survey Data to the 
Data Migration Team which will update the migrated 
data (Data prepared in Step.1). The GIS Survey 
Team will provide the Commercial, Technical and 
Asset Data.

 

3.

 

In the final step, the Data Migration Team will define 
a cut over date in consultation of the discom for the 
first billing from the IT Package for the particular 
Town/Location. At this time, Discom will again 
provide the Commercial Data which will be used for 
final data update

 

 

1.

 

R-APDRP, Power Finance Corporation of India –

 

2009-10

 

2.

 

Ministry of Power, Govt. of India –

 

2009-10

 

3.

 

JVVNL, Jaipur, Rajasthan –

 

2009-10

 

4.

 

ITIA, RAPDRP –

 

2010
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Training Need Analysis & Methodology for Using 
IT in Power Utility 

Utkarsh Seetha   

Abstract - 

 

he global competition and swiftness of changes 
emphasize the importance of human capital within 
organizations, as well as the swiftness and ways of 

knowledge gaining of that capital. In the economy where 
uncertainty is the only certainty, knowledge is becoming 
a reliable source of sustained competitive advantage. 
Knowledge is becoming basic capital and the trigger of 
development. Previously built on foundations of 
possessing specific resources and low costs, present 
day competition is based on knowledge possessing and 
efficient knowledge management. Modern organizations 
therefore use their resources (money, time, energy, 
information, etc.) for permanent training and 
advancement of their employees. Organizations which 
are constantly creating new knowledge, extending it 
through the entire organization and implementing it 
quickly inside the new technologies, develop good 
products and excellent services.  

Understanding the phenomenon of employee 
training requires understanding of all the changes that 
take place as a result of learning. As the generator of 
new knowledge, employee training is placed within a 
broader strategic context of global organizational 
management, as a planned staff education and 
development, both individual and group, with the goal to 
benefit both the organization and employees.  

Thus, the continuous employee training has a 
significant role in the development of individual and 
organizational performance. 

 

In this research we will find out the current 
strength and knowledge of the utility employees for 
adopting the new IT system. This will be done through 
Training Need Analysis (TNA).  

After TNA we will focused on the survey results. 
Based on the results we will develop the most adoptable 
and suitable training methodology which will help 
employees to adopt the change management and 
includes  proper   Knowledge   Transfe r (KT)  for  all  the 
 

Author

 

α

 

: Restructured Power Development and Reforms Programme

 
  

 

Current Department/Project

 

 

project areas.. This research details the project 
requirements, which are to be met by the applications 

and interfaces required between different hardware and 
software systems. 

 
The objective of

 

this research includes the 
software solution, availability, readiness for metering, 
billing, collection (MBC) and several other business 
processes of the utilities.

 

 
This research is intended to accomplish the 

requirements for the

 

RAPDRP project in terms of

 
a)

 

Training Need

 
b)

 

Objective of the Training

 
c)

 

Benefits of the Training

 
d)

 

Training Approach & Methodology

 
e)

 

Delivery Implementation and

 
f)

 

Training Impact Analysis.

 
This research will give a comprehensive step by 

step guidance, approach and methodology toward 
training for the Discom users over newly implemented IT 
system.

 
This training module covers 87 towns 

comprising of 185 Sub Division offices of Rajasthan 
Electricity Distribution Companies of RAPDRP area and 
Non-APDRP areas that constitute 24 circles with their 
respective Sub-divisions and other offices

 
Training is a learning process that involves the 

acquisition of knowledge, sharpening of skills, concepts, 
rules, or changing of attitudes and behaviors to enhance 
the performance of existing system.

 
The purpose of training needs is to identify 

performance requirements or needs within an existing 
system in order to help direct resources to the areas of 
greatest need, those that closely relate to fulfilling the 
organizational goals and objectives, improving 
productivity and business processes

 
 
 
 
 
 
 

T 
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 The needs assessment is the first step in the 
establishment of a training and development Program. It 
is used as the foundation for determining instructional 
objectives, the selection and design of instructional 
programs, the implementation of the programs and the 
evaluation of the training provided. These processes 
form a continuous cycle which always begins with a 
needs assessment. 

 In order to improve upon the business 
processes, resolve the bottlenecks of the existing 
system to ensure end to end visibility of each and every 
process, the Department has embarked on a key 
initiative aimed at the establishment of Systems and 
Processes to provide simplified, convenient, anytime 
and anywhere services to various stakeholders.

 
In addition, the there is a need to increase the 

focus of the Department‟s staff on developing core 
competence and enhancing their performance 
standards so that the system will be self sustained in 
coming years.

 
As per SRS and RFP of Power Finance 

Corporation, the training activity is divided into two 
categories:

 


 

Core team training

 


 

End user training

 
 The Detailed training structure will be as follows:
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Discoms Trainers TrainingCore Team Training

Technical Training

RAPDRP Project Training

OEM

ITIA Infra

ITIA

RMSI

Other Partners

Train the TrainerTechnical Training

Functional Training

ITIA & Partners

This is the training for the core group of 

implementation team of the Discom. The Discoms team 

will comprise of members from all the Business 

Functions and IT. Each member would be trained in the 

relevant function/module. This Training would be 

required to be given to approximately 9-12 personnel of 

Discom.



 

 

 



 

Certified Functional, Technical, System 
administration and Database management training 
for core team of Discom will be arranged by ITIA 
and OEMs.

 



 

The training has to be conducted using official OEM 
curriculum mapped with the applications to be 
implemented in the Discom.

 



 

The Training will be conducted at the Data Center of 
JVVNL Discom. 

 



 

The Training will be conducted by the Instructors of 
ITIA and OEMs 

 

The Core team training activity further divided 
into two parts:

 



 

Functional Training

 



 

Technical Training

 

Functional Training will be given by ITIA BPA team and Partners.

 

 

 

 

 

 

 

 

 

 

 

 

Technical Training will be given by ITIA team 
and OEMs

 

Technical Training activity further divided into two parts:

 

(i) -

 

System Administration Training

 

(Ii) -

 

Database Training

 

 

( i )  -

 

System Administration Training

 

 

 

 

 

 

 

( i i )  -

 

Database Training
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S.No. Tra in ing Team Modules Stage
01 Funct iona l  

T ra in ing
Core Funct iona l  Team 
Members  

As  per  the 
Appl icat ion,  
Documents 
prov ided by the 
IT IA

Before 
Implementat ion
Cont iguous t ra in ing 
dur ing 
implementat ion
Handhold ing dur ing 
post  ”Go L ive”  
Stage

S.No. Tra in ing Team Modules Stage
01 System 

Admin is t rat ion
Core Team 
Members  (ERP 
Appl icat ion 
Admin is t rators )

As  per  the 
Appl icat ion,  
Documents 
prov ided by the 
IT IA

Before Implementat ion
Cont iguous t ra in ing 
dur ing implementat ion
Handhold ing dur ing post  
”Go L ive”  S tage

S.No. Tra in ing Team Modules Stage
01 Database Admin is t rat ion Database 

Admin is t rators  
( IT  System 
Group)

As per  the 
Appl icat ion,  
Documents 
prov ided by the 
IT IA

Before 
Implementat ion
Cont iguous 
t ra in ing dur ing 
implementat ion
Handhold ing 
dur ing post  ”Go 
L ive”  Stage

This is also known as “End User” Training. ITIA 
will provide training to group of teams on a “Train the 
Trainer” basis. ITIA will train the group of trainers called 
“Master Trainer” which will then train all of the Discoms 
end user. 
 As per the SRS and RFP, ITIA will train approx 900 

Discom Trainers “Master Trainers” (300 per Discom)

 Each Discoms Master Trainer will further impart the 
training down the line

 These Discoms Master Trainers are champions and 
from all the business areas.

 To train these Master Trainers, ITIA will conduct 
Train the Training workshops.

 The workshop will be conducted at CCC of the 
Discom

Train the trainer workshop/training activity 
further divided into two parts:



 

 

 
 

 
 

 
 

 
 

 
 

 



 

Basic Computer Training

 



 

Role Base Training

 

 

1.

 

R-APDRP, Power Finance Corporation of India –

 

2009-10

 

2.

 

Ministry of Power, Govt. of India –

 

2009-10

 

3.

 

JVVNL, Jaipur, Rajasthan –

 

2009-10

 

4.

 

ITIA, RAPDRP –

 

2010
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Effort Distribution in COTS Components 
Integration: A Simulation Based Approach 

P K Suri  & Sandeep Kumar  

Abstract - Component Based Development lays emphasis 
upon composing software from pre-existing commercially off 
the shelf (COTS) components. Component repositories are 
searched for the existing components according to 
requirement specifications and then components are 
integrated in the system. Though all the components are 
important for the success of a Component Based Software, 
some of them may be more important than others. While 
distributing the cost, efforts, time and other resources, starting 
from component requirement specification to component 
integration, we need to differentiate between more and 
somewhat less important components and distribute the 
resources accordingly. In this paper we have developed a 
simulator for identifying the critical components in a 
component based system for optimum distribution of the 
resources while integrating the components in the system. 
This simulator can be used to plan the distribution of available 
resources in a better way. This will help to overcome the 
problems of cost and time overrun while integrating and 
deploying components in a Component Based System (CBS). 

Keywords : Component Based Software, COTS, 
Simulation, Component Integration and Deployment, 
Erlang 

 

lthough Component Based Software Engineering 
is new paradigm in software engineering, it may 
be likened to traditional engineering branches like 

civil or mechanical engineering, where emphasis is not 
laid on developing as such; rather it is on designing and 
composing. Almost similar approach is followed by the 
Component based software engineering where instead 
of developing the application from scratch, pre-
developed and pre-tested black box components are 
integratedtogether to compose a new software. Due to 
this reasonthese black box components are also known 
as Commercially–Off-The-Shelf (COTS) components [1]. 
This is so because they are developed by someone else

 

and used by someone else. Every component has some 
clearly defined interfaces. 

 

Through these interfaces it takes services from 
other components and provides services to other 
components. 

 
This   give 

 
and 

 
take

   
of   the   service

  
by
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components is called interaction [2]among 
components. But before the components can interact 
with each other, they must be integrated together. 
Process of integrating the components in a component 
based system is not as easy and straightforward as it 
seems to be. Existing components may be part of some 
other applications. From there they are collected into 
component repositories. Depending upon the 
requirements of the current application, component 
repositories are searched for the required components. 
Different components may be found in different 
repositories. Then these components are integrated 
together to compose a new application. This process is 
shown in fig.1.  

So developing Component Based Software 
does not mean developing everything afresh. One thing 
that is very important here is that sometimes it may 
happen that no component satisfying the user 
requirements is found in any of the component 
repositories; in that case we may have to develop a new 
component. Although developing a new component 
follows the usual procedure of developing any software 
module, here wewill assume that we don‟t need to 
develop any new components, rather we have all the 
required components in one or the other repositories 
and we only need to identify and search them according 
to our requirements and then integrate them in the 
system. Finding a component that meets the user 
requirements in itself is a tedious task and involves 
many activities. Composing existing components to 
form a new application follow certain predefined 
procedure. This procedure consists of many steps [3], 
[4], [5], [6]. Although different researchers have given 
different models of composing component based 
software, there are certain things where almost all of 
them agree upon.  

There are following six broad activities that are 
essential for component integration: 
a) Component Requirement Specification 

b) Component Requirement Review 

c) Component Identification and Selection 

d) Component Adaptation 

e) Component Integration 

f) Component Deployment 

 

 

A 
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A brief description of these activities is given below.

a) Component Requirement Specification
This isconcerned with providing a formal 

α σ



  

 
  

Component Repository

 

New Application 1

 

New Application 2

 

New Application M

 

Application 1 1

 

Application 2

 

Application N 

 

Fig.1.Storage and Searching of COTS Components

 

 

 

  

documented consensus regarding the requirements, 
scope and boundaries of a software component [15]. It 
is important to document customer‟s vision of the 
component after analyzing the customer requirements. 
Depending upon the customer‟s requirements, an 
existing component may be reused or may be adapted 

for reuse. In the worst case a new component may have 
to be developed. This is a very important phase 

because quality of the component selected and ability of 
the component to perform a specified task depends 
upon how well the requirements have been understood 
and documented. 

 

b)

 

Component Requirement Review

 

Every software component has a clearly 
specified functionality. Conceptual Design of a 
component and its functional requirements are specified 
in component requirement specification document. It is 
very important that requirements specified in this 
document are complete, adequate, without any 
ambiguity, feasible to implement and consistent with the 
intended component. To avoid any problems related 
with these attributes, it is important that all the parties‟ 
involved in component selection, integration and 

deployment review the requirements thoroughly[14]. In 
this phase all the component related requirements are 
reviewed by stakeholders.

 

c)

  

Component Identification and Selection

 

Success of a Component Based Software 
depends a lot upon our ability to select a suitable 
component according to user requirements

 

[8], [9], 
[10], [11]. This selection and identification process 
involves four steps [4]: Search, Screen, Evaluate and 

Analyse. The search process may give a list of many 
candidate components and it becomes very important 
to select best suited component. One such technique of 
component selection is given by Suri et al in [12]. 

 

d)

 

Component Adaptation

 

All the components that have been selected 
using the Component integration and selection process 
may have been developed using different platforms, by 
different teams of people for different applications. So it 
is very important that component services are provided 
through a standard published interface so that 
components are able to interoperate. Practically it is 
quite difficult to find a software component that can fulfill 
the hundred per-cent user requirements. So it becomes 
very important to adapt the component for the present 
application. Rine et al [13]have proposed the use of G
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adapters to adapt the components according to present 
application.

e) Component Integration

Next job is to integrate the components so that 
they can interact with each other. Vigder [16]identified 
three important components of the component 
integration. These are: Wrappers, Glue and Component



  

 

  

 

Tailoring. Through wrappers, underlying components 
are isolated from other components in the system. Glue 
provides the functionality to combine the components 
and through Component Tailoring, functional ability of a 
component is enhanced. Testing and validation are also 
part of the component integration process. Components 
may have been tested earlier but it is very important to 
test them for the present application too. Generally 
internal structure of a component is not known so most 
appropriate for testing the components is Black Box 
Testing[1],[17], [18]. Also it is very difficult to test all the 
components when number of components in the system 
is very large. This search space can be reduced using a 
technique proposed by Suri and Kumar[19].

 

f)

 

Component Deployment

 

According toNing[20], deployment involves 
packaging components so that they can connect , 
disconnect and reconnect at runtime. A tool called 
packager is proposed for the purpose.

 

 

Each component based system may consist of 
hundreds to thousands of components. These 
components are developed using different technologies 
on different platforms. Depending upon the user 
requirements, component libraries are searched for the 
suitable components. Once suitable components are 
found, they are integrated or composed to create the 
system. While integrating these components in a 
Component Based System (CBS), we need to put in 
efforts and resources in each step or activity that leads 
to component integration. All components of a CBS are 
not equally important. So that the available resources, 
time, efforts can be utilized optimally, it is important that 
a plan of the schedule of component integration be 
prepared. This plan must contain the details of the 
efforts, may be in person-hours, to be put

 

in various 
component integration activities. There are certain 
components that are heavily loaded as compared to 
other components because they need to be accessed 
more frequently for getting some job done. For example 
the initial component, that provides an interface to the 
user for the input, is accessed every time user has to 
work on the system. Similarly, the component that get 
output to the user is also accessed each time user 
needs an output. There may be other components in the 
systems that are not accessed so frequently. It is very 
important to identify these critical components so that 
they can be allotted more time and efforts. Identifying 
such components is the main theme of this paper.

 

 

Here a Component Based System is 
represented with the help of an activity network. The 
network consists of nodes and edges. Nodes in the 
network represent the individual components of the 

system. Edges represent the flow of execution between 
various components. An edge from component Ci

 

to 
component Cj

 

represents an interface link („provide‟ or 
„gets‟ interface) from Ci

 

to Cj. Many components in 
sequence starting from the first component and 
terminating into the last component make an interfaces 
path. To achieve an artifact result, execution starts from 
the first component that provides a user interface. The 
control keeps transferring from one component to 
another, through interface links. When a component is 
integrated in the CBS, six activities:

 

Component 
Requirement Specification, Component Requirement 
Review, Component identification and selection, 
Component Adaptation, Component Integration and 
Component Deployment

 

are to be performed, in that 
order. These activities are stochastic in nature because 
time taken by each of these activities and efforts 
required in fulfilling these activities are distributed 
exponentially. If we assume that on average, each of 
these six activities take constant efforts (say β), then 
effort required for integrating and deploying a 
component is governed by Erlang-6 distribution [24]. 
Because if there are k independent stochastic random 
variables v1, v2, v3,…..vk, having same exponential 
distribution.

 

f(vi) = µkeµkv
igiven that vi>0; µ> 0 and k is a positive 

integer, then

 

V = ∑vi

 

is governed by Erlang distribution.

 

So all six stochastic variables so obtained are 
composed using above formula and then weight so 
obtained is assigned to the corresponding component. 
Weight assigned to a component is distributed equally 
among all interface links terminating into that 
component node. This weight computed is governed by 
Erlang-6 distribution. Because efforts required for 
integrating each component are stochastic and not 
deterministic in nature, it will be erroneous to assume 
single effort estimate for the each component‟s 
integration. Due to stochastic nature of the component 
integration efforts, we take three types of effort estimates 
as

 



 

Minimum Effort Estimate (Emin): The minimum 
possible efforts required for integrating the 
component. We

 

will require minimum efforts if 
everything goes well, there are no employee 
switchover, and no new requirements, no conflicting 
requirements and we are in an ideal situation. 
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 Maximum Effort Estimate (Emax): The maximum 
possible efforts required for integrating the 
component. This is the effort requirement when 
everything goes bad. 

 Normal Effort Estimate (Enor): This is the effort 
required if the component is integrated under 
normal circumstances. All practical problems that 
may arise have been considered.

Taking these three types of efforts into 



  

 

 
 

 

consideration following may hold true for Mean Efforts 
Required (µ) and Standard Deviation (σ)

 

Mean of Efforts (µ) = (Emin

 

+ 4*Enor

 

+ Emax)/6

 

Standard Deviation (σ) = (Emax

 

–

 

Emin)/6

 

Variance = (σ)2

 

 

Each activity of component integration process 
is stochastic in nature. As we have assumed that efforts 
required in performing each activity follow beta 
distribution, it is possible to identify the critical 
components along one interface path. But sometimes 
results given by this process may be wrong. In many 
cases we can assume that efforts required are available 
in the form of a discrete or continuous frequency 
distribution. In some cases in addition to the 
components along critical interface

 

path there may be 
other components that are near critical and are also 
important and need a fair share of the time and efforts. 
In this case total efforts required along near critical path 
may be slightly less than the critical path, but quite 
possible that may have happened because the variance 
along the near critical path is slightly more than the 
critical path. So it is important that near critical path is 
also tested because if we run the simulator for many 
number of times, then near critical components may 
also sometimes become critical. This is why simulation 
as a tool has been used for identifying the critical 
components.  

 

  

Following assumptions have been made for the 
proposed simulation model

 

:

 



 

Each node of the network represents a 

     

component.

 



 

Directed edge from component Ci

 

to component Cj

 

means that a „provides‟ and/or „gets‟ relationship 
exist between these two components.

 



 

Integrating each component involve six phases 
(component requirement specification, component 
requirement review, component identification and 
selection, Component Adaptation, Component 
Integration, Component Deployment).

 



 

Effort required in carrying out each of these phases 
is constant and exponentially distributed.

 



 

Effort required in integrating and deploying each 
component

 

is governed by Erlang-6 distribution.

 



 

All the components (nodes) are assigned numbers 
in topological order according to Fulkerson‟s i-j 
rule[23].

 



 

Any execution in the CBS starts with the first 
component that provides an interface to the user 
and terminates with nth interface that provides the 

final output

 

interface. In between many components 
are accessed along different interface paths.

 



 

Each component is assigned a weight which is 
effort required in integrating corresponding 
component.

 



 

All the interface links terminating into a component 
node are assigned the equal weight. This weight is 
equal to the weight assigned to the component 
towards which these links are directed/ number of 
components.

 



 

Total weight W is the sum of all link weights along a 
path and represents the total efforts required in 
integrating all the components along that path.

 



 

Path with maximum total weight is a critical path and 
all the components that fall along that path are 
critical components. All the interface links along this 
path are

 

also critical interface links. 

 

  

ORIGIN[ ]:

  
 

Array containing originating 
component number of all the 
execution links.

 

TERMINAL[ ]:

 

Array containing terminating 
component number of all the 
execution links.

 

S

 

:

 

Starting or First Component of the 
CBS.

 

F

 

:

 

Finishing or Last component of the 
CBS

 

ORIGIN[i]: 

 

Originating (tail end) Component of 
link i.

 

TERMINAL[i]   :

  

Terminating (head end) Component 
of link i.

 

WT[i]

 

           :

  
 

Array containing weights assigned 
to all the interface links.

 

LSW[i]

 

           :

  

Least cumulative starting weight of 
link i.

 

LTW[i]             :

 
  

Least cumulative terminating weight 
of link i

 

MSW[i]           :

  

Most cumulative starting weight of 
link i.

 

MTW[i]

 

           :

  

Most cumulative terminating weight

 

of link i.
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MinCW[j]        : Minimum weight that can be 
assigned to component j.

MaxCW[j]        : Maximum weight that can be 
assigned to component j.

M : Number of components in the CBS.
N : Number of interface links in the 

system.
Crit_M[j]: Criticality index of the jth component

Crit_N[i] : Criticality index of the ithinterface
link.



  

 
  

  
 

   
   

 
 

 
 

 
 

  
 

  

One of the most important question that arises 
during the effort and resource allocation is that which 
are the components and interfaces in the system that 
are most important for the overall working of the system, 
so that they can be allocated efforts and resources in 
bulk. These are the components and interfaces that fall 
along the path that has got the maximum weight of all 
possible paths. This path is called the critical path and 
components and interfaces along that path are called 
critical components and critical links respectively. 
Pseudo code below

 

in this

 

section

 

describes the 
process to find the critical components and interfaces. 
In this process first we move in the forward direction in 
the network of components. While moving in the forward 
direction we compute the least cumulative terminating 
weights of all the

 

links by adding link weights to their 
least cumulative starting weights. At the end of the 
forward process we compute the minimum weight that 
can be assigned to the Mth component (output interface 
component). Next we traverse the network in backward 
direction finding most cumulative starting weight of each 
link by using most cumulative terminating weight and 
link weights. The procedure is describes as follows:

 

1.

 

Initially assign weights to all the interfaces or 
execution links. These weights are generated using 
a random number generator. Samples so generated 
follow Erlang-6 distribution. Theseweights are stored 
in the array WT[i], for i = I to N.

 

2.

 

Traverse the component network in forward 
direction.

 

a.

 

Set the minimum component weight MinCW[j] for all 
components ( j = 1 to M) to zero.

 

b.

 

Each component node may have many execution 
links terminating into it. Once all the execution links 
enter into the present component, compute the 
minimum component weight. This is equal to the 
maximum of the weights of all the execution links 
entering into that component node. Call it MinCW[j] 
for the jth component. By definition MinCW[1] is 
zero.

 

This process is repeated for all combinations of 
links and components and finally minimum component 
weight of last component i.e. Mth component is 
computed. Call it MinCW[M]. Assign this to W (this is 
sum of weights of all components along that path).

 

3.

 

Traverse the component network in backward 
direction.

 

a.

 

Assign the minimum component weight computed 
in step 2 to the last component of the network, call it 
MaxCW[M] = W. This weight is also assigned as 
maximum terminating cumulative weight of all links 
terminating into Mth component i.e. MTW[all 
execution links terminating into M] = MaxCW[M]. 

Moving further maximum starting weight of link N is 
computed as MSW[N] = MTW[N] –

 

WT[M].

 

b.

 

Moving further backwards, maximum starting 
cumulative weight of each execution link is 
computed as MSW[i] = MTW[i] –

 

WT[i].

 

c.

 

Next, maximum weight that can be assigned to a 
component „j‟ is computed. Call it MaxCW[j]

 

d.

 

Compute

 

maximum terminating weight MTW of all 
the links starting from component j. They are 
assigned the value MaxCW[j].
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All the components for which MaxCW = 
MinCW, are critical components and form a critical path. 
Similarly all the interface links that are part of this critical 
path are critical interface links.This algorithm is repeated 
many times, each time for a different set of random 
weights assigned to the execution links. This is done to 
accommodate the error element, E. Due to this error 
sometimes, components that may have remained near 
critical in some previous run, may become critical in 
some other simulation runs. This way we can find out 
how many times a particular component and interface
link becomes critical. More number of times a 
component becomes critical, more efforts we need to 
put in while integrating this component in the system to 
safeguard our system from failure. Same is true for 
interface links too.  Formally the algorithm is described 
in fig.2.

a) Case Study 1
We experimented with the simulator developed 

in C Language over Window 7.0 Platform using 
DosBox0.73. Two case studies for experiment were 
conducted. In the first case study, a CBS consisting of 8 
components was considered. The execution flow 
through interface links of the CBS is shown in figure 3. 
There are a total of 11 interface links and 8 components 
in this system. Each component in the system is 
integrated using six steps described above. Each 
interface link connects two components. At the tail end 
of the interface is the originating component and at the 
head end is terminating component. The details about 
originating components, terminating components and 
criticality indices of each interface link are given in table 
1. Table 2 contains the information about criticality 
indices of the components. This information is also 
depicted in graphs in fig. 4 and fig. 5 respectively. 

b) Case Study 2
For the second case study, we have taken a 

CBS with eight component nodes and 13 interface links. 
The graphic representation of the system is shown in fig 
5. Table 3 contains information about the originating and 
terminating component of each interface link and also 
the criticality indices of the interface links after the 
simulation run are performed 1000 times. Table 4 
contains the criticality indices of different components 



  

1.

 

Input the values

 

for RUNS, N, M, E and Populate 

arrays ORIGIN[] and TERMINAL[] accordingly.

 

2.

 

for i = 1 to N  (Set Crit_E[i] = 0)

 

3.

 

for j = 1 to M (Set Crit_E[j] = 0)

 

4.

 

for x =1 to RUNS repeat steps 5 to 9 in step of 1.

 

5.

 

fori = 1 to N (Generate random variants and store 

them in array WT[i]).  

 

6.

 

Start forward pass

 

a.

 

Set MinCW[1] = 0  

 

b.

 

Compute MinCW for all component 

nodes as follows

 

i.

 

LSW[i] = MinCW of the node at 

tail end

 

ii.

 

LTW[i] = LSW[i] + WT[i]

 

iii.

 

MinCW[j] = max{LTW(all 

interface links terminating into 

component node j)}

 

7.

 

Start Backward Pass

 

a.

 

Assume MaxCW[M] = MinCW[M] 

(MinCW[M] was computed in forward 

pass).

 

b.

 

fori = I to N ( MTW [i] = MaxCW of the 

node at head end).

 

c.

 

MSW[i] = MTW[i] –

 

WT[i]

 

d.

 

Compute MaxCW for all component 

nodes (except last node, M) as follows

 

MaxCW[j] = min {MSW(all links 
originating from component j)}

 

8.

 

Update Criticality index of interface links

 

If (MSW[i] –

 

LSW[i] <= E (Increment 
Cri_E[i] by 1)

 

9.

 

Update Criticality indes of Component node

 

If (MaxCW[j] –

 

MinCW[j] <= E (Increment 
Cri_C[j]] by 1)

 

10.

 

for I = I to N (Print Crit_E[i]).

 

11.

 

for j = I to M (Print Crit_C[j].

 

12.

 

Stop.

 

 

 

 

  

  

  

 

 

  

 

for 1000 simulation runs. Criticality indices of interface links and components are also depicted in fig. 6

 

and 

fig.7

 

respectively.

 

 

 

Fig.2.

 

Algorithm for finding Critical components and 
Interface Links
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Interface  
Link 

Originating 
Component 

Terminating 
Component 

Mean Weigh 
(Efforts) 

Standard 
Deviation 

Criticality 
Index 

A 1 2 µ1 σ 1 .912 
 

B 1 3 µ2 σ 2 .260 
 

C 2 3 µ3 σ 3 .610 
 

D 1 4 µ4 σ 4 .912 
 

E 3 5 µ5 σ 5 .958 
 

F 4 5 µ6 σ 6 .610 
 

G 4 6 µ7 σ 7 .000 
 

H 5 7 µ8 σ 8 .502 
 

I 5 6 µ9 σ 9 .499 
 

J 6 8 µ10 σ 10 .500 
 

K 7 8 µ11 σ 11 .502 
 

 

 

 

 

 

 

 

 

 

Fig.3. CBS Component Network 1 

 

Table1. Originating Component, Terminating Component and Criticality Indices of Interface Links. 
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Fig.4.
 

Graph of Criticality Indices of Interface 
Links

 

 

Fig.5.
 
Graph of Criticality Indices of Components

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 5 6 7 8

C
o

m
p

o
n

e
n

t 
C

ri
tic

a
lit

y 
In

d
e
x

Component Number

Component

 

Criticality Index

 

 

1

 

1.0

 

 

2

 

.912

 

 

3

 

.938

 

 

4

 

.061

 

 

5

 

1.0

 

 

6

 

.500

 

 

7

 

.629

 

 

8

 

1.0

 

 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

A B C D E F G H I J K

In
te

fa
c
e
 L

in
k 

C
ri
tic

a
lit

y 
In

d
e
x

Component Interface Links

Table 2.

 

Component Criticality Indices
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Fig.6. CBS Component Network 2 

 

Interface  
Link 

Originating 
Component 

Terminating 
Component 

Mean Weigh 
(Efforts) 

Standard 
Deviation 

Criticality 
Index 

A 1 2 µ1 σ 1 .970 

B 1 4 µ2 σ 2 .026 

C 2 3 µ3 σ 3 .031 

D 2 4 µ4 σ 4 .918 

E 2 5 µ5 σ 5 .021 

F 3 7 µ6 σ 6 .031 

G 4 5 µ7 σ 7 .940 

H 4 6 µ8 σ 8 .004 

I 5 6 µ9 σ 9 .469 

J 5 7 µ10 σ 10 .491 

K 5 8 µ11 σ 11 .004 

L 6 8 µ12 σ 12 .474 

M 7 8 µ13 σ 13 .523 

 

 

 

 

 

 

 

Table 3. Originating Component, Terminating Component and Criticality Indices of Interface Links. 
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Table 4.

 

Component Criticality Indices
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Fig.7.

 

Graph of Criticality Indices of Interface 
Links
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From above discussed case studies 1 and 2 
important conclusions were drawn. In the first case 
study it was found that interface links A, D and E are the 
most critical interface links. These links provide 
interfaces between components 1-2, 1-4 and 3-5 
respectively. Links C (2-3) and F (4-5) are also important 
but not as important as A,D and E. Interface Link G (4-5) 
is the least critical link. Out of 8 Components of the CBS 
Components 1,2,3,5 and 8 are most critical and we 
should allocate most of the resources

 
and efforts

 
while 

integrating and deploying these components in the 
system. Similarly in case study 2, we found that interface 
links A (1-2), D (2-4) and G (4-5) are the most critical 
ones and H (4-6) and K (5-8) are the least critical. As far 
as components are concerned, components 1,2,4,5,8 
are the most important for the overall success of the 
system and a good number of efforts must be put in 
while integrating them. 

 

So as we saw this simulator can be a handy tool 
for the project team that has to decide on  how much 
efforts, time and cost should be put in while 
specification and review of requirements and 
identification, selection, adaptation, integration and 
deployment of the different components in a component 
bases system.    

 

Fig.8. Graph of Criticality Indices of Components  
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Abstract - This paper presents a component based 
development (CBD) model for each iteration of software 
development. Risk management is a major part of software 
planning and risk tracking is one of the important functions of 
risk management and without proper tracking, it is quite 
difficult to control risk. Software industry is more deeply in 
recent years about it. From the beginning of the development 
to the end of the development assessing the software quality 
and assurance of software quality become an important, with 
this regards in this proposed paper a novel evolutionary 
algorithm is used for a feasible solution.  

IndexTerms : TELOS, Risk Analysis, Risk Tracker, CBD. 

 

n the last two decades, constrained optimization 
problems (COPs) have received much attention by 
most researchers and practitioners. The models for 

most real-world applications are established in the form 
of constraints imposed upon the objective function. In 
General, most of constraint handling techniques 
previously discussed will inevitably solve two important 
problems: (1) how to generate the feasible solutions, (2) 
how to direct the search to find the optimal feasible 
solution. And Risk management is also a major part of 
software planning and risk tracking is one of the 
important functions of risk management. Without proper 
risk tracking, it is quite difficult to control risk while 
developing any software. A component based model is 
presented for recognizing the characteristics of diverse 
information extracted from solutions. Simultaneously in 
the component based model, the interrelationship 
between each dimensional component (i.e. decision 
variable) of solution and constraints is revealed. A novel 
measurement of feasibility is defined[1]. Different from 
traditional measurement, the definition in this research 
paper is only related to a component of solution along 
with risk occurred during development phase and risk 
tracking is one of the proposed solution in this paper. 
The feasibility of components is measured so as to 
direct which component needs to be transformed at a 
lower cost.  
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A feasibility study is an evaluation of a proposal 
designed to determine the difficulty in carrying out a 
designated task. Generally, a feasibility study precedes 
technical development and project implementation. In 
other words, a feasibility study is an evaluation or 
analysis of the potential impact of a proposed project. 
Five common factors (TELOS) 

a) Technology and System Feasibility 
     The assessment is based on an outline 

design of the system requirements in terms of Input, 
Processes, Output, Fields, Programs, and Procedures. 
This can be quantified in terms of volumes of data, 
trends, frequency of updating, etc. in order to estimate 
whether the new system will perform adequately or not. 
Technological Five common factors (TELOS) 

b) Technology and System Feasibility 
     The assessment is based on an outline 

design of the system requirements in terms of Input, 
Processes, Output, Fields, Programs, and Procedures. 
This can be quantified in terms of volumes of data, 
trends, frequency of updating, etc. in order to estimate 
whether the new system will perform adequately or not. 
Technological feasibility is carried out to determine 
whether the company has the capability, in terms of 
software, hardware, personnel and expertise, to handle 
the completion of the project. 

c) Economic Feasibility 
 Economic analysis is the most frequently used 
method for evaluating the effectiveness of a new 
system. More commonly known as cost/benefit analysis, 
the procedure is to determine the benefits and savings 
that are expected from a candidate system and 
compare them with costs. If benefits outweigh costs, 
then the decision is made to design and implement the 
system. An entrepreneur must accurately weigh the cost 
versus benefits before taking an action. Cost Based 
Study: It is important to identify cost and benefit factors, 
which can be categorized as follows: (1) Development 
costs; and (2) Operating costs. This is an analysis of the 
costs to be incurred in the system and the benefits 
derivable out of the system. Time Based Study: This is 
an analysis of the time required to achieve a return on 
investments and the benefits derive from the system. 
The future value of a project is also a factor. 

I 
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d) Legal Feasibility 
     Determines whether the proposed system 

conflicts with legal requirements, e.g. a data processing 
system must comply with the local Data Protection Acts. 

e) Operational Feasibility 
     Is a measure of how well a proposed system 

solves the problems, and takes advantages of the 
opportunities identified during scope definition and how 
it satisfies the requirements identified in the 
requirements analysis phase of system development. 

f) Schedule Feasibility 
     A project will fail if it takes too long to be 

completed before it is useful. Typically this means 
estimating how long the system will take to weaknesses 
of the waterfall model. It starts with an initial planning 
and ends with deployment with the cyclic interaction in 
between. The iterative and incremental development is 
an essential part of the Rational Unified Process, the 
Dynamic Systems Development Method, Extreme 
Programming and generally the agile software 
development frameworks[2][3].  

 

     Iterative development slices the deliverable 
business value (system functionality) into iterations. In 
each iteration a slice of functionality is delivered through 
cross-discipline work, starting from the model 
requirements through to the testing deployment. 

 

Fig. 1. Iterative cyclic software development process 

The unified process groups Iterations into 
phases: Inception, Elaboration, Construction, and 
Transition. 
 Inception identifies project scope, risks, and 

requirements (functional and non-functional) at a 
high level but in enough detail that work can be 
estimated. 

 Elaboration delivers a working architecture that 
mitigates the top risks and fulfills the non-functional 
requirements. 

 Construction incrementally fills-in the architecture 
with production-ready code produced from analysis, 
design, implementation, and testing of the 
functional requirements. 

 Transition delivers the system into the production 
operating environment. 

 

Fig. 2. Iterative software development 

 

In development process risk analysis and 
management is a major part of software planning and 
risk tracking is one of the important functions of risk 
management without proper tracking, it is quite difficult 
to control risk. In this proposed model software risk 
tracking is an important function of software risk 
management. It is not sufficient to identify risk, prioritize 
them, generate risk plan and provide assessment about 
probability of risk but it is important to track them for 
controlling. So a strategy is proposed to development 
using risk tracking Pareto Distribution[4]. Risk tracking 
diagram is given below. 

In development process risk analysis and 
management is a major part of software planning and 
risk tracking is one of the important functions of risk 
management without proper tracking, it is quite difficult 
to control risk. In this proposed model software risk 
tracking is an important function of software risk 
management. It is not sufficient to identify risk, prioritize 
them, generate risk plan and provide assessment about 
probability of risk but it is important to track them for 
controlling. So a strategy is proposed to development 
using risk tracking Pareto Distribution[4]. Risk tracking 
diagram is given below.  
  
 
 
 
 
 

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
T
ec

hn
ol
og

y 
 V

ol
um

e 
X
II
 I
ss
ue

  
II
I 
 V

er
si
on

 I
 

  
  
   

  

46

  
  

20
12

©  2012 Global Journals Inc.  (US)

Fe
br

ua
r y



 
 
 
 
 
 
 
 
 

 
 
 

Fig 3.  Risk Tracking 

     During data collection about the risk, top 
nine risks which effect the development of software are 
identified. 

1. Business Domain,  
2. Communication, 
3. Customer, 
4. Environmental/Natural cause, 
5. Project Management, 
6. People/ HR, 
7. Quality Process,  
8. Technology,  
9. Infrastructure.   

Algorithm steps for development of software 
risk tracker (Risk tracker Algorithm) 
1. Input the data related to different risk type   and 

categorized them into different classes. 
2. Check the severity of risk based on risk description, 

it may be low, medium, high or very high. 
3. Determine impact and Loss Expected (LE). It is 

calculated in rupees in terms of impact and their 
consequences. This may be one time of low impact, 
two times of medium, three times of high and four 
times of very high risk. LE = impact* 10K 
consequences Rs. 

4. Now rank risk from 1 to 5 on the basis of highest to 
lower LE using Pareto Distribution. This will ranks 
the risk on the basis of LE.  

5. Plot the bar chart of risk and their LE which 
considers impact and consequences. 

 

A component based model is presented. Two 
main technologies are studied in this model extraction 
and partition technology. The former is used to realize 
which component of a solution needs to be transformed 
at a smaller cost, and the latter is for directing the 
transformation of the infeasible component into the 
feasible one. 

a) Extraction Technology 
     For a constrained optimization problem, 

each constraint is only correlative with certain 

components, namely, each component only impacts 
upon some specific constraints. Therefore, the 
interrelationship between each dimensional component 
of solution and constraints is revealed.  

g01: Min 
4 4 13

2

1 1 5

( ) 5 5i i i
i i i

F x X X X
  

      

g1(x) = 2x1 + 2x2 + x10 + x11 − 10 ≤ 0 

g2(x) = 2x1 + 2x3 + x10 + x12 − 10 ≤ 0 

g3(x) = 2x2 + 2x3 + x11 + x12 − 10 ≤ 0 

g4(x) = −8x1 + x10 ≤ 0 

g5(x) = −8x2 + x11 ≤ 0 

g6(x) = −8x3 + x12 ≤ 0 

g7(x) = −2x4 − x5 + x10 ≤ 0 

g8(x) = −2x6 − x7 + x11 ≤ 0 

g9(x) = −2x8 − x9 + x12 ≤ 0 

Where0 ≤ xi ≤ 1(i = 1, ..., 9), 0 ≤ xi ≤ 100(i = 10, 11, 
12) and 0 ≤ x13 ≤ 1. 

The optimum satisfied where f(x*)=−15. The 
first dimensional component x1 appears in some 
inequality constraints including g1, g2 and g4. It means 
that the change to x1 will impact on whether the 
constraints (g1, g2, g4) are satisfied or not. By analogy, 
the correlative constraints of each dimensional 
component in this test function can be deduced in Table 
I. Supposing the correlative constraint set of the ith 
dimensional component is marked as CRGi. The 
population size is represented as Np and the dimension 
of constrained problem is D. After the above deduction, 
it is known that the ith dimensional component needn’t 
to change when all correlative constraints are satisfied, 
or this component should change when there is at least 
one correlative constraint isn’t satisfied. However, if the 
correlative constraint set is empty, it means that the 
feasibility measure of solution isn’t relevant to this 
component. In order to determine whether the 
component to change, some definitions are given. 

Definition 1 (Feasible Component) 

For  xi   X, i  =  1, ..., D,   gj   CRGi,  if  
max[0, gj ]  =  0, 
then xi is a feasible component. 

Definition 2 (Infeasible Component) 

For  xi  X, i  =  1, ..., D,   gj CRGi,  if  
max[0, gj ] ≠  0, 
then xi is an infeasible component. 

Definition 3 (Feasible Solution) 

For Xi, i = 1, ..., Np,  xjXi, if xj is a feasible 
component, then Xi is a feasible solution. 

Definition 4 (Infeasible Solution) 
For Xi, i = 1, ..., Np,  xjXi, if xj is an infeasible 

component, then Xi is an infeasible solution.  

© 2012 Global Journals Inc.  (US)
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  RISK TRACKING

Mechanism tracking techniques, 
tracking tools, Risk Database

Input: Scenarios 
Thresholds Risk 
Status. 

Output:

Measures
Metric Triggers

Controls project measures, project requirement, 
and Risk management plane



According to these definitions, a feasible 
solution is constituted by feasible components, and an 
infeasible solution maybe constituted by feasible and 
infeasible components. Therefore, the infeasible solution 
merely needs to be modified its infeasible components 
for transforming into feasible solution; the rest feasible 
components don’t need change. 

b) Partition Mechanism 
     Based on the various dimensional 

components, partition mechanism is applied to direct 
the transformation of infeasible component into feasible 
one. The number of partition regions depends on the 
dimensions of constrained problem. Each dimensional 
partition region will conserve many solutions which 
contain the relevant dimensional feasible components. 
In other words, if the ith dimensional component of a 
solution is feasible, the ith partition region includes this 
solution. If the solution includes many various 
dimensional feasible components, it will be conserved in 
many related partition regions.  The example of the 
above proposed test function is displayed in figure 4.  

     According to the number of solutions in each 
partition region and feasibility proportion of the current 
population, various kinds of multi-parent crossover 
operators are designed for solution feasibility or 
population diversity. An opposition based mutation with 
a probability is embedded in CMR to accelerate its 
convergence speed. The generation for the new 
offspring is shown in Algorithm 1. Let us define the 
meeting of the following terms: N umf cj is the number of 
solutions in the jth partition region; Pm is mutation rate 
and Pf r is feasibility proportion of the current Population, 
[M int

j , M axt
j ] is the range of the jth component in the 

ith generation; rd1, rd2, rd3 are different random numbers 
sampled in [-0.5,1.5], simultaneously, rd1 + rd2 + rd3 = 
1.  
  

Algorithm1 Offspring Generation with Genetic Operators 

 

for i = 0  to Np  do 

for j  = 0  to D  do 

if rand(0, 1) < Pfr Num fcj  ≥ 3  then 

select three parents Pr1j , Pr2j , Pr3j randomly from 
the jth partition region; 
x
ij = rd1Pr1j + rd2Pr2j +

d3Pr3j;        

       else 

select three parents Pr1j , Pr2j , Pr3j randomly from 
the current population; 
x
ij = rd1Pr1j + rd2Pr2j

d3Pr3j;  

              end if 

if rand(0, 1) ≤ Pm  then 

xij = M int
j + M axt

j - xij 

end if 

end for end for 

c) The Novel Ranking Method 
     Ranking method presents a new view on 

balancing the dominance of penalty and objective 
functions. Many researchers have done some study on 
ranking methods with various lexicographic orders, such 
as stochastic ranking, Pareto ranking. In general, 
feasible solutions are ranked highest and better than all 
infeasible solutions. However, infeasible solutions with 
superior objective function value are more efficient to 
guide the population toward the optimum feasible, 
especially when the feasible regions are disjoint or the 
optimum lies on the boundary of the feasible region. 
Therefore, we tend to remain the important feasible and 
infeasible solutions. A novel ranking strategy is designed 
to accomplish the above goal. The essential comparison 
rules between adjacent pairs can be summarized as the 
following three points: 1) two feasible solutions are 
compared only based on their objective function values; 
2) two infeasible solutions are compared only based on 
their objective function values, while at least there are 
one’s objective function value less than the value of best 
feasible solution in the current population; 3) In the 
remaining situations, two solutions are compared based 
on the amount of their constraint violations[9]. After the 
comparisons, infeasible solutions with superior objective 
function value are ranked highest, followed by all 
feasible solutions and other infeasible solutions with 
greater constraint violation value are ranked to the 
lowest level. 
Considering little feasible[5] solutions for the population 
at the early evolutionary stage, the ranking strategy 
should pay more attention to feasibility or constraint 
violation for a solution. So the whole ranking method is 
described in Algorithm 2. Where Pr is a proportion 
constant in [0, 1]. 

Algorithm 2. Ranking Method 

if Pfr  ≤ Pr  then 

compare the adjacent pair according to the 
amount of their constraint violations, regardless of 
feasible or infeasible solutions; 

else 

 

compare the adjacent pair according to the above rules 
1),2),3); 

end if 
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Fig 4. An example of partition Technology 
 

 
Four benchmark test functions are applied in 

this paper, and the results of the CMR algorithm are 
compared against three state-of-the-art algorithms: the 
SR(Stochastic Ranking), the KM (Koziel & Michalewicz), 
and the SAFF(Self Adaptive Fitness Formulation). For 
each test case, 30 independent runs are performed. In 
the following experiments, the parameters for the CMR 
algorithm are as follows: the population size Np

 

= 60, 
the maximum generations is 5000, the mutation rate Pm

 = 0.25 and Pr

 

= 0.3, ε
 

= 10−4. The experiments are 
performed on a computer with Intel Core-2 CPU 
1.83GHz and 1GB of RAM, by using the visual C++ 
compiler. 

 The rest benchmark functions g02 −
 

g04 are 
described as following:

 Table I
 Statistical Results for G01-

 

G04 Functions

 
 
 
 
 
 
 
 
 
  
 
 
 
 

 
 
 
 

In this section, the main steps of CMR algorithm 
can be described in figure 5.

 

1

02 : inf( ) ( 2)    
n

n
i

i

g M X x


  

 

2

1

( ) 1 0
n

i
i

h X x


  

 

Where n = 10 and 0 ≤ xi ≤1 (i =

 

1, ..., n). The 
optimum satisfied where f(x*) = −1.

 

g03 : Min f(X) = −[sin3(2πx1)sin(2πx2)]/[x31

 

(x1 + x2)]

 

s.t. g1(X) = x21 − x2 + 1 ≤ 0

 

g2(X) = 1 − x1 + (x2 − 4)2 ≤ 0

 

Where 0 ≤ x1 ≤ 10 and 0 ≤ x2 ≤ 10. The 
optimum satisfied

 

Where f(x*) = 0.095825.

 

g04 :

 

Min f(X) = x2
1

 

+ (x2 − 1)2

 

h(X) = x2 − x21 = 0

 

Where −1 ≤ x1 ≤ 1 and −1 ≤ x2 ≤ 1. The 
optimum satisfied 

 

Where f (x*) = 0.75.

 

Table 1 summarizes the results from the 
conducted experiment. The statistical results include the 
known optimal solutions for each test function, the best, 
mean, worst objective function values, and the standard 
deviations. ”—” means that solutions were not found or 
not available. In the comparison, CMR can consistently 
find the optimal solutions in four test functions (g01, 
g02, g03, and g04) as other compared algorithms. All 
best, mean and worst objective function values of CMR 
were equivalent to the optimums for the above 
functions. Especially, CMR has better capability to deal 
with function g02 and has slightly better standard 
deviations than SR, SMES and others. The experimental 
results illustrate the performance of CMR algorithm is 
similar to the compared algorithms in terms of the 
solutions quality. With slightly better standard deviations, 
CMR is more robust and stable in obtaining consistent 
results than all the compared optimization algorithms. In 
all experiments, feasible solutions were continuously 
found for all the test functions in 30 runs. These results 
revealed that CMR has the substantial capability to deal 
with different  kinds of COPs.

 

 

In this paper we have  presented

 

a Iteration 
based risk tracker evolutionary algorithm with 
component based development, which is based on a 
component based model and a new ranking method. 

Alg. 

 

    Best          Mean        Worst        st. dev

  
  

G01(-15.0000)

 KM      -14.786     -14.708
 
       -

 
             -

 SAFF   -15.000    -15.000     -15.000        0.0E+00 
 SR        -15.000    -15.000    -15.000         0.0E+00
 CMR    -15.000    -15.000    -15.000         0.0E+00
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Feasible 

solution
x1

Infeasible 

solution
x2,x3,x4

Population 

Size
4

Dimension 13

1. EXTRACT

Extract all feasible 
components
from each solution of the
current population

                                                                                   
    

X
1 X2 X3 X

4

feasible

compon

ent

a
ll

X1,x3,x4,x5,x1
0,x13

X1, 
x2, 
x4, 
x5, 
x8, 
and 
x9.

,x10,x
13

X
13

2. PATITION

Each partition region 
includes
solutions with the 
relevant
feasible component.

Partitio

n

Region

1 2 3 4 5 6 7

Solutio

ns
X1,x2,x

3,
X1,
x3

X1,x2,
x3

X1,x2,x
3,

X1,x2,
x3 X1, X

1

Partitio

n

Region

8 9 10 11 12 13

solutio

ns
X1,x3, X1,

x3
X1,x2,

x3 X1 X1, X1,x2,x3,
x4

Alg.     Best          Mean        Worst        st. dev

G01(-15.0000)

KM      -14.786     -14.708        -              -
SAFF   -15.000    -15.000     -15.000        0.0E+00 
SR        -15.000    -15.000    -15.000         0.0E+00
CMR    -15.000    -15.000    -15.000         0.0E+00

Extraction and partition studied in this model are two 
main technologies. The performance of this algorithm 
has been extensively investigated by experimental 
studies with the risk tracker applier on each iteration. 
The experimental results illustrate the CMR performance 



in terms of the quality of the resulting solutions, 
especially for robustness stability and feasibility in 
obtaining consistent results. In our future work , multi 
linear cost optimization process is studied for Extraction 
and Partition of various models.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5   The Flow Chart of CMR algorithm
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Create random initial

Population POP (0)

Extract interrelationship between each dimensional 

component and constraints of COP

Calculate f(X), G(X) of each solution in POP(0) 

and check the feasibility of components or 

solutions. 

Apply the genetic operators including multi-parent 

crossover and mutation to generate subpopulation

SubPOP(t).

     Output the feasible optimum

Apply the proposed ranking strategy in interim population 

incorporating POP_t with SubPOP(t), and select the Former Np 

solutions as the members of POP(t+1).

                  Apply the proposed partition technology

        Stopping criterion

No

1. William E. Levis, Software Testing and Continuous 
Quality improvement third edition, CRC Press.

2. Somerville, Software Engineering, seventh Edition, 
Pearson Education.

3. Z. Michalewicz and M. Schoenauer, Evolutionary 
algorithm for constrained parameter optimization 
problems, Evolutionary Computation
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• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

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

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

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

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

Structure 

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

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

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

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

Key Words 

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

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

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

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

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

• One should avoid outdated words. 

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

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

Acknowledgements: Please make these as concise as possible. 

 References 

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

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

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

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

 Tables, Figures and Figure Legends 

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

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

 Preparation of Electronic Figures for Publication 

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

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

 6.1 Proof Corrections 

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

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

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

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

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

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

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

 6.3 Author Services 

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

 6.4 Author Material Archive Policy 

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

 6.5 Offprint and Extra Copies 

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

   

                   

X

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

mailto:dean@globaljournals.org


 

 

   

 

the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 

choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 

to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 

data of that subject. Sometimes, detailed information plays a vital role, instead of short information. 

 

 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 

They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 

think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 

automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 

logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 

have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 

supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

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

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

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

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

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

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

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

target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 

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

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

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

trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

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

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

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

 

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

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

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

 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

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

 

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

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 

Abstract:  

 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

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

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

Approach: 

 Single section, and succinct 

 As a outline of job done, it is always written in past tense 

 A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 Center on shortening results - bound background information to a verdict or two, if completely necessary 

 What you account in an conceptual must be regular with what you reported in the manuscript 

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

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

 Explain the value (significance) of the study  

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

 Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

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

 Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

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

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

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

 Describe the method entirely 

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

 Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

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

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

What to keep away from 

 Resources and methods are not a set of information. 

 Skip all descriptive information and surroundings - save it for the argument. 

 Leave out information that is immaterial to a third party. 

Results:  
 
The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 
 
The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 
 
Content 

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

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

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

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

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

 Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

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

As forever, use past tense when you submit to 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 part. 
Figures and tables 

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

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

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

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

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

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

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

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

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

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

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

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

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

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

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

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 

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

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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administrators · 19 
Algorithm · 8, 12, 14, 37, 43, 47, 51, 77, 85, 88, 90, 95 
approximators · 26 
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bottlenecks · 65 
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Classifier · 18, 28, 37 
Clustering · 18, 20, 24, 26, 27 
coefficient · 5 
computation · 14, 40, 43, 95 
conducting · 6 
Conference · 8, 16, 35, 36, 37, 47, 53, 82, 83 
Confidentiality · 11 
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consensus · 70 
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convenience · 58 
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Correlation · 1, 5, 8 
Cryptography · 16, 40, 42, 46, 47 
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decoding · 43 
depicted · 75, 77 
Deployment · 68, 71, 73 
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deviations · 22, 92 
dimensional · 26, 40, 85, 88, 90, 94 
discipline · 87 
disconnection · 59 
discrete · 4, 5, 40, 42, 43, 73 
dominant · 42 
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encrypted · 12, 14, 43, 46 
Engineering · 1, 6, 7, 33, 35, 49, 68, 82, 83, 94 
Enhancing · 18 
environment · 6, 40, 49, 55, 60, 87 
estimating · 28, 31, 87 
evolution · 95 
experimental · 21, 22, 31, 33, 92 

F 

frequency · 46, 73, 85, 86 

G 

Ganjewar · 53 
Gaussian · 51 
Governance · 9, 14, 15 

H 

happened · 18, 73 
However · 1, 6, 20, 88, 90 

I 

identifying · 21, 25, 68, 73 
illustrated · 61 
Implementation · 15, 43, 45, 47, 63, 66 
integrity · 9, 11, 12, 15, 57, 58 
interface · 70, 71, 73, 74, 75, 77, 81 
Iteration · 85, 92 

L 

Library · 82 
localizing · 3, 4 



M 

Mapping · 40, 43, 45, 46 
measured · 26, 31, 49, 85 
Methodology · 63 
Microcontroller · 49 
migrated · 62 

N 

neural · 18, 20, 21, 22, 24, 25, 26, 27, 28, 33 

O 

Odometric · 49 
Operating · 86 
optimization · 24, 26, 85, 88, 92, 94, 95 
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Parameters · 61, 83 
phenomenon · 63 
plaintext · 13, 43, 45, 46 
Protocols · 16 
providing · 69 

R 

Rajasthan · 15, 55, 62, 63, 67 
Rapdrp · 55 
Recognition · 1, 6, 8 
recommendations · 56 
Regression · 36 
Revised · 9, 11, 12 
robust · 20, 92 

S 

Security · 9, 16, 35, 36, 37, 52, 56, 57, 83 
segmentation · 1, 3, 4, 6 
segregated · 57 
Simulation · 68, 83 
simulator · 68, 73, 75, 81 
suggested · 22, 55 

 

 
 
 

T 

Tailoring · 71 
techniques · 1, 9, 18, 19, 21, 22, 27, 33, 36, 40, 43, 85, 88, 95 
Tracker · 85 
traditional · 20, 27, 40, 68, 85 

U 

Utilities · 55, 60 

V 

vacuum · 49, 52 
vulnerabilities · 18, 29 

W 

workshops · 66 
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