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Sri Sai Aditya Institute of Science And Technology, Surampalem, Kakinada, Andhra Pradesh, India

Absiract - We study the following problem: A data distributor has given sensitive data to a set of supposedly trusted
agents (third parties). Some of the data are leaked and bring into being in an unconstitutional place (e.g., on the web or
somebody’s laptop). The distributor must evaluate the likelihood that the leaked data came from one or more agents, as
opposed to having been independently gathered by other means. We propose data distribution strategies (across the
agents) that improve the likelihood of identifying leakages. These methods do not rely on alterations of the released data
(e.g., watermarks). In some cases, we can also inject “realistic but replica” data records to further improve our chances of
detecting leakage and identifying the guilty party.

In the course of doing business, sometimes sensitive data must be handed over to supposedly trusted third
parties. For example, a hospital may give patient records to Researchers who will devise new treatments. Similarly, a
company may have partnerships with other companies that require sharing customer data. Another enterprise may
outsource its data processing, so data must be given to various other companies. There always remains a risk of data
getting leaked from the agent.

Perturbation is a very valuable technique where the data are modified and made “less sensitive” before being
handed to agents. For example, one can add random noise to certain attributes, or one can replace exact values by
ranges. But this technique requires modification of data. Leakage detection is handled by watermarking, e.g., a unique
code is implanted in each distributed copy. If that copy is later discovered in the hands of an unconstitutional party, the
leaker can be identified. But again it requires code modification. Watermarks can sometimes be destroyed if the data
recipient is malicious.

Keywords : Allocation strategies, data leakage, data privacy, fake records, leakage model.
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Instructive of Ooze Information

K. Sudheer Kumar* & Ch. S.V.V.S.N.Murthy °

Abstract - We study the following problem: A data distributor
has given sensitive data to a set of supposedly trusted agents
(third parties). Some of the data are leaked and bring into
being in an unconstitutional place (e.g., on the web or
somebody’s laptop). The distributor must evaluate the
likelihood that the leaked data came from one or more agents,
as opposed to having been independently gathered by other
means. We propose data distribution strategies (across the
agents) that improve the likelihood of identifying leakages.
These methods do not rely on alterations of the released data
(e.g., watermarks). In some cases, we can also inject “realistic
but replica” data records to further improve our chances of
detecting leakage and identifying the guilty party.

In the course of doing business, sometimes sensitive
data must be handed over to supposedly trusted third parties.
For example, a hospital may give patient records to
Researchers who will devise new treatments. Similarly, a
company may have partnerships with other companies that
require sharing customer data. Another enterprise may
outsource its data processing, so data must be given to
various other companies. There always remains a risk of data
getting leaked from the agent.

Perturbation is a very valuable technique where the
data are modified and made “less sensitive” before being
handed to agents. For example, one can add random noise to
certain attributes, or one can replace exact values by ranges.
But this technique requires modification of data. Leakage
detection is handled by watermarking, e.g., a unique code is
implanted in each distributed copy. If that copy is later
discovered in the hands of an unconstitutional party, the leaker
can be identified. But again it requires code modification.
Watermarks can sometimes be destroyed if the data recipient
is malicious.

Keywords . Allocation strategies, dala leakage, data
privacy, fake records, leakage model!.

. [INTRODUCTION

n the course of doing business, sometimes sensitive

data must be handed over to supposedly trusted third

parties. For example, a hospital may give patient
records to researchers who will devise new treatments.
Similarly, a company may have partnerships with other
companies that require sharing customer data. Another
enterprise may outsource its data processing, so data
must be given to various other companies. We call the
owner of the data the distributor and the supposedly
trusted third parties the agents. Our goal is to detect
when the distributor’s sensitive data has been leaked by

Author o : Department of Computer Science & Engineering, Sri Sai
Adlitya Institute of Science And Technology, Surampalemn, Kakinada,
Andhra Pradesh, India. E-mail : sudheerkumarkotha@gmail.com
Author o Department of Information Technology, Sri Sai Adlitya
Institute of Science And Technology, Surampalemn, Kakinada, Andhra
Pradesh, India. E-mail : chsatyamurty@gmail.com

agents, and if possible to identify the agent that leaked
the data.

We consider applications where the original
sensitive data cannot be perturbed. Perturbation is a
very useful technique where the data is modified and
made “less sensitive” before being handed to agents.
For example, one can add random noise to certain
attributes, or one can replace exact values by ranges
[18]. However, in some cases it is important not to alter
the original distributor’'s data. For example, if an
outsourcer is doing our payroll, he must have the exact
salary and customer bank account numbers. If medical
researchers will be treating patients (as opposed to
simply computing statistics), they may need accurate
data for the patients.

Traditionally, leakage detection is handled by
watermarking, €.g., a unique code is embedded in each
distributed copy. If that copy is later discovered in the
hands of an unauthorized party, the leaker can be
identified. Watermarks can be very useful in some
cases, but again, involve some modification of the
original data. Furthermore, watermarks can sometimes
be destroyed if the data recipient is malicious. In this
paper we study unobtrusive (Not attracting unnecessary
attention) techniques for detecting leakage of a set of
objects or records. Specifically, we study the following
scenario: After giving a set of objects to agents, the
distributor discovers some of those same objects in an
unauthorized place. (For example, the data may be
found on a web site, or may be obtained through a legal
discovery process).

At this point the distributor can assess the
likelihood that the leaked data came from one or more
agents, as opposed to having been independently
gathered by other means. If the distributor sees “enough
evidence” that an agent leaked data, he may stop doing
business with him, or may initiate legal proceedings.

In this paper we develop a model for assessing
the “guilt” of agents. We also present algorithms for
distributing Objects to agents, in a way that improves
our chances of identifying a leaker. Finally, we also
consider the option of adding “fake” objects to the
distributed set. Such objects do not correspond to real
entities but appear realistic to the agents. In a sense, the
fake objects acts as a type of watermark for the entire
set, without modifying any individual members. If it turns
out an agent was given one or more fake objects that
were leaked, then the distributor can be more confident
that agent was guilty.

© 2012 Global Journals Inc. (US)
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[1. PROBLEM SETUP AND NOTATION

Entities and Agents: A distributor owns a set
T={t1, tm} of valuable data objects. The distributor
wants to share some of the objects with a set of agents
U1, U2, Un, but does not wish the objects be leaked to
other third parties. The objects in T could be of any type
and size, e.g., they could be tuples in a relation, or
relations in a database. An agent Ui receives a subset of
objects Ri < T, determined either by a sample request
or an explicit request:

Sample request Ri = SAMPLE (T, mi): Any
subset of Mi records from T can be given to Ui.

Explicit request Ri = EXPLICIT (T, condi): Agent
Ui receives all the T objects that satisfy condi.

Type of data leakage: In order to implement the
appropriate  protective measures, we must first
understand what we are protecting. Based on publicly
disclosed Data lLeakage breaches, the type of data
leaked is broken down as follows:

Type of information leaked Percentage
Confidential information - 15%
Intellectual property - 4%

Customer data - 73%

Health records - 8%

Guilty Agents: Suppose that after giving objects
to agents, the distributor discovers that a set S € T has
leaked. This means that some third party called the
target has been caught in possession of S. For example,
this target may be displaying S on its web site, or
perhaps as part of a legal discovery process, the target
turned over S to the distributor.

Since the agents U1, Un has some of the data,
it is reasonable to suspect them leaking the data.
However, the agents can argue that they are innocent,
and that the S data was obtained by the target through
other means.

For example, say one of the objects in S
represents a customer X. Perhaps X is also a customer
of some other company, and that company provided the
data to the target. Or perhaps X can be reconstructed
from various publicly Available sources on the web.

Our goal is to estimate the likelihood that the
leaked data came from the agents as opposed to other
sources. Intuitively, the more data in S, the harder it is
for the agents to argue they did not leak anything.
Similarly, the “rarer” the objects, the harder it is to
argue that the target obtained them through other
means. For instance, if one of the S objects was only
given to agent U1, while the other objects were given to
all agents, we may suspect U1 more. The model we
present next captures this intuition.

We say an agent Ui is guilty and if it contributes
one or more objects to the target. We denote the event
that agent Ui is guilty as Gi and the event that agent Ui
is guilty for a given leaked set S as Gi|S. Our next step

© 2012 Global Journals Inc. (US)

is to estimate Pr {Gi|S}, i.e., the probability that agent
Ui is guilty given evidence S.

[1I.  RELATED WORKS

The quilt detection approach we present is
related to the data provenance problem [3]: (whether it
is genuine or not problem) tracing the lineage of S
objects implies essentially the detection of the guilty
agents. Tutorial [4] provides a good overview on the
research conducted in this field. Suggested solutions
are domain specific, such as lineage tracing for data
warehouses [5], and assume some prior knowledge on
the way a data view is created out of data sources.

Our problem formulation with objects and sets
is more general and simplifies lineage tracing, since we
do not consider any data transformation from Ri sets to
S. As far as the data allocation strategies are
concerned, our work is mostly relevant to watermarking
that is used as a means of establishing original
ownership of distributed objects. Watermarks were
initially used in images [16], video [8] and audio data [6]
whose digital representation includes considerable
redundancy. Recently, [1], [17], [10], [7] and other
works have also studied marks insertion to relational
data. Our approach and watermarking are similar in the
sense of providing agents with some kind of receiver-
identifying information.

However, by its very nature, a watermark
modifies the item being watermarked. If the object to be
watermarked cannot be modified then a watermark
cannot be inserted. In such cases methods that attach
watermarks to the distributed data are not applicable.
Finally, there are also lots of other works on
mechanisms that allow only authorized users to access
sensitive data through access control policies [9], [2].
Such approaches prevent in some sense data leakage
by sharing information only with trusted parties.
However, these policies are restrictive and may make it
impossible to satisfy agents’ requests.

IV. AGENT GUILT MODEL

To compute this Pr{Gi| S}, we need an estimate
for the probability that values in S can be “guessed” by
the target. For instance, say some of the objects in S are
emails of individuals. We can conduct an experiment
and ask a person with approximately the expertise and
resources of the target to find the email of say 100
individuals. If this person can find say 90 emails, then
we can reasonably guess that the probability of finding
one email is 0.9. On the other hand, if the objects in
question are bank account numbers, the person may
only discover say 20, leading to an estimate of 0.2,
Probability pt is analogous to the probabilities used in
designing fault-tolerant systems. That is, to estimate
how likely it is that a system will be operational
throughout a given period, we need the probabilities that



individual components will or will not fail. A component
failure in our case is the event that the target guesses an
object of S. while we use the probability of guessing to
identify agents that have leaked information.

The component failure probabilities are
estimated based on experiments, just as we propose to
estimate the pt’s. Similarly, the component probabilities
are usually conservative estimates, rather than exact
numbers. For example, say we use a component failure
probability that is higher than the actual probability, and
we design our system to provide a desired high level of
reliability. Then we will know that the actual system will
have at least that level of reliability, but possibly higher.
In the same way, if we use pt's that are higher than the
true values, we will know that the agents will be guilty
with at least the computed probabilities.

There are T={t1,t2,t3};R1={t1,t2};R2{t2,t3};S={t1,t2,t3}

In this case, all three of the distributor’s objects
have been leaked and appear in S. Let us first consider
how the target may have obtained object t1, which was
given to both agents. The target either guessed t1 or
one of U1 or U2 leaked it. We know that the probability
of the former event is p, so assuming that probability
that each of the two agents leaked t1 is the same we
have the following cases:

e The target guessed t1 with probability p;
e Agent U1 leaked t1 to S with probability (1 - p)/2;
e Agent U2 leaked t1 to S with probability (1 -p)/2;

Similarly, we find that agent U1 leaked t2 to S
with Probability 1 - p since he is the only agent that has
t2. Given these values, the probability that agent U1 is
not Guilty, namely that U1 did not leak either object is:

(1-(0-p/2)-(1-(1-p)); (1)

And the probability that U1 is guilty is: 1 — Pr {G1}

Note that if did not hold, our analysis would be
more complex because we would need to consider joint
events, e.g., the target guesses t1 and at the same time
one or two agents leak the value. In our simplified
analysis we say that an agent is not guilty when the
object can be guessed, regardless of whether the agent
leaked the value. Since we are "not counting” instances
when an agent leaks information, the Simplified analysis
yields conservative values (smaller Probabilities).

To simplify the formulas that we present in the
rest of the paper, we assume that all T objects have the
same pt, which we call p. Our equations can be easily
generalized to diverse pt's though they become
cumbersome to display. Next, we make two
assumptions regarding the relationship among the
various leakage events. The first assumption simply
states that an agent’s decision to leak an object is not
related to other objects. In [14] we study a scenario
where the actions for different objects are related, and

we study how our results are impacted by the different
independence assumptions.

Assumption 1 :For all t,t’ € S such that t # t’ the provenance
of t is independent of the provenance of t’.

The term  “provenance” in this assumption
statement refers to the sources of a value t that appears
in the leaked set. The Source can be any of the agents
who have t in their sets or the target itself (guessing). To
simply our formulas, the following assumption states
that join events have a negligible probability. As we
argue in the example below, this assumption gives us
more conservative estimates for the guilt of agents,
which is consistent with our goals.

Assumption 2: An Object t € S can only be obtained by
the target in one of the two ways as follows:

= Asingle agent U;leaked t from its own R;set.
= The target guessed (or obtained through other
means) t without the help of any of the n agents.

In other words, for all t € S,the event that the

target guesses t and the events that agents
Uii=1.......... n) leaks objects t are disjoint. Before we
present the general formula for computing the

probability Pr{Gi|S} that an agent Ui is guilty, we
provide a simple example. Assume that the distributor
set T, the agent sets R’s and the target set S are:

T ={t1, 2,13}, R1 = {t1, 12}, R2 = {t1, 13}, S = {t1, 2, 13}.

In this case, all three of the distributor’s objects
have been leaked and appear in S. Let us first consider
how the target may have obtained object t1, which was
given to both agents. From Assumption 2, the target
either guessed t1 or one of U1 or U2 leaked it. We know
that the probability of the former event is p, so assuming
that probability that each of the two agents leaked t1 is
the same we have the following cases:
= The target guessed t1 with probability p;
= Agent U1 leaked t1 to S with probability (1 . p)/2;
= Agent U2 leaked t1 to S with probability (1 . p)/2;

Similarly, we find that agent U1 leaked t2 to S
with probability 1. p since he is the only agent that has
t2. Given values, the probability U1 is guilty is:

Pr {G1|S} =1 Pr {G 1}. 7

Note that if Assumption 2 did not hold, our
analysis would be more complex because we would
need to consider joint events, e.g., the target guesses t1
and at the same time one or two agents leak the value.
Since we are “not counting” instances when an agent
leaks information, the simplified analysis yields
conservative values (smaller probabilities). In the
general case (with our assumptions), to find the
probability that an agent Ui is guilty given a set S, first
we compute the probability that he leaks a single object
tto S. To compute this we define the set of agents
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Vt= {Uite Ri} that have t in their data sets. Then
using Assumption 2 and known probability p, we have:

(3)

Assuming that all agents that belong to Vt can
leak t to S with equal probability and using Assumption
2 we obtain:

Pr {Ui leaked t to S} = {*F|Vt| , if Ui € Vt, 0,0therwise  (4)

Pr {some agent leaked t to S} = 1—p.

Given that agent Ui is guilty if he leaks at least
one value to S, with Assumption 1 and Equation 4 we
can compute the probability Pr {Gi|S} that agent Ui is
guilty:

Pr {Gi|S} = 1-]] (1-EVt])
tESNRI

Fake Obijects: The distributor may be able to
add fake objects to the distributed data in order to
improve his effectiveness in detecting guilty agents.
However, fake objects may impact the correctness of
what agents do, so they may not always be allowable.
Perturbed, e.g., by adding random noise to sensitive
salaries, or adding a watermark to an image. In our
case, we are perturbing the set of distributor objects by
adding fake elements. In some applications, fake
objects may cause fewer problems that perturbing real
objects.

(%)

V. FUTURE ENHANCEMENTS

In this paper we are using multiple agents, for
the purpose of security at the same time we are creating
database for separate user, so through this we are
strictly find out who is leaked information in internet.
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An Effcient Algorithm for Mining Association
Rules in Massive Datasets

D. Gunaseelan* & P. Uma°®

Abstract - Data mining, also known as Knowledge Discovery in
Databases (KDD) is one of the most important and interesting
research areas in 21% century. Frequent pattern discovery is
one of the important techniques in data mining. The
application includes Medicine, Telecommunications and World
Wide Web. Nowadays frequent pattern discovery research
focuses on finding co-occurrence relationships between items.
Apriori algorithm is a classical algorithm for association rule
mining. Lots of algorithms for mining association rules and
their mutations are proposed on the basis of Apriori algorithm.
Most of the previous algorithms Apriori-like algorithm which
generates candidates and improving algorithm strategy and
structure but at the same time many of the researchers not
concentrate on the structure of database. In this research
paper, it has been proposed an improved algorithm for mining
frequent patterns in large datasets using transposition of the
database with minor modification of the Apriori-like algorithm.
The main advantage of the proposed method is the database
stores in transposed form and in each iteration database is
filtered and reduced by generating the transaction id for each
pattern. The proposed method reduces the huge computing
time and also decreases the database size. Several
experiments on real-life data show that the proposed algorithm
is very much faster than existing Apriori-like algorithms. Hence
the proposed method is very much suitable for the discovering
frequent patterns from large datasets.

Keywords Data mining, Tfrequent pattern mining,
transposition of database, Apriori algorithm.

. INTRODUCTION

ata mining is one of the most dynamic emerging
research in today’s database technology and

Artificial Intelligent research; the main aim is to
discover valuable patterns from a large collection of
data for users. In the transaction database, mining
association rule is one of the important research
techniques in data mining field. The original problem
addressed by association rule mining was to find the
correlation among sales of different items from the
analysis of a large set of super market data. Right now,
association rule mining research work is motivated by
an extensive range of application areas, such as
banking, manufacturing, health care, medicine, and
telecommunications. There are two key issues that need
to be addressed when applying association analysis.

Author o o College of Computer & Information Systems JAZAN
University, Kingadom of Saudi Arabia.

E-mail a. . dgseela@yahoo.com

E-mail e : prmluma@grnail.com

The first one is that discovering patterns from a
large dataset can be computationally expensive, thus
efficient algorithms are needed. The second one is that
some of the discovered patterns are potentially spurious
because they may happen simply by chance. Hence,
some evaluation criteria are required.

Agrawal and Srikant (1994) proposed the Apriori
algorithm to solve the problem of mining frequent
itemsets. Apriori uses a candidate generation method,
such that the frequent (k+1)-itemset in one iteration can
be used to construct candidate (k+1)-itemsets for the
next iteration. Apriori terminates its process when no
new candidate itemsets can be generated. It is a multi-
pass algorithm.

Unlike Apriori, the FP-growth method was
proposed by Han et al. (2000) uses an FP-tree to store
the frequency information of the transaction database.
Without candidate generation, FP-growth uses a
recursive divide-and-conquer method and the database
projection approach to find the frequent itemsets.
However, the recursive mining process may decrease
the mining performance and raise the memory
requirement.

Most of the reviews are presented in Section
2.2.A lot of algorithms were proposed to optimize the
performance of the Apriori-like algorithm. In this
research paper it has been presented an efficient and
improved  frequent pattern algorithm for mining
association rules in large datasets. It is a two-pass
algorithm.

The remainder of the paper is organized as
follows: In Section 2, it has been described in brief an
Apriori algorithm, and the relative researches of
association rules. In Section 3 provides definitions for
the mining method, and detailed steps on the proposed
algorithm in mining frequent itemsets. An illustration is
demonstrated in Section 4. In Section 5, the design of
the experiment and performance analysis is discussed;
finally, in Section6 offers conclusions.

[I. BACKGROUND
At first, the data mining technique for
association rule mining is the support-confidence

framework established by Agrawal et al. [AIS 93]. The
most important time-consuming part of the association
rule algorithm is to discover large itemsets, while the
generation of association rules from the given large
itemsets is straightforward. This paper has been
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focused on the discovery of large itemsets. For
description, some well-known methods and notions
based on this framework is used throughout this paper.

In this section it has been presented the formal
statement of association rule mining and the description
of Apriori algorithm and related research review.

a) Formal staterment of the problern

The following is a formal statement of
association rule mining for transactional databases.

Let | = {i}, iy, i3, ... , i} represents a set of ‘n’
distinct data items. Generally, a set of items is called an
itemset, and an itemset with k items is denoted as a k-
itemset. Database D is a set of transactions, where the
i transaction T, denotes a set of items, such as T€ |. D]
is the total number of transactions in D, and [T|| is the
number of distinct items in transaction T, Each
transaction is associated with a unique identifier, which
is termed as TID. An association rule is an implication of
the form X — Y, where X, Y € |, and X N Y = ¢. There
are measures of quality for each rule in support of
itemset X U Y and confidence of rule X — Y. First, we
need to calculate the support of itemset X U Y, which is
the ratio (denoted by s%) of the number of transactions
that contain the X U Y to IDI. Next, the confidence of rule
X — Y is the ratio (denoted by c%) of the number of
transactions containing X U Y to the number of
transactions that contain X in database D. The problems
of association mining rules from database D can be
processed in two important steps: (1) locate all frequent
itemsets whose supports are not less than the user-
defined minimum support threshold &, where & € (0, 1),
and, (2) obtain association rules directly from these
frequent itemsets with confidences not less than the
user-defined minimum confidence threshold. The most
time-consuming part of mining association rules is to
discover frequent itemsets.

b) Review of Apriori algorithm

In conventional Apriori-like methods, the level
wise process of identifying sets of all frequent itemsets
is in a combination of smaller, frequent itemsets. In the
Kth level, the Apriori algorithm identifies all frequent A
itemsets, denoted as £, C, is the set of candidate A
itemsets obtained from L, ,, which are suspected
frequent Aitemsets. For each transaction in DO, the
candidate Aitemsets in C, contained within the
transaction are determined, and their support count is
increased by 1/I0. Following scanning (reading) and
contrasting with the entire O, when the supports of
candidate A-itemsets are greater than or equal to user-
defined minimum support threshold &, they immediately
become frequent A-itemsets. At the end of level 4 all
frequent itemsets of length & or less have been
discovered. During the execution, numerous candidate
itemsets are generated from single itemsets, and each
candidate itemset must perform contrasts on the entire
database, level by level, while searching for frequent
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itemsets. However, the performance is significantly
affected because the database is repeatedly read to
contrast each candidate itemset with all transaction
records of the database.

c) Related researches of association rules

In 1995, Savasere et al. proposed the partition
algorithm to improve the efficiency of Apriori algorithm, it
does so by efficiently reducing the number of scans in
the database, however, considerable time is still wasted
scanning infrequent candidate itemsets [3]. In 1996,
Pork et al. proposed an efficient and fast algorithm
called DHP (direct hashing and pruning) for the initial
candidate set generation. This method efficiently
controls the number of candidate 2-itemsets, pruning
the size of the database [4]. In 1999, Han et al.
proposed a top-down method, which investigates
progressively deeper, into the data was developed for
the efficient mining of multiple-level association rules
from large transactional databases based on the
classical Aprioir principle. In 1996, Toivonen proposed a
sampling algorithm which reduces the number of
database scan to a single scan, but still wastage
considerable time on candidate itemsets [9]. In1996,
Brid et al. proposed the dynamic itemset count (DIC)
algorithm [5] for finding large itemsets, which uses fewer
passes over the data than classical algorithms, and yet
uses fewer candidate itemsets than methods based on
sampling. In addition, in 1999, Dunkel et al. proposed a
column-wise apriori algorithm for frequent itemsets and
in 2001, Berzal et al. proposed a tree based association
rule mining which transformed the storage structure of
the data, to reduce the time needed for database scans,
improving overall efficiency.

[11. PROPOSED ALGORITHM

The proposed algorithm improvement mainly
concentrated on (1) for reducing frequent itemset and
(2) for reducing storage space as well as the computing
time. In the case of large datasets like Wal-Mart
datasets, the proposed algorithm is very much useful for
reducing the frequent patterns and also reducing the
database size for every subsequent passes. For
example, in the improved algorithm, the number of
occurrence of frequent k-itemsets when k-itemsets are
generated from (k-1)-itemsets is computed. If k is
greater than the size of the database D, there is no need
to scan database D which is generated by (k-1)-itemsets
according to the Aprior property and it can be remove
automatically.

Transposition of database: A given database as
a relation between original and transposed
representations of a database is defined in Table 1. The
itemsets are D= {l, l,, ..., I,} and transaction ids are
TID = {T,, T,, ..., T,}. A string notation for itemsets is
used, for example, I;l,ls denotes the itemset {l;, l,, I}
and T,T, denotes the transaction ids set {T,, T,}. This



dataset is used in all the examples between two sets: a
set of items (attributes) and a set of transactions
(tuples).

Table 7 Database D and transposition Database D'

D
Transaction IDs ltems
T1 1,12, 13
T2 12,13, 14
T3 1,13, 14
DT
ltems Transaction IDs
[1 T, T3
[2 TI, T2
13 T1, T2, T3
14 T2, T3

Table 2 - Notations used

Notations Description
D Given database
D' Transposed database
CT Candidate transaction IDs
CT, Candidate transaction IDs of size-1
LT, Large transaction IDs of size-1
CT,, Candidate transaction IDs of size-k-1
LT, Large transaction IDs of size-k-1
S Minimum support
C Minimum confidence
Count Frequency

At first, the given transaction database file D is
transposed to database D' and count the number of
itemm and number of transaction string generated for
each item and sort the item numbers. Now apply Apriori-
like algorithm in which first calculate the frequent
transactions CT,. It reduces infrequent transactions and
its item details. For the subsequent passes Apriori-gen
has been applied and finds the subsequent frequent
transactions.

Lemma 1: All the subsets of a frequent
transaction must also frequent. In other words, all the
supersets of a frequent transaction must also infrequent.

Improved Algorithmic steps are described as
below:

1. First the function apriori-gen(LT,.,) is called and to
generate candidate k-transaction set by frequent k-
transactions.

2. Checking whether candidate transactions C7 are
joined into candidate k-transactions or not. It
proceeds by calling function  recursively
has_infrequent Ifransactions(ct, LT,,). If it is true, it
means the set of transactions are not frequent and
should be removed. Otherwise, scan database D'.

3. The occurrence of frequent k-transaction is
computed by generating (k-1)-transactions from k-
transactions. If k-transaction is greater than the size
of database D', it is not needed to scan database
D" which is generated by (k-1)-transactions based
on the lemma 1, and it can be deleted.

4. |f the size of database D' is greater than or equal to
k, then call function subsefCT,, d'), which computes
frequent pattern using a subsequent iterative level-
wise approach based on candidate generation.

Algorithm 1: /mproved Algorithm

Input: A transposed database D' and the user
defined minimum support threshold s.
Output: The complete set of frequent patterns

Step 1: Convert Database D into transpose form DT

Step 2: Compute CT7, candidate transaction sets of size-

1 and finds the support count.

Step 3:Compute the large transaction sets (L7) of sizel.
(ie., for all C7, is greater than or equal to

minimum support.)

LT, = {Large 1-transaction set (L7)};
For (k=2; L7,,=0; k++) do
Begin
CT, = Apriori-gen(LT,.,, ct); // new candidate transaction
sets
End
Return L7 = U,LT,

Algorithm 2: Apriori-gen (L7,.;), Generate candidate sets
For all transactions p € L7,.,do begin

For all transactions g € L7, ,do begin

If p.transaction,;=q.transaction,...,

p.transaction, ,=q.transaction,.,,
p.transaction, ;< g.transaction,., then begin
Ct=p = q;
If has infrequent subsef(ct, LT,.,) then
delete ct;
Else
For all transaction set te D" do begin
If count(t) <k then delete t;
Else begin
Ct=subset(CT,, t);
End
End
For all candidate transactions cteCT,; do begin
CT.count= CT.count+ 1;
End; End;
LT7.= {cteCT, | CT.count= s};
End; End;
End;
End;
Return CT,;
Algorithms 3: has _infrequent subsef(ct, LT,.)

// checking the elements of candidate generation
For all (k-7)-sub transaction set of ctdo
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Begin

If e LT, ,then
return true;
Else

return false;
End.

The main advantage of the proposed algorithm
for frequent patterns discovery are, it reduces the size
of the database after second pass and, the storage
space and saves the computing time.

IV. PERFORMANCE EVALUATION

The following is an example shows the
processing steps of the proposed algorithm

Figure 1 shows the original Database D and the
transposed database D'. There are 15 transaction IDs in
the database D', that is |D'| = 9 and minimum support
s = 20%. The improved algorithm for mining frequent
patterns in D' is used.
1. Scan the database D' for support count of each

candidate transactions.

In the first iteration of the improved algorithm, all
transaction sets are the member of the set of candidate
1-transactions, CT,. The proposed method scans all the
itemsets in D" and count the number of occurrences of
each itemset.

2. Compute the support count with minimum support.

The user defined minimum support s is 20%,
that the required support count is 2. Based on the
minimum support, we can determine the set of frequent
set of 1-transaction IDs(LT,). That means all the
candidate 1-transaction IDs are satisfied with user
defined minimum support s.

3. Generate all candidate transactions of size-2 i.e.,
CT, from LT, and count the support count.

The algorithm generates candidate transactions
CT, from large transaction set of size-1, LT,. Compute
the number of occurrences in each transaction set by
scanning the database D'. Accumulate the total number
of sub-transaction IDs with their support count.

4. Compare the number of occurrences of candidate
transaction IDs with their minimum support s.

The Large transaction ID sets of size-2, LT, are
determined by computing the number of occurrences of
each candidate transaction IDs CT, with the minimum
support s. Based on LT,, we can determined a new
modified transposed database D',.

5. Generate candidate transactions of size-3 from LT,
by scanning new modified database D', and finds
the support count of CT,.

First, combine the large transactions of size-2,
LT, with LT, to determine CT,. Based on the lemma 1,
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we can determine the four letter candidate transaction
IDs C; cannot possibly be frequent transactions and
therefore prune from CT,. This is one of the advantages
of saving time to count the number of occurrence of
transaction IDs unnecessarily during the subsequent
scan of DY, for finding LT,

6. Compare the support count of
transaction IDs with minimum support.

candidate

The modified database D', is scanned by
computing LT;. i.e., the large transaction IDsof size-3,
LT, are determined by computing the number of
occurrences of each candidate transaction IDs CT; with
the minimum support s.

7. Repeat the steps 4 to 6 until no more candidate
transaction IDs are generated.

That is the algorithm terminates, having found
all of the frequent transaction IDs. Also, it creates the
modified database D';, D',, etc., based the size of the
transaction IDs.

The following are the explanation of the
proposed algorithm with an example.

Transaction ID ltem ID
T1 1,14
T2 2,4,6,7,13,15
T3 4,6,10,11,12, 14
T4 2,3,6,13
T5 1,3,5 8,10, 11,12, 14
T6 1,5,7,12,13, 14
T7 3,5,7,10,11,12,13, 14
T8 1,2,9 12
T9 7,15

Original Database D
Transposed Database |D'| = 15

Now apply the improved algorithm:;

ltem ID Transaction ID
1 T1,T5, T6, T8
2 T2, T4, T8
3 T4, T5, T7
4 T2, T3
5 T5,T6, T7
6 T2, T3, T4
7 T2,T6,T7,T9
8 T5
9 T8
10 T3, T5, T7
11 T3, T5, T7
12 T3, T5,T6, T7, T8
13 T2, T4,T6, T7
14 T1, T3, T4, T5,T6, T7
15 T2, T9




Minimum Support (s)=20%
Pass 1: Generate candidates for k=1
C,={T1,T2,T3,T4,T5,T6,T7, T8, T9}

C, T T2 T3 T4 T5 16 T7 T8 T9
Support 2 6 6 4 8 6 8 4 2
L, = {T2:6, T3:6, T4:4, T5:8, T6:6, T7:8, T8:4} (T3,76), (T3,T7), (13,18), (T4,T5), (T4,76),

(T4,T7), (T4,T8), (T5,T6),
(T5,T7), (T5,T8), (T6,T7), (T6,T8), (T7,T8) } - 21
C, = {(T2,T3), (T2,T4), (T2,T5), (T2,T6), (T2,T7),  candidate sets

(T2,T8), (T3,T4), (T3,T5),

Pass 2: Generate candidates for k=2

After applying improved algorithm

C, | Tl | Tl | Tole | ToTo | Tofy | ToTs | Tolu | TaTs | ToTs | Tal, | Tl
Sup| 2 3 0 2 2 1 2 4 p) 4 1

C, T,Ts T,Tg T,T, T,Tg TsTe TsT, TsTg TeT TeTg T;Tg

Sup 2 2 3 1 4 3 2 4 2 1
L, = {(T2T4):3, (T3T5):4, (T3T7):4, (T4T7):3, D =8
(T5T6):4, (T5T7):3, (T6T7):3}
— 7 large transaction sets only ltem ID Transaction ID
D[ = 11 1 T1, 75,76, T8
5 T5,T6, T7
ltem ID Transaction ID 7 12,76, 17,19
3 T1.75.76, 18 10 T3, T4, T5, T7
> T2 T4, T8 11 T3, T4,T5,T7
3 5,77 12 T3, T4,T5,T6,T7, T8
5 5. 76 T7 13 T2,76, T7
6 T2.73. T4 14 T1,T3,T4,T5,T7
7 T2,7T6,T7,T9
10 T3, T4, T5, T7 Pass 4: Generate candidates for k=4
il T3, T4, T5, T7
13 12,76, T7 L4 = {0}
14 T1,T3, T4, T5,T6, T7

V. EXPERIMENTAL RESULTS

Based on L, we can prune infrequent

transaction sets from the transposed database D'. After

pruning, the new modified transposed database D', with
number of itemsets is 11 only. Previously it was 15.

To evaluate the efficiency and effectiveness of
the improved algorithm, we performed an extensive
study of two algorithms: Apriori-like and improved
algorithm, on both real time synthetic data sets with

Pass 3: Generate candidates for k=3 different ranges. All the experiments were examined on

Pentium IV machine 1GB RAM, running Microsoft

Cs = {(T3T5T7), (T5STET7)} Windows 7. Two algorithms, Apriori and Improved
algorithm were implemented in Java 2.0.

Cs 137517 157617 Also we got the real time medical database with

Support 4 3 2280 itemsets and 4200 elements. The running time

comparison between improved algorithm and Apriori

L, ={(T3T5T7), (T5T6 T7)} algorithm are shown in the Figure 1 with minimum

support ranges from 1 percentage (%) to 5 percentages
Based on L3, we can prune infrequent (%).

transaction sets from the transposed database D'. After The importance of improved algorithm is to
pruning, the new modified transposed database Dy with  reduce the number of items in each and every scan and
number of itemsets is 7 only. Previously it was 11. also reduce the size of the original dataset. There are
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three aspects to make this algorithm better than the
original one.

Apriori vs Improved Algorithm -
goo
/-—- 600 é z
/-, 400 [ g
T T T O g
5 4 3 2 1 5
Minimum Support (in %)
—e— Improved —8— Apriori

Figure 7: Running time between Apriori and improved
algorithm

Firstly, when the candidates are being
produced, instead of dealing with all the items of the
previous large set, only the elements which having the
same transaction ids are crossed. At the same time,
generating frequent patterns, it may reduce the
computing time dramatically and the size of the
database is reduced. Secondly, by pruning, the number
of elements in the candidate sets is decreased once
more based on modified database. Finally, the
computing time and storage space are saved.

VI.  CONCLUSION

In this research paper, it has been proposed an
improved algorithm for mining frequent pattern based
on Apriori-like algorithm. The main advantages of an
improved algorithm are that it can reduce the number of
scanning by the transposed database D', redundancy
by the time of generating sub-transaction set tests and
verifying them in the database. In order to discover
frequent patterns in massive datasets with more
columns than rows, it has been presented a complete
framework for the transposition; the item set in the
transposed database of the transposition of many
classical transactions is given. Also it has been
compared the classical Apriori algorithm with an
improved algorithm. It has been presented the
experimental results, using synthetic data, showing that
the proposed algorithm always outperform Apriori
algorithm. Hence, the proposed algorithm is very much
suitable for a massive datasets.
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Abstract - Our objective is to make proposals for the design of
a SIS SID-quality and meet the needs of different stakeholders
of the university. This is where we join (which is poorly
modeled by the concept of data marts in the current tools of
the market), namely the modeling of data resources.
Often the documents are deposited on the information system
of an organization without classification, without indexing, with
all the information on their content, their purpose, their
technical requirements and practices. The method of
describing the properties of a document is a binding step
involves an author and a culture of destruction of documents.
Few users perform document properties they file on a system
design and information. Then it is naturally more difficult to
retrieve these information gaps which usually take the form of
voids, it is still necessary that the input fields are provided
adequate and appropriately organized, arranged and
explained. Indeed, it often happens - for example on an
intranet of an organization - the drop zones are not conducive
to give relevant information on the properties of materials
downloaded. In the best case, the documents are managed
by their own systems, accessible through their own search
engine or by federated search engines. Why we try to answer
the question: how to reproduce a set of metadata specific to
multidimensional databases specific to the decision-oriented
universities.

Keywords . Multidimensional databases, Metadala, aala
marts, design and information system.

L. INTRODUCTION

he actors of the university have centered on the
Tneed Reporting, others need however to analyze

more precisely the data (University maker). It is
therefore to explain the anomalies and their origins,
such as causing problems for the disappearance of
students during their university life without any
qualifications. It is also to highlight extreme events in the
very structure of a numerical result.

An analysis of data reveals disparities and to
explain phenomena apparently normal. In this logic, the
Drill down is a method to visualize the detail information
component, the opposite, the Drill up scrolls upward
through the hierarchy of a dimension while the Drill

Author o . Laboratory of Industrial Engineering and Computer Science
(LG2]), National School of Applied Sciences -Agadir, , University lbn
Zohr. E-mail : .oubedda@gmail.com.

Author o . Analysis Laboratory for Systems, Information Processing
and Integrated Management, Superior School of Technology Sale,
University Mohammed V Agaal.

through is to see other indicators to explain information.
Starting from a 3D cube, it is possible to aggregate
rotating along one dimension (pivot); we obtain a lattice
of views (computable in SQL). The table below contains
the main principles of the algebra of cubes.

We will prove that multivariate analysis is to model data
along several axes. The OLAP cube means the
analytical technology that applies to this model of
representation. This notion that rubs predictive analytics
as designated by the Anglicism Data mining.

1. HYPOTHESES

One starts by modeling [4] upstream actors
taking into account the specifications and expectations
of each of them, namely:

—  From moativation to the job involvement: motivation

% Thus appears as part of a directed behavior and
completed (goal oriented).

— Training required by the actors in institutions in the
university year.

Given this situation, it is to correlate between
the needs of University actors [1], [2] and those of the
teacher and those of administration. Infect, we are faced
with a situation of looking for satisfaction with a specific
university. Indeed for a university, it is more about
positioning and visibility of the organization. The
company seeks a positioning performance level of its
capital and the university aims to achieve a quality and a
high ranking both domestically and internationally. The
company seeks customer satisfaction; the university
seeks to satisfy its stakeholders. Customer satisfaction
in business is formalized in terms of costs. Satisfaction
of the actors in university is renowned for meeting their
needs.

The main objective of this work is to provide a
simple, detailed and complete enough to meet the real
needs of the university decision-maker (in [5], [6]) in
terms of automatic adaptation needs and priorities of
the indicator is to make a multidimensional model:

a) The model SIAG

According to the model developed SIAG within
our team; we observe several processes in the
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phenomenon of information retrieval which we leverage
for our reflections. The model represents a situation
EIAG information retrieval that involves cognitive phases

following:
Discover the world of information => Study
The application of basic information => Item

The analysis of the basis of information => Analysis
Resolution based on different choices => Gloss

This model uses action verbs to describe
different stages of information seeking: to investigate,
item, analyze and gloss. These words evoke the
underlying functionality of the information system, so as
to satisfy the end user. We leverage this model to
analyze the situations of our various stakeholders (policy
makers and institutions of the presidency of the
university) in a research or production information.

[1I. [MPLEMENTATION

a) Actors in the University

Given the scope of this project which combines
university: students, professors, administrative domains
and operating [4] in various disciplines in terms of their
thematic, structural information we propose is based on
the model [5]of a warehouse data, taking into account
the different trades. For example a person may have
different responsibilities: it can have the status of
responsible teaching.

We discuss the data on different levels by
actors. We distinguish three levels: the actor, the
administrative level and educational level.

e The level player makes an initial typology of actors
around 3 classes, showing students, teachers and
administrators.

e The educational level is used to identify bases
referents' correlated with previously identified
actors: foundation courses geared towards the
students, baselines for serving teachers and basic
rules and regulations for the administration of
destination.

e The administrative level census data on the
administrative situation of the student actor, data on
the administrative situation of the actor and teacher
data from administrative and financial management
of students, teachers and training relevant to the
administrative actor. We illustrate by a diagram that
data relating to the actors, supplemented by
existing.

After the consoligation of the formula 1, we obtain.

The portfolio of the source (S) (in[1],[2])defines
all the activities to be performed during one cycle by
each university players. Category (C) defines the three
actors of the university: Student, Teacher, and
Administrator. Aggregation (A) defines the needs of each
player for a graduate level.

© 2012 Global Journals Inc. (US)

Activities (academic contibution to sach playar] Azzregations

11 13 Training 8

arrect 10 11 Census

Beginning of the University Cycle:
= The portfolio administrative actors is the first actor at
atimet:

Administrative actor (PA)= {Ci (1 <i<3); Aj(1<j<6)}

= The actor Teacher portfolio is the second player at
time t+At:

Actor Teacher PE) = {Ci (3<i<8); Aj (6=j=11)}

» The Student Portfolio actor is the No. 3 player at a
time t+At+1 :Actor Student  (PT)= {Si (8<i<13) ;
Aj (11=<j=<16)}

This model is then obtained:

Actor { =1 ooa=1 ¥

End of University Cycle:

At the end of the cycle, the three actors are involved:

e The Teacher actor portfolio is the first speaker at the
end of the academic cycle:

Teacher Actor (PE)={Si(29 <i<31);Aj (37<j<39)}

e The Student actor Portfolio is the second place at the
end of the academic cycle:

Student Actor (PT)= {Si (31 <i=<35); Aj (42<j<44)}

e The administrative actors portfolio is the last speaker
at the end of the academic cycle:
Administrator Actor (PA)= {Si (35<i=<37); Aj
(89<j=<42)}



The following model is then obtained:

—a4
Actor {; D5 > A ]

Channels L=l actors BRoles AcTivities

Agsregations,

Actars

Study Engli=h Students of =tudy

the 2nd round

Student

Fesearch Teaching
team leader
Frofessar Administer

Teacher

University Ldminister
Fresident

Administrative

mcccurrane | rasnage —
Flanager Ouduiser Oraanize

Freairkration
oo P

Table 1 :Role, Activities, Aggregation of Actors

Model of application is to justify the balance
between all the activities of all actors and their
aggregations at the end of a graduate level.

In this context, we present, as an application of
indicators defined by the makers of the university and
programmed by technical information system making the
institution in[4] order to improve the performance of each
actor.

To better understand this approach, we are
using a graphic to show the equilibrium relationship
between each actor and their activites at an
undergraduate level [6] and its aggregation, taking into
account the multiple observations to develop our model.
In the middle of our development that we present the
following scheme which provide an overview of both
synthetic and cross.
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Figure 7. Architecture of our model

b) Data sources and feeding systems

Remember that text documents are composed
[6] of four main elements: the content (plain text),
structure (logical organization of the text), context (meta
data) and the layout (layout). The tables have a data
structure formed of a series of data of the same type and
the number of elements which is fixed a priori. They are
both analytical tools and communication tools.
Databases, when with them, are collections of data
logically consistent with an intrinsic meaning. Each
represents a 'mini world' or view data. They are managed
by specific tools: the DBMS.

¢c) Cleaning and monitoring of data quality

For consistent results, we need every
establishment of the university [8]do not neglect the
quality of the original data, cleaning (Data Clearing) and
management of reference data. This is called the Data
Administration (DDA, design or data).

PREPARATHOMN

sourcas

Oparational Data Store

INTEGRATION AGGREGATION CUSTOMIZATICN

Corpormats data warshouss
v

Figure 2 Example of data integration, Source
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The classic cases to verify data administration
are redundancy, synonymy, duplicates (duplicates), the
inconsistencies according to the origin or time,
unreliability, failure to reuse and non-corporate
knowledge. The  problem of data  quality
[* 7](inhomogeneous) has become central to the design
of a data warehouse. The risks are to use data 'dirty’, to
make bad decisions, lack of relevant information, to
misjudge the impact of a decision or fail to detect an
abnormal situation. We must therefore ensure respect
some essential criteria in order to have quality data.

e Completeness Expected values are present or not.
Conformity Coherence, contradiction, format, syntax
Correct Prediction, level of detail ...

Credibility reputation, reliability ...

Accessibility ,Availability of SI source, access rights,
connectors ...

Relevance, usefulness importance, value-added ...

o Freshness, news age, persistence / volatility ...

e Comprehension,
meaning, origin ...

interpretation  understanding,

Emphasize that there is a difference between
Data ware housing and Master Data Management. A
data warehouse consolidates data from multiple
sources to feed business intelligence applications,
reporting and analysis. As MDM, Data Warehouse
consolidates the data from source systems but
conversely it is not intended to refer to these sources
changed data. Only MDM ensures data synchronization
between the repository and source systems / targets
attached.

Any kind of information value-added used
repeatedly in key processes and institutions shared by
multiple applications can be included in the scope of
MDM between the data and thus represents a candidate
for Master Data Management (see the examples in
Figure 7: Example the Repository Actor Single (UAR): a
strategic MDM declination for the university).

= compliance with the regulatory process
= sartisfacrion crors

Figure 3 . Actor Single Repository (UAR) in Master Data Management

IV. CONCLUSION

To implement this application, we went through
three main phases. The first is the theoretical part that
needs to have a model that is able to respond in an
academic setting known for its complexity (different
actors, the wealth of data, non-uniform data ..).

This requires a mathematical model defining
simple relationships between the actors, their activities
and their aggregations. The second phase focuses on
collecting data and designing a multi-dimensional. The
third used as 'data about data', or reference data in the
context of data aggregation and facilitate cross-
analyzes. These Meta data (accessibility) used to
describe the data used in analysis and decision making
as the exact definition of the data (semantics), the
source data (date, origin), how they are calculated,
aggregated (calculation rules), business rules relating
thereto, the process of extraction, transformation and
loading that has been implemented (ETL). In the case of
intelligence, so there are tools for extracting and
managing Meta data that are so flexible - that is to say,
scalable - and play an important role in the
establishment.

Data within data warehouses must be good
quality, clean, but also described by meta data to be
managed best by the Management System Database to
provide the most relevant results possible.
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Abstract - Clustering technique is one of the most important
and basic tool for data mining. Cluster algorithms have the
ability to detect clusters with irregular boundaries, minimum
spanning tree-based clustering algorithms have been widely
used in practice. In such clustering algorithms, the search for
nearest objects in the construction of minimum spanning trees
is the main source of computation and the standard solutions
take O(N?) time. In this paper, we present a fast minimum
spanning tree-inspired clustering algorithm, which, by using an
efficient implementation of the cut and the cycle property of
the minimum spanning trees, can have much Dbetter
performance than O(N?).

Keywords . Clustering, graph algorithms, Minimum
spanning tree, Divisive hierarchical clustering algorithm.

. [INTRODUCTION

iven a set of data points and a distance measure,
G clustering is the process of partitioning the data

set into subsets, called clusters, so that the data
in each subset share some properties in common.
Usually, the common properties are quantitatively
evaluated by some measures of the optimality such as
minimum intracluster distance or maximum intercluster
distance, etc.

Clustering, as an important tool to explore the
hidden structures of modern large databases, has been
extensively studied and many algorithms have been
proposed in the literature. Because of the huge variety
of the problems and data distributions, different
techniques, such as hierarchical, partitional, and
density- and model-based approaches, have been
developed and no techniques are completely
satisfactory for all the cases.

For example, some classical algorithms rely on
either the idea of grouping the data points around some
“centers” or the idea of separating the data points using
some regular geometric curves such as hyper planes.
As a result, they generally do not work well when the
boundaries of the clusters are irregular. Sufficient
empirical evidences have shown that a minimum
spanning tree representation is quite invariant to the
detailed geometric changes in clusters’ boundaries.
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Author o : Associate professor Department of Computer Science and
Engineering NOVA college of engineering for women Vijayawada.
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Therefore, the shape of a cluster has little
impact on the performance of minimum spanning tree
(MST)-based clustering algorithms, which allows us to
overcome many of the problems faced by the classical
clustering algorithms.

II. AN MST-INSPIRED CLUSTERING
ALGORITHM

Although MST-based clustering algorithms have
been widely studied, in this section, we describe a new
divide and- conquer scheme to facilitate efficient MST-
based clustering in modern large databases. Basically,
it follows the idea of the “Reverse Delete” algorithm.
Before proceeding, we give a formal proof of its
correctness.

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

Proof. First, we show that the algorithm
produces a spanning tree. This is because the graph is
given connected at the beginning and, when deleting
edges in the non increasing order, only the most
expensive edge in any cycle is deleted, which does
eliminate the cycles but not disconnect the graph,
resulting in a connected graph containing no cycle at
the end. To show that the obtained spanning tree is an
MST, consider any edge removed by the algorithm. It
can be observed that it must lie on some cycle
(otherwise removing it would disconnect the graph) and
it must be the most expensive one on it (otherwise
retaining it would violate the cycle property). Hence, the
“Reverse Delete” algorithm produces an MST.

For our MST-inspired clustering problem, it is
straightforward that n=N and m=N (N-1)/2, and the
standard solution has O (N?logN) time complexity.
However, m=0 (N? is not always necessary. The
design of a more efficient scheme is motivated by the
following observations. First, the MST-based clustering
algorithms can be more efficient if the longest edges of
an MST can be identified quickly before most of the
shorter ones are found. This is because, for some MST-
based clustering problems, if we can find the longest
edges in the MST very quickly, there is no need to
compute the exact distance values associated with the
shorter ones.

Second, for other MST-based clustering
algorithms, if the longest edges can be found quickly,

© 2012 Global Journals Inc. (US)

Global J()urnal of C()mputcr Science and chhn()l()g}' (C ) Volume XII Issue XIII



Global Journal of Computer Science and ’l'cchnol(‘)g’\' (C) Volume XII Issue XIII Version I E Year 2012

the Prim’s algorithm can be more efficiently applied to
each individual size-reduced cluster. This divide-and-
conquer approach will allow us to save the number of
distance computations tremendously.
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Figure 1. A two-dimensional five-cluster data set
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Figure 2 . Its spanning tree after the sequential
initialization

a) ASimple ldea

Given a set of S-dimensional data, i.e., each
data item is a point in the s-dimensional space, there
exists a distance between every pair of the data items.
To compute all the pairwise distances, the time
complexity is O (sN?), where N is the number of data
items in the set. Suppose at the beginning, each data
item is initialized to have a distance with another data
item in the set. For example, since the data items are
always stored sequentially, each data item can be
assigned the distance between itself and its immediate
predecessor—called a forward initialized tree—or
successor—called a backward initialized tree. These
initial distances, whatever they are, provide an upper
bound for the distance of each data item to its neighbor
in the MST.

In the implementation,
consists of two arrays:
1. Distance array
2. Index array.

the data structure

Distance Array:

The distance array is used to record the
distance of each data point to some other data point in
the sequentially stored data set.
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Index Array:

The index array records the index of the data
item at the other end of the distance in the distance
array.

According to the working principle of the MST-
based clustering algorithms, a database can be split
into partitions by identifying and removing the longest
inconsistent edges in the tree. Based on this finding,
after the sequential initialization, we can do a search in
the distance array (i.e., the current spanning tree) for the
edge that has the largest distance value, which we call
the potential longest edge candidate. Then the next step
is to check whether or not there exists another edge with
a smaller weight crossing the two partitions connected
now by this potential longest edge candidate. If the
result shows that this potential longest edge candidate
is the edge with the smallest weight crossing the two
partitions, we find the longest edge in the current
spanning tree (ST) that agrees with the longest edge in
the corresponding MST. Otherwise, we record the
update and start another round of the potential longest
edge candidate identification in the current ST.

It can be seen that the quality of our fast
algorithm depends on the quality of the initialization to
quickly expose the longest edges. Though the
sequential initialization gives us a spanning tree, when
the data are randomly stored, such a tree could be far
from being optimal. This situation can be illustrated by a
two-dimensional five cluster data set shown in Figure. 1.
Shown in Figure.2 is its spanning tree after the
sequential initialization (Sl). In order to quickly identify
the longest edges, we propose to follow the sequential
initialization by multiple runs of a recursive procedure
known as the divisive hierarchical clustering algorithm
(DHCA).

b) Divisive Hierarchical Clustering Algorithrm
Essentially, given a data set, the DHCA starts
with k randomly selected centers and then assigns
each point to its closest center, creating k partitions. At
each stage in the iteration, for each of these k partitions,
DHCA recursively selects k random centers and
continues the clustering process within each partition to
form at most k " partitions for the n" stage. In our
implementation, the procedure continues until the
number of elements in a partition is below k+2, at which
time, the distance of each data item to other data items
in that partition can be updated with a smaller value by a
brute-force nearest neighbor search. Such a strategy
ensures that points that are close to each other in space
are likely to be collocated in the same partition.
However, because any data point in a partition is closer
to its cluster center (not its nearest neighbor) than to the
center of any other partition (in case, the data point is
equidistant to two or more centers, the partition to which
the data point belongs is a random one), the data points
in the cluster’s boundaries can be misclassified into a



wrong partition. Fortunately, such possibilities can be
greatly reduced by multiple runs of DHCA. To
summarize, we believe that the advantage of DHCA is
that, after multiple runs, each point will be very close to
its true nearest neighbor in the data set.

To demonstrate this fact, one can think of this
problem as a set of independent Bernoulli trials where
one keeps running DHCA and classifying each data
point to its closest randomly selected cluster center at
each stage of the process, until it succeeds (i.e., it hits
its nearest neighbor, or at least, its approximate nearest
neighbor). Let p be the probability that a random data
point hits its nearest neighbor. Let Y be the random
variable representing the number of trials needed for a
random data point to hit its nearest neighbor. The
probability of obtaining a success on trial y is given by

P(Y=y)=a""p,

Where g=1-p denotes the probability that a
failure occurs. The relationship between p and P(Y=y) is
plotted in from it, we can see that for a randomized
process (i.e., p=0.5), at most 50 DHCAs are enough for
most of the data points to meet their nearest neighbor.
For our purpose, after the sequential initialization, a
spanning tree is constructed and each data item in the
tree has already had a distance. During the divisive
hierarchical clustering process, each data item will have
multiple distance computations.

c) MST-Inspired Clustering Algorithm

Based on the methodology presented in the
previous two sections, given a loose estimate of
minimum and maximum numbers of data items in each
cluster, an iterative approach for our MST-inspired
clustering algorithm can be summarized in the following:

1. Start with a spanning tree built by the SI.

2. Calculate the mean and the standard deviation of
the edge weights in the current distance array and
use their sum as the threshold. Partially refine the
spanning tree by running our DHCA multiple times
until the percentage threshold difference between
two consecutively updated distance arrays is below
10°.

3. Identify and verify the longest edge candidates by

running MDHCA until two consecutive longest edge

distances converge to the same value at the same
places.

Remove this longest edge.

5. If the number of clusters in the data set is preset or
if the difference between two consecutively removed
longest edges has a percentage decrement larger
than 50 percent of the previous one, we stop.
Otherwise go to Step 3.

»
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Figure 3 . Updated spanning tree using DHCAs

We stop Step 2 when the percentage threshold
difference between two consecutive pruning thresholds,
i.e., its percentage decrement, is below a threshold, say
10° in our implementation, because further DHCA-
based distance upper bound updates will not bring us
more gains which are worth the overhead of the DHCA.
The spanning tree after the DHCA updates for the one
shown in Figure. 2 is manifested in Figure. 3.

The terminating condition presented in the
above MST inspired clustering algorithm is under the
assumptions that the clusters are well separated and
there are no outstanding outliers. However, in many real-
world problems, the clusters are not always well
separated and noise in the form of outliers often exists.
For these cases, some of the longest edges do not
correspond to any cluster separations or breaks but are
associated with the outliers for such cases, we propose
terminating

Conditions of that are adaption results from LM
algorithm and the MSDR algorithm.

The advantage of the LM algorithm is the
avoidance of unnecessary large number of small
clusters. The advantage of the MSDR algorithm is that it
can find the optimal cluster separations, particularly for
cases where there exist some unknown hidden
structures in the data set.

The adapted LM algorithm is the following:

1. Get a loose estimate of the maximum and
Minimum number of data points for each cluster.

2. Always cut the largest subcluster and cut an edge
only when the sizes of both clusters resulted by
cutting that edge are larger than the minimum
number of data points.

3. Terminates when the size of the largest cluster
becomes smaller than the estimated maximum
number of data points.

The adapted LM algorithm is the following:

1. Calculate the mean and the standard deviation of
the edge weights in the distance array and use their
sum as the threshold. ‘Remove the longest edge
that is larger than the threshold and that links either
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a single point or a very small number of data points
to the MST.

2. Continue Steps 1 and 2 until the edge is reached,
by removing which, two large groups will form from
the single largest group before that edge is cut.

3. Apply the MSDR algorithm on the denoised MST

4. Assign the removed data points the same cluster
Label as their nearest neighbor’s.

a) Time Complexity Analysis

From the description in the previous sections, it
can be seen that our algorithm mainly consists of two
phases. The first phase includes the sequential
initialization and the DHCA spanning tree updating, and
the second phase uses the MDHCA to locate the
longest edges and partitions the obtained approximate
minimum spanning tree to form sensible clusters. We
expect the original DHCAs (i.e., no thresholding
involved) to scale as O (fN logN), where f denotes the
number of DHCA constructed before the terminating
condition is satisfied. Since in our implementation, at
each step of the spanning tree updating using the
DHCA, before we assign a data item to a cluster center,
if its current distance upper bound is smaller than the
threshold (i.e., the sum of the mean and one standard
deviation of the tree edge weights), we ignore it, the time
complexity is actually (d(xN)log(xN)), where x is between
Oand 1.

Therefore, as long as x is small enough, the
time complexity could be near linear on average.
Though its worst time complexity could be O(N?), the
average time complexity of the second phase is O(eN
logN), where e denotes the number of MDHCA
constructed before the terminating condition is satisfied.
Since, on average, the number of longest edges is
much smaller than the data set size N, as long as the
spanning tree constructed in the first phase is very close
to the true minimum spanning tree, we expect our MST-
inspired algorithm to scale as O(log N).

e) Pseudocode for Our Clustering Algorithrm

The implementation of the DHCA in our
approach is through the design of a C++ data structure
called Node. The Node data structure has several
member variables that remember the indexes of the
subset of the data items that are clustered into it from its
parent level, the indexes of its randomly chosen k cluster
centers from its own set for its descendants, and a main
member function that generates k new nodes by
clustering its own set into k sub clusters. The outputs of
the Node data structure are at most k new Nodes as the
descendents of the current one.

The divisive hierarchical clustering process
starts with creating a Node instance, called the top
Node. This top Node has every data item in the data set
as its samples. From these samples, this top Node
randomly chooses k data points as its clustering centers
and assigns each sample to its nearest one, generating
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k data subsets in the form of k Nodes. Only when the
number of samples in a Node is larger than a
predefined cluster size will that Node be pushed to the
back of the topNode, forming an array of Nodes. This
process continues recursively. With the new Nodes
being generated on the fly and pushed to the back of
the Node array, they will be processed in order until no
new Nodes are generated and the end of the existing
Node array is reached.

Totally, we need two variants of the DHCA
procedure, DHCA for our spanning tree updating, and
MDHCA for the cycle property implementation. The
DHCA ST procedure is given in Table 1. The DHCA
CYC procedure is the same as DHCA ST except for the
ways to choose cluster centers and will not be repeated
here.

Procedure Name DHCA_ST
Input:
Dist_st, edge st The ST distance array and index
array
Dist_knn,edge_knn The auxiliary arrays to remember k-
Nearest

Neighbours(kNN) for each data item
kNN The no.of NNs of a data item
nodeArray An array of the Node structures
currentNode The current Node in the Node array

k The number of clusters at each step

data The input data set
maxclustersize The maximum size of each clusters
threshold The value used to filter
Output:
Updated  dist_st,edge_st,dist knn,edge knn and  new
generated< =k
Nodes which are pushed to the back of nodeArray
Begin
Randomly select k centers from sampleNumbers of
currentNode;

Generate k newNodes;

For each sample i in sampleNumbers of currentNode
that is not

a center

{
find its  nearest
if((dist_st[i] <distance(i , j)&&
(sampleNumber(i]>sampleNumber[j]))
{

Update dist_st, edge_st;
}

if(dist_knn[i].max>distance(i,j))

{ Update dist_knn, edge_knn;
i}%(dist_st[i]>threshold)
aséign sampleNumbers]i] to groups of center j;
\ }

for each newNode j=1to k

center | out of Kk;

if(newNode[j].sampleNumbers.size() >maxclustersize)
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{
}

Push newNode[j] to the end of nodeAyyay;

}
End

dist_knn[i].max is the KNNth nearest neighbor of data item

Original image

On our MST

(c) On Prim’'s MST
Figure (a-c) : Results of the adapted MSDR algorithm

We conducted extensive experiments to
evaluate our algorithm against the k-means algorithm
and two other state-of-the-art MST-based clustering
algorithms on three standard synthetic data sets and
two real data sets. The experimental results show that
our proposed MST inspired clustering algorithm is very
effective and stable when applied to various clustering
problems. Since there often exist some structures in the
data sets, our algorithm does not necessarily require but
can automatically detrmine the desired number of
clusters by itself.

In the future, we will further study the rich
properties of the existing MST algorithms and adapt our
proposed MST inspired clustering algorithm to more
general and larger data sets, particularly when the whole
data set cannot fit into the main memory.

1.  CONCLUSION

As a graph partition technigue, the MST-based
clustering algorithms are of growing importance in
detecting the irregular boundaries. A central problem in
such clustering algorithms is the classic quadratic time
complexity on the construction of an MST. In this paper,
we present a more efficient method that can quickly
identify the longest edges in an MST so as to save some
computations. Our contribution is the design of a new
MST-inspired clustering algorithm for large data sets
(however, without any specific requirements on the
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distance measure used) by utilizing a DHCA in an
efficient implementation of the cut and the cycle

property.
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System Design Principles — Reuse: Online
Attendance System

ChVMKHari* KSV Krishna Srikanth® & N S S S Girish Kumar?®

Abstract - Software engineering is an engineering approach for
software development. In order to develop large software
several phases has to be followed by the developer to achieve
good quality software; cost effectively. System Design is the
most important activity in software development which reflects
reusability. System Design specifies what a new or modified
system is going to do. To achieve good quality software, the
primary characteristics of neat module decomposition are low
coupling {data coupling}, high cohesion {functional
cohesion} and top-down approach has to be followed. We
applied these principles on developing Online Attendance
System and observed reusability of code. The system has
been successfully tested in our institute. Effective design
principles always lead to an effective reusability which in turn
benefited with Return on Investment (ROI).

Keyterms : Design, Coupling, Cohesion, Reusabiliy,
Online Attendance System.

[. INTRODUCTION

oftware engineering is the application of a
Systematic, disciplineqd, quantifiable approach to

the development, operation, maintenance and
retirement of software [1]. The use of the term
systematic approach implies that methodologies are
used for developing software. Software engineering
includes process, managing techniques, technical
methods, and use of tools. Software engineering deals
with the problem of developing ‘large’ software.
Software engineering helps to reduce the programming
complexity.  Software  engineering  principles  or
methodologies use two important techniques (1)
abstraction and (2) decomposition to reduce problem
complexity. The principle of absiraction implies that a
problem can be simplified by omitting irrelevant details.
The principle of decomposition states that a complex
problem is divided into several smaller problems and
then smaller problems are solved one by one.

The goal of software engineering is to develop
high quality software with low cost i.e., within time and
budget constraints. New software systems are built from
the old ones and all must interoperate and cooperate
with each other.

Software is meant to solve some problem of the
client (the people whose needs are to be satisfied by the
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software). The problem is to develop software
systematically to satisfy the needs of clients [2]. There
are some factors for basic problem which affect the
approaches selected to solve the problem and these
factors are the primary forces that drive the progress
and development in the field of software engineering.

Software Development Life Cycle activities will
have several stages where in one identifies the problem
to be solved, develop a design, writes the code and so
on. Software life cycle defines entry and exit criteria for
every phase. A phase can start only if its phase-entry
criteria have been satisfied. Without software life cycle it
becomes difficult for software project managers to
monitor the progress of the project. The software life-
cycle [5, 6] consists of: feasibility study, requirements
analysis, design, construction, testing (validation),
deployment and maintenance. The development
process tends to run iteratively through these phases
rather than linearly.

Upon successfully demonstrating the feasibility
of a project, the requirements analysis begins. The
design starts after the requirements analysis is
complete, and coding begins after the design is
complete. Once the programming is completed, the
code is integrated and testing is done. Upon successful
completion of testing, the system is installed. After this,
the regular operation and maintenance of the system
takes place.

Feasibility Study Feasibility Report

Requirement

Analvsis SRS Document

System Design System Design Document

Construction Programs

Testing Test Plan

Deployment User Manuals

Maintenance

Fig. 1. Software Life Cycle
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System Design is the process of defining
architecture, modules, interfaces and data for a system
to specify the requirements of proposed system. The
design of a system is essentially a blueprint or a plan for
a solution for the system. It specifies what components
are needed for the system, their behavior and how they
should be interconnected [2, 3]. The design activity
begins when the SRS document is available. During
design we further refine the architecture. The goalis to
transform the requirements specified in the document
into a structure that is suitable for implementation in
some programming language.

Design focuses on the module view. A module
of a system can be considered a system, with its own
modules. A system as set of modules with defined
behavior interacts with each other in a defined manner
may produce some behavior or services for its
environment. A good software design can be arrived
infrequently by using single step procedure but rather
through several iterations through a series of steps.

The design characteristics include the following:

1. Top-down approach: A top-down design approach
starts by identifying the major components of the
system, decomposing them into their lower-level
components and iterating until the desired level of
detail is achieved.

2. Coupling. Coupling between modules is the
strength of interconnections between modules or a
measure of the degree of interdependence between
two modules. Classification of different types of
coupling will help to estimate the degree between
modules. The classification starts from /low fo high:

a. Data Coupling. Two modules are said to be data
coupled, if communication of modules is through
a parameter.

b. Stamp Coupling. Two modules are said to be
stamp coupled provided, if communication of
modules is through composite parameters.

c. Control Coupling. Two modules are said to be
control coupled when one module controls the
execution behavior of another module.

d. Common Coupling. Two modules are said to be
common coupled, if they share data through
some global data items.

e. Content Coupling. Two modules are said to be
content coupled provided one module refers to a
piece of information defined in other module.

3. Cohesior. Cohesion of a module represents how
the internal elements of the module are tightly
bound to one another. Cohesion of a module gives
the designer an idea about the different functions in
it and how they belong together in the same
module.

The different classes of cohesion that a module
may possess from Ajgh to low are:
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a. Functional Cohesion: It is the highest. In this, all
the elements of the module contribute to achieve
a single function.

b. Sequential Cohesior. When the elements are
together in a module, the output of one element
forms the input to another.

c. Communication Cohesion: In this, the elements
are together and they operate on the same input
or output data.

d. Procedural Cohesion: In this, a module contains
number of functions in which certain sequences
have to be carried out for achieving an objective.

e. Temporal Cohesion. In this, elements of the
module are executed in the same time span.

f.  Logical Cohesion: It occurs if all the elements of a
module have some logical relationship between
them and perform similar operations.

g. Coincidental Cohesion: It is the lowest. A module
is said to be coincidental cohesive, if it performs
set of tasks that relate to each other very loosely
and functions put in are out of pure coincidence
without any design.

4. Span of Control Number of subordinate modules
under given modules.

Size: Indicates the overall code size.

Sharability of moaules: |dentify the commonalities
with the program.

o o

A module with high cohesion and low coupling
is said to be functionally independent of other modules
i.e., cohesive module performs a single task or function
and has minimal interaction with other modules.
Functional independence is a sign to a good design as
it reduces error propagation; reuse of a module
becomes possible; and the complexity of the design is
reduced.

I1. PROPOSED DESIGN PRINCIPLES

a) Top-down Approach

The top-down approach starts from the higher
levels and decompose downwards to lower levels,
identifying connections/collaborations at every stage.
The top-down approach (also called stepwise design)
starts from high level design description and break it
down into different sub design or systems to gain
observation into its composed sub systems. This gives
good understanding of the problem. This starts with
system specifications. It specifies/defines a module to
implement the specifications. It specifies subordinate
modules and then treats each specified module as the
problem. Top-down design methods result in some form
of elaboration where we reach to a level when no more
refinement is needed and the design can be
implemented  directly. The top-down approach
published by many researchers is found to be extremely
useful for design. Most design methodologies are based
on the top-down approach.



b) Coupling

Coupling is a measure of the relationship (i.e.,
dependency) between two modules. Coupling
measures the degree to which each program module
depends on each one of the other modules [3, 7].
Coupling is a measure of interconnection among
modules in a program structure. Coupling captures the
notion of dependence. Coupling tries to capture how
strongly modules are interconnected. Coupling depends
on type of information flow.

If two modules interchange large amounts of
data, then they are highly independent. The degree of
coupling depends on their interface complexity. The
interface complexity is determined by number of types
of parameters that are interchanged while invoking the
functions of the module. Low coupling is often a note of
good design as it supports goals of high readability and
maintainability.

Data Coupling : Data coupling occurs between
two modules when data are passed by parameters
using a simple argument list and every item in the list is
used. An example is an elementary data item (which
should be problem related) passed as parameter
between two modules. Example can be an integer, a
character, a string etc.

Student information
Retrieve student
attendance

Retrieve student
details

Student ID

Fig. 2 . illustrates the module that retrieves student
information using student id

Strengths of data coupling are: a module sees
only the data elements it requires. Weakness of data
coupling is, a module can be difficult to maintain if many
data elements are passed.

c) Cohesion

Cohesion considers maximizing relationship
between elements of same module. Cohesion is the
measure of functional strength of a module [4, 7]. High
cohesion is a mark for associating desirable features of
software including robustness, reliability, reusability and
understandability.

Functional Cohesion : Functional cohesion is
the strongest cohesion. In a functionally bound module,
all the elements of the module are related to performing
a single function. By function, we mean modules
accomplishing a single goal. A functionally cohesive
module performs one and only one problem related
task. Functionally cohesive modules may be simple and
perform one task, such as Read Customer Record.

For example, a module containing all the
functions required to manage employees’ pay-roll
exhibits functional cohesion. When a module exhibits
functional cohesion, then we could be able to describe it
using a single sentence.

Strengths of functional cohesion are functionally
cohesive modules are good candidates for re-use,
systems built with functionally cohesive modules are
easily understood and, therefore, easier to maintain.
Weakness of functional cohesion is designers should
guard against designing over-simplified modules or
methods. If functional cohesion is taken too far in
structured design, the system design consists of
hundreds of modules comprised of two or three lines of
code.

ad) Span of Control

Span of Control is a measure of the number of
modules directly controlled by a higher-level routine. It is
the number of sub-modules under a module. The
number of subordinate modules for a project can be in 3
or 5 modules or levels.

Main Module
| [OAS]

[ Admin [ Faculty [ Head [ Student

Fig. 3 :illustrates the span of control for OAS main
module as 4

e) Size
The size indicates the overall
Example, 50 lines of code.

code size.

1) Sharability of modules
Identify the commonalities with the program and
identify reuse components before development.

[11. CASE STUDY: ONLINE ATTENDANCE
SYSTEM

Online Attendance System is software
developed for daily student attendance in colleges and
institutes. It facilitates to access the attendance
information of a particular student in a particular class.
The attendance information is sorted by the system,
which will be provided by the faculty for a particular
class. This system will also help in evaluating
attendance eligibility criteria of a student [8]. This helps
faculty marks student’s class attendance easily and
quickly.

The purpose of developing online attendance
system is to produce a computerized solution to manual
attendance procedure as manual process is time
consuming & mostly not effective and another purpose
is to generate the report automatically at the end of the
session, and also at end of the academic.

This attendance system lets
administration do the following easily:
> Prints class attendance sheets when needed.
» Faculty checks student attendance instantly.

faculty and
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» The Head of the department or institution can check
the attendance monthly, date-wise, at end of the
academic and also check the summarized
attendance of particular student when required.

The scope of the project is this system is
intended for engineering institutions which is a web
application. In this system there are mainly four entities;
admin, faculty, HOD and student. The admin is the main
secretary of the system who enters the data into the
system.

a) Admin Module

The first entity is Admin who is the powerful in
the system. The admin has the possibility to add new
students, new faculty, new subjects and new courses;
edit and delete the existing ones. The admin can update
details of multiple students where students can be
promoted to next class or semester easily.

The admin can allocate subjects to faculty for a
particular class, so that the attendance registers are
created dynamically. If allocation for a subject is
updated with new faculty, the created registers are
transferred to that particular faculty. The admin can view
the allocations and registers as and when required.

For faculties to take attendance of an
academic, the admin has the possibility to set
attendance start date and end date. For new academic,
the existing dates are deleted and added again.

To send the attendance report of the student to
their parents, the admin gets the absentees’ details of all
the classes on the given date and details of the students
whose attendance is less than the required percentage
for the given month.

b) Faculty Module

The second entity is Faculty who plays an
important role in the system. The Faculty takes the
attendance of the students in this module.

The Faculty when selects the date, period and
the register, navigates to the selected register where the
attendance is taken to the students and saves the
details which cannot be updated. When selecting the
date, the faculty can give attendance from the
mentioned start date and end date added by the admin.

To view the register of the subjects handled by
the Faculty, the faculty selects the register, and views
the attendance details of all the students till date. The
Faculty can also view the overall number of classes,
total attended classes and the percentage.

c) HOD Module

The HOD module also plays a major role in the
system. This module is exceptionally used to view the
attendance reports of the student. The user of this
module can be Head of the Department or Head of the
Institution.

© 2012 Global Journals Inc. (US)

The Reports include:

1)  Subject-Wise Report, where faculty is selected, and
obtains the list of registers of the particular faculty.
This is similar to the register view of the faculty
module.

2) Student-Wise Report, where the student ID is given
to get the cumulative attendance report of the
student for all subjects where report contains total
classes, attended classes and the percentage of
the attendance.

3) Date-Wise Report, where particular class and date
are selected to view the attendance of the given
date for all periods.

4)  Monthly Report, where particular class and month
are selected to view the attendance report in a
cumulative format for all subjects with total classes,
attended classes and percentage.

5) Semester-Wise Report, where particular class is
selected to view the overall attendance report of the
semester or academic up to the attendance end
date. This report will be generated only after the
attendance end date. This report is also similar to
the cumulative format of monthly report.

d) Student Module

The final entity is the Student where he/she can
get details that include the profile, and attendance
report. The attendance details contain the total classes,
attended classes. To get the percentage of the
attendance to the classes attended, it is generated only
after the attendance end date. This is also similar to
Student-Wise report in the HOD module.

The four entities or modules mentioned above
can access the features given to them in the system,
where they have to login with their own username and
password.

The Online Attendance System applies the
proposed design principles, where the operations
performed by each entity satisfy the characteristics of
design low coupling and high cohesion which provides
an efficient system for ease of usage. The top-down
approach when used illustrated the software
engineering principle decomposition where the system
is broken into different sub-modules so that the module
required to start is easily identified and implemented
from that level. When applying system design principles
to the application, application quality has improved and
is operated at high level of efficiency and the
requirements of the system specified are satisfied.
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Fig. 8 :HOD Module — Selection Interface for Monthly
Report

Fig. 9 : Cumulative Report for selected Month with all
subjects
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Fig. 17 . Cumulative Semester Wise Report with all
subjects
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Fig. 12 . Attendance Report Viewed by Student

V. CONCLUSION

This paper mainly elaborates basic principles of
System Design and enumerates reusability is best
practice for deliver product facility. The Online
Attendance System that is developed meets the design
objectives of the system design for which it has been
developed. The users associated with the system
understand its advantage and easily navigates with the
user interface. It was intended to solve as requirement
specification. The current system can be a good
reference when implementing a similar system in other
institutions as the system is proved to be workable and
effective.
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Requirement Implementation and Defect
Removal across Component Versions: A
Simulation Based Approach

P K Suri® & Sandeep Kumar®

Abstract - Competition in component market and short time to
market the software components forces the organization to
develop and launch the components in an iterative manner.
Components are launched in various versions. All gathered
requirements cannot be implemented in initial version. So
requirements need to be prioritized and implemented in
subsequent versions. Similarly defects in one version are taken
care of in subsequent versions. In the present work we have
proposed a simulation model that can be used to study the
operational characteristics of the requirements implementation
process and defect removal process in a Component Based
Software.

Keywords Component Based Software, COTS,
Simulation,  Requirements  Implementation, Defects
Removal, Exponential Distribution, Normal Distribution.

l. [INTRODUCTION

raditionally, development of software would focus
Ton developing for a particular kind of application

only. But Component Based Development is a
market driven technology. Here Components are not
developed for a specific application. Rather they are
developed to be reused in many different kinds of
applications. Different organizations in the common
marketplace offer different components for the same
functionality. Though, competition in the market is not
that much high at present, but looking at the growth
trends of the component based technology, the day
doesn’t seem to be far away when there will be a cut
throat competition in the COTS market. In such type of
scenario, it becomes very important for various market
players and stakeholders to develop quality software
components in least available time and release them in
market. In this market driven environment, Requirement
Engineering is getting more and more attention
[1].[21.[3]

It's not only that quality components are to be
released in the market as soon as possible; equally
important is that the quality of the components is
improved gradually. Various organizations throughout
geographically  dispersed locations improve the
components continuously and release their independent
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HCTM Technical Campus, Kaithal, Haryana, India.-136034.

Author o Assistant Professor and Head, Faculty of Computer
Applications, Galaxy Global Group of Institutions, Dinarpur, Ambala,
Haryana-133207, India. E-mail . sandeepnain77@gmail.com

versions in the market after the improvements [4], [5],
[6]. If we follow Evolutionary development paradigm [14]
then an organization must deliver first operational
version of the software or component as fast as the
system architecture is defined. This first version should
incorporate a minimum set of requirements in such a
way so that the end user can start working with it. That's
why this initial version should be called an operational
model. One of the reasons for the early release of the
first operational version and subsequent versions of a
software component is short time to market for
components. Once first version of the component has
been released in the market and used by the users,
remaining system requirements (that were not
incorporated in the earlier version) and some new
requirements can be added to the component in its
future version releases. Not only this, users of the
component will come up with certain defects in the
earlier version of the component. These defects can
also be removed in such a way that they are not present
in all future versions. Though it is possible that some
new defects may creep-up in the current version
release, and they can always be taken care of in the next
version.

Although it is never possible to freeze the
requirements in any software development paradigm,
still efforts should be made to gather as much
requirements as possible, before the release of first
version of that component. Out of these most important
features can be implemented in the first version of the
component and rest of the features can be implemented
in subsequent component versions, along with newly
generated requirements between release of any two
versions, and defects identified in previous component
version removed.

For the efficient development of software
component, requirements should be properly elicited,
analysed and documented at the beginning of a project.
Also important is the correct implementation and
management of these requirements in the later stages
of the component development and integration. This
becomes all the more important because all other
component development activities are based on how
efficiently requirements have been managed. In an ideal
software component development environment it is just
sufficient to elaborate the requirements into working
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software component designs, code, and tests. But
software development in general and component
development in particular is not that much a straight
forward thing. In practical software development
process (component development processes in that
sense), the requirements keep changing, new
requirements keep coming and sometimes old
requirements need to be removed also. So the process
of management and implementation of requirements is
a complex task. Need to develop and release initial
component version as quickly as possible makes the
process more complex. Due to this sometimes
problems are encountered in maintaining consistency
among the various releases of the component versions.
These problems generally come into picture when
components are integrated in a component based
system.

The process improvement proposals in an
organization can be analysed by carrying out pilot
studies or controlled experiments in that organization
[7]. But this method is very time consuming and
resource crunching. Alternatively, simulations can be
used to study the behaviour of such a system [8], [9].
Simulation approach has been applied in many areas of
engineering and is suitable for application in evaluation
of software development processes also. After analysing
the new processes using simulation, they can also be
analysed in experiments and case studies to establish
the fairness of the results obtained using simulation. In
this way simulations can be a natural part of technology
transfer [10] and evaluation. If simulation is applied for
the evaluation of new technologies and processes then
it becomes easy to identify the changes and evaluate
them in experiments and pilot projects. Sometimes there
are certain changes that do not result in process
improvement. Application of simulation reduces the risks
associated with such changes. Lot of human resources
are often involved in experiments and pilot-studies in an
organization, introduction and evaluation of wrong
changes can lead to a lot of problems. This can
potentially damage the continued process improvement
work in the organisation for a long time. Hence
simulation is needed in the evaluation of new software
process technologies.

In the present work, we have proposed
application of discrete event simulation [11] using
queuing network model [12]. Objective of the study is to
find ways for effective management of the human
resources of an organization for requirement
management and implementation and defect removal
while releasing various versions of a software
component one after the other. The motivation for the
proposed model has come from REPEAT (Requirement
Engineering Process At Telelogic)[15].

Basic idea is to have a database of all the
requirements to be implemented in a software
component. But it is not possible to implement all the

© 2012 Global Journals Inc. (US)

requirements in first (or few subsequent versions for that
matter) version of the component due to many factors.
Most influential of these factors being the competition
from other market players and very short time to market.
Due to this reason requirements need to be prioritized
on some basis and implemented according to their
priorities. The steps of the REPEAT lifecycle model for
requirement implementation are given as follow [13]:

New

This state represents the initial state of a
requirement, and every requirement is defined as new
immediately after it has been issued and given an initial
priority.

Assigned

A requirement is elevated to the assigned state
when an expert team has been assigned to investigate
the requirement and determine the value of a number of
attributes.

Classified

When reaching this state, an expert team has
assigned values to attributes representing a rough
estimate of cost and architectural impact. Comments
and implementation ideas may also be stated.

Selected

All requirements in this state are selected for
implementation for the coming release. They are sorted
in priority order on two list: a must-list for mandatory
requirements and a wish-list for ‘“nice-to-have”
requirements. They also have attributes assigned
concerning detailed cost and impact estimations. There
is also a more detailed textual specification of the
requirement. A  selected requirement may be
deselected, due to changed circumstances, and then
re-enters the classification state or gets rejected.

Applied

This is an end-state indicating that the
requirement has been implemented and verified. The
requirement is now incorporated in a component release
that can be marketed to customers.
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Fig. 7 : Repeat Requirement Lifecycle Model [CAR 2000]

Rejected

This is an end-state indicating that the
requirement has been rejected, e.g. because it is a
duplicate, already implemented, or it does not comply
with the long-term product strategy.

1. PROPOSED MODEL

For the proposed model, we assume that first
operational version of the component has been released
in the market. Model can be implemented from second
version onwards. Once, the first component version
(with bare  minimum  requirements)  becomes
operational, process for the release of second and
subsequent versions start. More requirements may be
added to the requirement database between the
releases of any two versions. So this set of requirements
to be implemented in a version of software component
form a queue. These requirements are to be
implemented by a team of developers. Once a
component has been released in the market, it is used
by various end users in their applications and feedback
from the users is received. Certain defects may also be
reported by the users. These defects may have crept in
due to implementation errors or discrepancies. These
defects need to be removed so that they are not part of
any future version of the component. So these defects
form another set of inputs to the system. We assume
that requirements to be implemented in the future
component version and defects reported from the
previous component version form a common queue.

System is modelled as “two parallel servers” queuing
system. It is the job of Software Component project
manager, modelled as team T, to decide which of the
inputs are new requirements, and which of the inputs
are defects. Depending upon the nature of input, it is
assigned to a different team. Requirement
implementation is performed by team TR and defect
removal process is performed by team TD.
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) at any time.
[1I.  TERMS AND NOTATIONS maxqD Maximum defects in queue at team TD at any
Following terms and notations have been used time.
for the proposed queuing model of the system as far as IV.  ALGORITHM

arrival patterns and service patterns are concerned:

A . Average requirement/defect inter arrival time
atteamT.
u Requirements/Defects arrival rate at team T.

mR Mean service time of team TR.

sdR Standard Deviation of service times at team
TR.

mD Mean service time at team TD.

sdD Standard Deviation of service times at team
TD.

N . Total no. of arrivals at team T (requirements+
defects).

R : No. of requirements implemented by team
TR.

D : No. of defects removed by team TD.

gR : Queue length of requirements at team TR.

fo]B] : Queue length of defects at team TD.

sR . Service terminating at team TR
(Requirements).

sD . Service terminating at team TD (Defects).

IAT Inter arrival time between any two
consecutive requirements/ defects.

NAT Next arrival time of requirement/ defect.

wiR Time a requirement waits in queue before it is
implemented.

wiD Time a defect waits in the queue before it is
removed.

itR . Idle time of team TR.

itD . Idle time of team TD.

btR . Busy time of team TR

btD Busy time of team TD

stR Team TR service time.

stD Team TD service time.

SRUNS No. of simulation Runs.

d Random number.

maxgR Maximum requirements in queue at team TR
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Formally, algorithm for the model is described
as follows:

1. Read Input Data.

2. Initialize SRUNS. Set clock:=0, N:=0, R:=0, D:=0,

gR:=0, gD:=0, sR:=0, sD:=0, wtR:=0, witD:=0,

itR:=0, itD:=0.

Generate random numbers r;'s.

4. Compute inter arrival times of requirements/defects
(IAT’s) at team T using exponential distribution with
arrival rate u.

5. (At team T, categorise arrival as a requirement or
defect.)

If (< .8),

Designate
increment gR.

Else

@

the arrival as a requirement,

Designate the arrival as a defect, increment gD.
6. (Check present status of team TR)

a. If (clock >=sR), then do
Update wtR.
If gR is positive, then do

i. Decrement gR by 1.

i. Generate stR’s using normal distribution with
mean mR and standard deviation sdR.

iii. sR:= clock+stR.

iv. IncrementR by 1.
Else do
Update itR (idle time of team TR).

b. If (clock <sR) then do
Update waiting time, wtR of requirement at team TR.



7. (Check present status of team TD)

a. If (clock >=sD), then do
Update wtD.
If gR is positive, then do

i. Decrement gD by 1.

i, Generate stD’s using normal distribution with
mean mD and standard deviation sdD.

iii. sD:= clock+stD.

iv. Increment D by 1.
Else do
Update itD (idle time of team TD).

b. If (clock <sD), then do
Update waiting time, wtD of requirement at team TD.

8. Compute total Busy and Idle times of team TR and
TD

9. Compute average waiting times of requirements
and defects.

10. Print Required Data.

11. Stop.

V. RESULTS AND DISCUSSION

Simulator was executed for various values of
SRUNS. If we assume that on an average 1 requirement
or defect arrives at team T every 7 time units, with
exponential distribution, requirements are implemented

by team TR at a service rate that is normally distributed
with value of mR=6.0 and sdR=2.0; and defects are
removed by team TD at a service rate that is again
normally distributed with value of mD=12.0 and
sdD=6.0, then results for various values of SRUNS are
shown in table 1.

Graph in figure 3 shows that values of various
operational characteristics have larger variation if
simulator is run less than 10000 times. Values of btR,
itR, btD and itD tend to stabilize after 10000 simulation
runs. Same is true for the results depicted in figure 4.
Hence it can be said that 10000 simulation runs are
sufficient to get the accurate results.

Relationships between number of simulation runs v/s N,
R and D is shown in figure 5.

Table 2 shows the results obtained from 50000
simulation runs where value of A varies from 5 to 10 in
steps of 1. Table contains values of idle times of teams
TR (itR) and TD (iTD), waiting times of teams TR (wtR)
and team TD (wtD) and maximum queue lengths at TR
and TD for various values of A. It is clear from figure 4
that idle times of team TR (itR) and team TD (itD)
increase with the increase in the value of A. waiting times
of the requirements and defects decrease with increase
in the values of A. There is variation in maximum queue
lengths initially, but as the value of A increases,
maximum queue lengths for both the teams tend to get
stabilize.

SRUNS btR btD itR itD WwtR | wiD Ma | Max N R D
%) | () | (%) | (% |(avg)| (@g)| aR | aD

1000 74.43 27.7 25.57 72.3 6.43 10.38 6 3 149 127 22

2000 76.79 | 35.04 | 23.21 64.96 8.53 5.38 7 3 308 257 51
10000 69.14 | 3413 | 30.86 | 65.87 7.55 3.93 11 3 1429 | 1151 278
20000 67.44 | 3472 | 3256 | 65.28 6.89 3.52 11 3 2805 | 2232 572
30000 68.35 35.2 32.65 64.8 7.32 3.87 11 4 4257 | 3396 861
40000 68.63 | 35.47 | 31.37 | 64.53 7.02 3.62 11 4 5711 | 4555 | 1156
50000 68.73 | 35.64 | 31.27 | 64.36 6.85 3.72 11 4 4146 | 5698 | 1441

Table 1 :
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N/R/D

1000 2000 10000 20000 30000 40000 50000
SRUNS
——N —@=R =4—D
Fig. 5 :
A u itR itD wiR wiD maxgR maxgD
5 02 435 | 5265 | 4913 | 7.07 30 6
6 01667 | 1921 | 5924 | 139 | 573 23 7
7 01429 | 3116 | 688 | 742 | 421 7 3
8 0125 | 3876 | 7004 | 506 | 3.26 8 4
9 0111 | 456 | 732 | 402 | 273 8 4
10 0.1 5732 | 7556 | 3.03 | 243 6 3
Table 2 .
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VI. CONCLUSION

In the presented work, a simulator has been
proposed that can be helpful in implementation of user
requirements and removal of defects across various
versions of a software component in such a way so that
size of the requirements implementation team and
defects removal team can be optimized. Simulator has
been modelled as a two parallel server queuing model,
where requirements and defects initially form a common
queue and then they are categorized as requirements or
defects  depending upon their characteristics.
Requirements and defects are then handled by different
teams. Busy and idle times of both the teams can be
studied and depending upon that team size can be
decided. Simulator can also be used to study other
operational characteristics like the time a requirement or
defect has to spend waiting before it is implemented/
removed and maximum length of the queues formed by
requirements and defects at each team.
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Abstract - Mediated class relations and method calls as a
confounding factor on coupling and cohesion metrics to
assess the fault proneness of object oriented software is
evaluated and proposed new cohesion and coupling metrics
labeled as mediated cohesion (MCH) and mediated coupling
(MCO) proposed. These measures differ from the majority of
established metrics in two respects: they reflect the degree to
which entities are coupled or resemble each other, and they
take account of mediated relations in couplings or similarities.
An empirical comparison of the new measures with eight
established metrics is described. The new measures are
shown to be consistently superior at measure the fault
proneness.

. [INTRODUCTION

bject Oriented (OO) design and code, for
Oinstanoe, [1,2,3 4,5,6,7,8,9 10, 11, 12, 13,

14, 15]. These metrics offer ways to evaluate the
excellence of software and their use in former phases of
software development can help organizations in
evaluating large software development quickly, at a low
cost [3]. But how do we know which metrics are
functional in capturing important quality attributes such
as Degree of Fault prone, effort, efficiency or amount of
maintenance adaptations. Experiential studies of real
systems can provide relevant answers. There have been
few empirical studies evaluating the effect of object-
oriented metrics on software quality and constructing
models that utilize them in predicting quality attributes in
the system, such as [16, 17, 18, 19, 5, 20, 21, 22, 23, 8,
12, 24]. More data based by empirical studies, which
are capable of being verified by observation or
experiment are needed. The evidence gathered through
these empirical studies is today considered to be the
most powerful support possible for testing a given
hypothesis.

A well designed component, in which the
functionality has been appropriately distributed to its
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various subcomponents, is more likely to be fault free
and will be easier to adapt. Appropriate distribution of
function underlies two key concepts of object-oriented
design: coupling and cohesion. Coupling is the extent to
which the various subcomponents interact. If they are
highly interdependent then changes to one are likely to
have significant effects on the behavior of others. Hence
loose coupling between its subcomponents is a
desirable characteristic of a component. Cohesion is the
extent to which the functions performed by a subsystem
are related. If a subcomponent is responsible for a
number of unrelated functions then the functionality has
been poorly distributed to subcomponents. Hence high
cohesion is a characteristic of a well designed
subcomponent.

Many metrics have been proposed to measure
the coupling and cohesion to predict the fault-prone and
maintainability of software. However, few studies had
been done using coupling and cohesion to assess the
quality of components.

In this context we therefore analyzed the
mediated relations of the classes and method calls as a
confounding factor for coupling and cohesion metrics
and proposing two new metrics called Mediated
coupling and Mediated cohesion to measure the fault
proneness to assess the quality of the software.

The rest of the paper organized as, in section I
the traditional cohesion and coupling metrics revealed,
which followed by section Ill that explores transitivity as
a confounding factor.

[I. THE CoOUPLING AND COHESION IN OO
PROGRAMMING

a) Measuring Coupling

The term coupling is wusually used in a
derogatory manner in design review meetings. Even so,
it's not possible to design aefficient OO application
without coupling. At any time if one object interacts with
another object, then it is coupling. In reality, what you
need to try to minimize is coupling factors. Strong
coupling means that one object is strongly coupled with
the implementation details of another object. Strong
coupling is discouraged because it results in less
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flexible, less scalable application software. However,
coupling can be used so that it enables objects to talk to
each other while also preserving the scalability and
flexibility.

Though this seems like a difficult task, OO
metrics can help you to measure the right level of
coupling.

Coupling between Objects (CBO): CBO s
defined as the number of non-inherited classes
associated with the target class. It is counted as the
number of types that are used in attributes, parameters,
return types, throws clauses, etc. Primitive types and
system types (e.g. Java.lang.*) is not counted.

Data Abstraction Coupling (DAC): DAC is
defined as the total number of referring types in attribute
declarations. Primitive types, system types, and types
inherited from the super classes are not counted.

Method Invocation Coupling (MIC): MIC s
defined as the relative number of classes that receive
messages from a particular class.

MIC = nMIC
N-1
Where N isthe total number of classes defined
within the project.
nMICis the total number of classes that
receive a message from the target class.
Demeter's Law: lan Holland first proposed the
Law of Demeter. The class form of Demeter's Law has
two versions: a strict version and a minimized version.
The strict form of the law states that every supplier class
of a method must be a preferred supplier. The
minimization form is more permissive than the first
version and requires only minimizing the number of
acquaintance classes of each method.
Definition 1 (Client): Method M is a client of
method f attached to class C, if in M message f'is

sent to an object of classC, or to C. If f s

specialized in one or more subclasses, then M is only a
client of f attached to the highest class in the hierarchy.

Method M is a client of some method attached to C'.

Definition 2 (Supplier): If M is a client of class
Cthen Cis a supplier to M. In other words, a supplier
class to a method is a class whose methods is called in
the method. In Listing 1, the Product class is a supplier
class to the client class Order.

Definition 3 (associate Class): A class Clis an
acquaintance class of method M attached to class C2
, if Clis a supplier to M and Clis not one of the
following:

The same asC2;

A class used in the declaration of an argument of M
A class used in the declaration of an instance

variable of C2

© 2012 Global Journals Inc. (US)

Definition 4 (Preferred-supplier class): Class B
is called a preferred-supplier to method M (attached to
the classC) if Bis a supplier to M and one of the
following conditions holds:

Bis used in the declaration of an instance
variable of C

Bis used in the declaration of an argument of
M | including C and its super classes.

B is a preferred acquaintance class of M .

b) Measuring Cohesion

In OO methodology, classes contain certain
data and exhibit certain behaviors. This concept may
seem fairly obvious, but in practice, creating well-
defined and cohesive classes can be tricky. Cohesive
means that a certain class performs a set of closely
related actions. A lack of cohesion, on the other hand,
means that a class is performing several unrelated
tasks. Though lack of cohesion may never have an
impact on the overall functionality of a particular class—
or of the application itself—the application software will
eventually become unmanageable as more and more
behaviors become scattered and end up in the wrong
places.

Thus, one of the main goals of OO design is to
come up with classes that are highly cohesive. Luckily,
there's a metric to help to verify that the designed class
is cohesive.

The LCOM Metric: Lack of Cohesion in Methods

The Lack of Cohesion in Methods metric is
available in the following three formats:

LCOM1: Take each pair of methods in the class
and determine the set of fields they each access. If they
have disjointed sets of field accesses, the count P
increases by one. If they share at least one field access,
Q increases by one. After considering each pair of
methods:

RESULT = (P > Q)? (P -Q): 0

A low value indicates high coupling between
methods. This also indicates the potentially high
reliability and good class design. Chidamber and
Kemerer provided the definition of this metric in 1993.

LCOM2: This is an improved version of LCOM1.
Say you define the following items in a class:



m : number of methods in a class

a : number of attributes in a class.

mA : number of methods that access the attribute a.
sum(mA) . sum of all mA over all the attributes in the class.
LCOM2 = 1- sum(mA)/(m*a)

If the number of methods or variables in a class
is zero (0), LCOM2 is undefined as displayed as zero

©).

LCOMS3: This is another improvement on
LCOM1 and LCOM2 and is proposed by Henderson-
Sellers. It is defined as follows:

LCOM3 = (m - sum(mA)/a) / (m—l)
where m, a, mA, sum(mA) are as defined in LCOM2.

The following points should be noted about LCOMS:

The LCOMS value varies between 0 and 2.
LCOM3>1 indicates the shortage of cohesion and is
considered a kind of alarm.

If there is only one method in a class, LCOM 3
is undefined and also if there are no attributes in a class
LCOMB is also undefined and displayed as zero (0).

Each of these different measures of LCOM has
a unigue way to calculate the value of LCOM.

An extreme lack of cohesion such as
LCOM3>1 indicates that the particular class should be
split into two or more classes.

If all the member attributes of a class are only
accessed outside of the class and never accessed
within the class, LCOMB3 will show a high-value.

A slightly higher value of LCOM means that you
can improve the design by either splitting the classes or
re-arranging certain methods within a set of classes.

[11. MEDIATED RELATIONS OF CLASSES AND
METHOD CALLS AS CONFOUNDING
FACTOR

a) Confounding Factor

The term confounding refers to a situation in
which an association between an independent variable
and a dependent variable is thought to be the result of
the influence of a third variable[17]. The suggestion is
that an apparent association between the independent
and dependent variables may be partly or completely
accounted for by a third variable. By the same token, the
absence of an apparent association between
independent and dependent variables may be the result
of a failure to account for the effects of a third variable.
The third variable that distorts the true association
between the independent and dependent variables is
usually called a confounding variable. The distortion that
results from perplexing may lead to overestimation or
underestimation of an association, depending on the
direction and magnitude of the relations that the

confounding variable has with the independent and
dependent variables [18].

To quantitatively analyze the confounding
factor, a number of confounding factor analysis models
using various modeling techniques, such as linear,
logistic, and probity regression, have been developed
[16], [17], [19], [20], [21], [22]. Among these models,
the confounding factor analysis model based on linear
regression techniques has been widely used in health
sciences and epidemiological research [16], [19], [20].
Compared to models based on other modeling
techniques, the linear-regression-based model has two
main advantages: 1) A number of statistical methods
have been developed for this model to test for a
confounding variable [16], [19] and 2) it is easy to
determine whether a confounding variable leads to
overestimation or underestimation of the true
association between the independent and dependent
variables [16], [20].

b) Mediated relation as dependent variable

The objective of this study is to empirically
investigate to identify the cohesion and coupling metrics
under consideration of mediated class relations and
method calls as confounding factors and assessing the
association between these cohesion and coupling
metrics and degree of fault-proneDegree of Fault prone
is an important external quality attribute and identifying
faults-prone classes is very useful because: 1) It enables
software developers to take focused preventive actions
that can reduce maintenance costs and improve quality
and 2) it helps software managers to allocate resources
more effectively. In this study, Degree of Fault prone
denotes the extent of class responsibility in component
failure. We need to select the depth of the transitivity in
class relations and method calls as the dependent
variable for our study.
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V. MEDIATED COUPLING BETWEEN
OBJECTS[MCBO]
We begin by regarding any object-oriented
software system as a directed graph, in which the

vertices are the classes comprising the system.
Suppose such a system comprises a set of classes

C=(CeClii=l.m}). Let
m(C,) = {m(C,), em(C,)| (i=1.n)}be

methods of the classt, and mI(Cj_,Ci)the set of

the

methods and instance variables in class C, invoked by
class C, forj # i . An edge from C;to C, exists if
and only if the mI(Cj_>Cl.)>O, which can be used to

generate the weight of that directed edge. The graph is
directed since ml(cjﬂcl.)is not necessarily equal to

ml(cl._,cj) . Let consider that mI(Cj_,C) is the set of all

methods and instance variables in other classes of C
that are invoked by class Cj. ‘ml(cj_,c)’ can be

represented as follows:
m
ml(c ;—»C)=U ml(c; ;)
i=l

a) Finding a Degree of Directed Coupling (DDC)
The directed edge weight W(Cj—C;) between

classes C;and C, can be represented as
ml(C ;—>C;)
ml(C;—C)

can refer as degree of direct coupling (DDC) between
two classes cw is always between 0 and 1.

MCj—>C))= , the directed edge weight also

b) Finding a degree of mediated coupling (DMC)
Based on this degree of direct coupling

between two classes, we can generalize the process of

detecting the degree of mediated coupling mew between

classes C,and C,exists such that

mI(CjﬁCk)EO , which follows:

1 .
=1- iff ml =0
> cw
i=1

In above equation
ejk is the set of DDCs of edges, which are

any two

building path p between class Cj and C,
cw;is DDC of an edge ithat belongsto e; ,, .

pis one of the path out of set of paths P
between C;and C,
c) Applying Confounding factor

The confounding factor of path p is cf(p), that
assessed as follows:

le(p)l-1
le( p)l

HCj>Ck.p)=

Here in the above equation
€ is set edges that belongs to the path p .

Then the generalized degree of mediated
coupling between class C,and C, mew(C ;—>Cy) Can be

found as follows

1=

"NC o) T (|P|

The following hypothesis is a convention from
the empirical study conducted on applications that are
confirmed as fault prone:

If “mcw’is the degree of mediated coupling

between two objects O, and O,then (mcwx100)% is

the percentage of O,and O,objects in application’s
fault proneness.

V.  MEDIATED COHESION (MCH)

The proposed cohesion metric is based on
transitive function calls. The Hypothesis of the proposed
cohesion metric can be defined as:

© 2012 Global Journals Inc. (US)

%wmmfmwﬁ%qaqnq

If a method A invoking a method B and method
B is invoking method C, then the connection between A
and C can be considerable and their cohesiveness is
transitive if and only if AB and C belongs to a same
class or classes in an inheritance hierarchy .

We build a graph based on the function calls
between the functions of the same class.

The edge between any two functions represents
thetotal number of similar properties used similar
functions invoked in both functions.

Finding Degree of Direct Cohesion(DDCH)

The Degree of Direct Cohesion Between two
functions that represents the edge weight can be
generalized as follows:



Let pM([) is set of properties used in a method
M of the class C such that pM, € pC and M, e mC
, here pC'is set of properties declared in the class C

and mCis a set of methods belongs to the class C'.
Let mM ., is set of methods invoked in method M, of

the class C such that mM, e mC .
Let pM(j) is set of properties used in the
method M ; of the class Csuch that pM; € pCand

Mj emC , here pCis set of properties declared in

the class C and mC'is a set of methods belongs to the
class C. Let mM(j) is set of methods invoked in

method Mj of the class C such that mMj emC.

It (M, emM, || M,emM,) then there an

edge exists between these two methods. The graph is
not a directed graph, since edge weight is not changing
under any direction of direct connection between the
two functions. The DDCH that referred as edge weight
can be measured as follows:

{|pMiﬂpMj|J+£|mMiﬂmMj\j B

| pM,;UpM | |mM,UmM |, |
chw(Mi@Mj): :
| PM, O pM, 1) (|mM,(\mM |
| pM,UpM, | |mM,UmM | |

here 12 ChW(M,.EBMj) >0

a) Finding Degree of Medliated Cohesion (DMCH)
Based on this degree of direct Cohesion

between two methods, we can generalize the process of

detecting the degree of mediated cohesion mchw

between any two methods M ;and M, of same class
exists such that ChW(Mj@Mk);O , which follows:

1

mchw =1-
M j0Mp.p) = (e oal
2. chw;
i=1

(ff chw(Mj_@Mk) =0)

In above equation
ek is the set of DDCHs of edges, which are

building a path p between methods Mj. and M,

chw;is DDCH of an edge ithat belongs to e, ,, .

pis one of the path out of set of paths P
between M ;and M,

b) Applying Confounding factor
The confounding factor of the path pis cf(p),
that assessed as follows:
le(p)l-!
<(p)l

Cf(Mj(-BMk’p) -

Here in the above equation

€ is set edges that belongs to the path p .

Then the generalized degree of mediated
cohesion  between  methods M and M,

mchw( Mj@My) can be found as follows

1

"ot ey = [|P|
i=l1

Since the class level cohesiveness is significant
to predict the fault proneness than the method level
cohesiveness.

The class level confounding factor of a class C
measures as follows:

1

ccf(c) :1_—|P'|
(ImCIJ

2 (mehw(n ;@M i) +e(M ;@M ,i))}

Since the the ration between number paths
build in the graph and number of methods exists
indicates the cohesiveness, if the majority of paths
between same classes can be considered as a
confounding factor. Hence the above equation justifies
the measurement of the class level confounding factor.

Here in this equation | P'|represents the total

number of paths build between the methods of a class
C, | mC |total number of methods in class C'.
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Then the class level mediated cohesiveness
can be measured as follows:

mchw(C)=1 P
[ )y mchW(pl.)J+ccf(C)
=1

1=

1

Here in the above equation
mchw( p,) is the degree of mediated cohesion
between methods that build path p,

The following hypothesis is a convention from
the empirical study conducted on applications that are
confirmed as fault prone:

S(MCBO) =

If “ mchw'’is the degree of mediated cohesionof
class Cthen (mchwx100)%is class C fault
proneness in application’s fault proneness.

VL.

We conducted experiments on applications
build under SDLC standards. We make sure the
heterogeneity in number of classes of the applications
considered for experiments. We measured the Fault
proneness prediction accuracy of the

MCBO and MCH as fallow:

RESULTS ANALYSIS

Classes correctly predicted as fault prone

Classes actually fault prone

S(MCH) =

Classes correctly predicted as fault prone

Classes actually fault prone

S(MCBO ® MCH) =

(Correctly predicted as fault prone by MCBO and MCH

Actually fault prone

Fault Proneness Predection Accuracy comparison of
coupling metrics

1
08
06

B MCBO - CF

: u MCBO

02 CBO
-
T T T

LUCENE

Predection sensitivity
o
=

=]

IPCAP Resin

Open source Applications

Fig. 3 . Fault proneness prediction sensitivity of
Mediated Coupling Between Objects(MCBO), MCBO
with confounding factor(MCBO - CF) and CBO

Fault Proneness Predection Accuracy comparison of
cohesion metrics

08
06
04
0z
T T T T

LUCENE

B MCH - CF
EMCH

LCOM

Predection sensitivity

IPCAP RESIN

Applications

Fig. 4 . Fault proneness prediction sensitivity of
Mediated cohesion (MCH), MCH with confounding
factor(MCH - CF) and LCOM

Here in fig 3 we can observe the performance of
the MCBO with the confounding factor in predicting the
sensitivity of fault proneness, which stands with
approximately 90% and miles ahead when compared to

© 2012 Global Journals Inc. (US)

CBO. If path lengths are not considered as confounding
factors then the sensitivity of MCBO is as low as CBO.
This we can observe in the case of Lucene. Since the
Lucene is having considerable variations in path lengths
between any two classes that are connected in a
transitive manner. In other two applications JPCAP and
RASIN are having a minimal number of paths between
two classes and also the variation between any two
paths is negligible. The similar kind of performance can
be observed for MCH with confounding factor. Fig 4
indicating the advantage of MCH with the number of
paths as confounding factors over LCOM. The
significance of the number of paths as confounding
factor can be observed in the case of JPCAP. In majority
classes the number of paths builds between same
methods of the class. Hence the performance of the
MCH without confounding factor is as low as LCOM(see
fig 4).

VII.  CONCLUSION

These results clearly demonstrate that the
proposed metrics MCBO and MCH for coupling and
coherence are very good predictors for fault proneness.
It is clearly identified that
1. Mediated coupling between two objects is having

an impact of the number of connections and path
length variation as confounding factors.

2. Mediated Cohesion between the methods of a class
is having an impact of the number of paths build
between any two methods of a class as
confounding factors.

These two metrics MCBO and MCH are
measuring as numeric values rather in binary quantity.



The performance of mediated coupling between

objects and mediated cohesion of class is miles ahead
over CBO and LCOM, The number of paths and length
of the paths concluded as confounding factors that
influence the performance of the MCBO and MCH.
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An Approach to Email Classification Using
Bayesian Theorem

Denil Vira®, Pradeep Raja’® & Shidharth Gada”

Abstract - Email Classifiers based on Bayesian theorem have
been very effective in Spam filtering due to their strong
categorization ability and high precision. This paper proposes
an algorithm for email classification based on Bayesian
theorem. The purpose is to automatically classify mails into
predefined categories. The algorithm assigns an incoming
mail to its appropriate category by checking its textual
contents. The experimental results depict that the proposed
algorithm is reasonable and effective method for email
classification.

Keywords . Bayesian, Email classification, fokens, text,
probability, keywords.

I. INTRODUCTION

nternet e-mail is an essential communication method

for most computer users and has been treated as a

powerful tool intended to idea and information
exchange, as well as for users’ commercial and social
lives. Globalization has resulted in an exponential
increase in the volume of e- mails. Nowadays, a typical
user receives about 40-50 email messages every day.
For some people hundreds of messages are usual.
Thus, users spend a significant part of their working time
on processing email. As the popularity of this mean of
communication is growing, the time spent on reading
and answering emails will only increase. At the same
time, a large part of email traffic consists of non-
personal, non time critical information that should be
filtered. Irrelevant emails greatly affect the efficiency and
accuracy of the aimed processing work. As a result,
there has recently been a growing interest in creating
automated systems to help users manage an extensive
email flow.
Consider the following scenario —

You have just returned from a relaxing two week
vacation. There has been no phone, no email for two
wonderful weeks, and now you are back. You open your
inbox and ... Wow! There are 347 new messages! How
could you manage to read all of them? Probably, you
will spend the whole day trying to sort out all this mail.
Having done this burdensome work, you feel like you
need a vacation again. What is worse is that most of
those messages are out of your interest or out of date.

Here comes the need for automatic email
classification system that would sort the important and
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the unimportant mails, thus saving a much precious
time of the users.

The rest of the paper is organized as follows.
The next section describes the generic Bayesian filtering
logic. Section 3 introduces the proposed algorithm for
email classification. Section 4 presents experiments and
results. The final section consists of the conclusion.

[1. BAYESIAN FILTER

Bayesian filter has been used widely in building
spam filters. The Naive Bayes classifier is based on the
Baye's rule of conditional probability. It makes use of all
the attributes contained in the data, and analyses them
individually as though they are equally important and
independent of each other. The rule for conditional
probability is as follows

P(H| E) = P(E | H)P(H) | P(E) .. Eq. (1)

Where P(H/E) is the conditional probability that
hypothesis H is true given an evidence E; P(E/H) the
conditional probability of E given H, P(H) the prior
probability of H, F(E) the prior probability of E. In the
case of spam classification, hypothesis H can be
defined as spam or legitimate given an email E.

In applying this theorem, an email needs to be
tokenized, and the extracted 7 tokens (i.e. words or
phrases) are then used as the evidences E{el,
e2,....en}, and their probability of spam or non-spam is
calculated from previous emails that have been
classified. Using past classified emails to estimate the
probabilities of the tokens belonging to spam or no
spam is a learning process and then they are used to
predict the spam probability of a new incoming email.
Assume that n key-words are extracted from the content
of an email as evidences, then the probability that the
email is spam can be calculated by:

P(S|E(el,e2.. en)) =
P(E(el, e2,.. en)| S)*P(S) / P(E( el,e2.. en)
.. Eq. 2

Where, P(S/E) is the probability that an email E
is spam S. In practice, an assumption is commonly
made naively for simplifying calculation, that is, all the
evidences are independent from each other. For
example, if an email contains four evidences: e, €2, e3
and e4, then the joint and conditional probabilities given
S can be easily calculated by,
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P(el,e2,e3,e4) = P(el)P(e2)P(e3)P(e,),
P(el,e2,e3,e4|S) = P(el|S)P(e2|S)P(e3|S)P(e4|S)

Thus the probability that a given email is
considered spam when evidences (e7, €2 e3 and e4)
appear in the given email is calculated by Equation (2),
and a decision can be made if it is higher than a pre-set
decision threshold, 0.5, usually.

[11. PROPOSED ALGORITHM FOR EMAIL

CLASSIFICATION

The entire email classification process is divided
into two phases.

a) First phase is the Training phase/Learning phase

During this phase, the classifier will be trained to
recognize attributes for each category. So that later on
when a new mail arrives, it compares the attributes of
the mail with attributes of each category and the mail is
classified into the category having most similar
attributes as that of the mail. To build the attribute list
(also referred as keywords database) for each category,
the emails will be classified manually in to different
categories by the user. For better understanding of the
working, we create two categories for emails say, work
and personal.

The user manually specifies whether each malil
belongs to work or personal category based on its
contents including the subject and the body.

For each email classified manually by the user,
the algorithm extracts keywords from the mail and
stores them into the keyword database for that particular
category along with count of the number of
occurrences. For eg. If the user classifies the mail as
work, the keywords extracted from that mail will be
stored in work database. Every category will have its
own set of keywords database.

Also, before the mail is processed for keywords,
it is first filtered. Mail is divided into set of tokens
separated by blank space or any other punctuation
marks of English language. Proverbs, articles, html tags,
noise words and other unnecessary contents are
removed and then the keywords are extracted. Thus the
training phase is responsible for building the keyword
database for each predefined category.

b) The second is Classification phase

Once the learning is sufficiently done, the
algorithm is ready to move to next phase. The new mails
that arrive should to be automatically assigned their
categories. Basically, here we compare the contents of
the mail with those of all category keyword databases
using Bayesian theorem and look for best matching
category for the mail. The new incoming mail (also
referred as unclassified mail) is broken into tokens and
filtered. The tokens are then compared with keyword
databases of each category. The probability that the
mail belongs to a category is found out for every

© 2012 Global Journals Inc. (US)

category. The category for which the probability
outcome is highest, it is then compared with the
threshold of same category and classified into that
category if following condition holds true else the mail
stays unclassified.

P.= 1, if P(category | E) > threshold

P.,= 0, if P(category | E) < threshold

Where E is the newly arrived mail.

IV.
a) Training /Learning

1. Foreach mail, specity its category manually.

2. Divide the mail into tokens (both subject and body)

3. Filter out stop words such as himl tags, articles,
proverbs, noise words.

4. Extract keywords and store them along with
frequency count in to keywords daltabase of the
selected category.

ALGORITHM

category

Keyword
*| Extractor

Filter Logic

Category
n

Category Category

Figure 7 . Training process

b) Classification

1. For each newly arrived mail, divide the mail info set
of tokens. (Consider both, the subject and the body)

2. Filter out stop words such as html tags, articles,
proverbs, noise words and exiract the keywords,
say E {el,e2 e3..en} is the list of extracted
keywords.

3. Find P(category| E) = P(E | category)*P(category)/
P(E) for all categories where , P (E | category) =
P(e1/category) *P(e2/category)*..... *Plen /
category)

4. Find the category for which the value of P(category
| E) is highest.



5. Compare the value with threshold value of that
category.
If Plcategory | E ) > threshold , the mall is
classified info that category.

Unelassified
mall
3 \-f
Categor\“r FI'|'[EI'
1dB
.
T
— [l
Category ]
Bayesian
2d8 T
g ) Classifier
Category
nde

Classified
mail

Figure 2 Classification process

V. IMPLEMENTATION AND RESULTS

The implementation of the algorithm was done
in Java. Authors' working email accounts were used for
fetching the mails. A total of 5175 e-mails are used for
the purpose of experiment.

In classification task, the performance of
algorithm is measured in terms of accuracy.

Accuracy = N/ N
N, : Number of correctly classified mails
N : Number of total mails classified

The accuracy of classification is dependent on
several parameters such as number of mails considered
during training phase, number of categories defined,
threshold value of each category , size of mail etc.

We initially created two categories, work &
personal and then gradually added three more
categories. The test was repeated for different values of
parameters. Through repeated tests, we choose the
best-performing configuration for our algorithm. 10-fold
cross-validation was used in our test: the corpus was
partitioned randomly into ten parts, and the experiment
was repeated ten times, each time reserving a different
part for testing and using the remaining nine parts for
training. All the results were then averaged over the ten
iterations.

Table 1 :Performance results of Email classifier based
on proposed algorithm

Size of No. of Accuracy
training data | categories
100 2 0.841
200 2 0.925
600 2 0.992
1000 2 0.991
200 3 0.936
500 3 0.973
1000 3 0.995
200 4 0.762
500 4 0.836
1000 4 0.861
200 5 0.846
500 5 0.921
1000 5 0.967

The size of training data is the number of mails
manually classified during learning phase.

Note that the accuracy is also dependent on
number of overlapping words among different
categories. We observed that when two different
categories have many keywords in common, the
classifier accuracy is low. With distinct keywords for
each category, with minimum overlapping, the classifier
accuracy was above 0.9. The results also show that
larger the size of training data better is the accuracy.

VI. CONCLUSION

Considering the requirements of improving
efficiency in processing emails, this paper introduced an
approach to classify mails based on Bayesian theorem.
The algorithm was implemented and the experimental
results were studied. The results show that our
approach to classify mails is a reasonable and effective
one. However, there is lot of work to be done in future.
The future research includes improving accuracy of the
classifier ,working with languages other than English,
making the keyword extraction more efficient, classifying
based on attachments, understanding the semantics of
email text and so on.

VII.  ACKNOWLEDGEMENTS

The authors would like to acknowledge the
contribution of Mr.Dhruven Vora and Mr.Jenish Jain for
helping us in coding of the algorithm and testing of
results. We would also like to acknowledge Ms.Prof.
Kavita Kelkar for valuable suggestions and guidance.
Lastly, we would like to thank the entire Department of
Computer Engineering, K.J.Somaiya College of
Engineering, Mumbai for providing us with all the
resources needed for the research.

© 2012 Global Journals Inc. (US)

Global J()urnal of C()mputcr Science and ’l‘cchnol()gl\' (C) Volume XII Issue XIII Version I E Year 2012



Global Journal of Computer Science and ’l'cchrmlog’\' (C) Volume XII Issue XIII

—

REFERENCES REFERENCES REFERENCIAS

M. Sahami, S. Dumais, D. Heckerman, and E.
Horvitz, “A Bayesian approach to filtering junk e-
mail,” Proceedings of AAAI-98 Workshop on
Learning for Text Categorization, pp. 55-62, 1998.
[.Androutsopoulos, G. Paliouras, E. Michelakis,
“Learning to Filter Unsolicited Commercial E-Mail,”
Technical Report of National Centre for Sciential
Research “Demokritos”, 2004.

I. Androutsopoulos, J. Koutsias, K.V. Chandrinos, G.
Paliouras and C.D. Spyropoulos, “An Evaluation of
Naive Bayesian Anti-Spam Filtering,” Proc. of the
Workshop on Machine Learning in the New
Information Age, 11th European Conference on
Machine Learning (ECML 2000), Barcelona, Spain,
2000, pp. 9-17.

S. Youn and D. MclLeod, “Efficient Spam e-mail
Filtering using Adaptive Ontology,” International
Conference on Information Technology (ITNG'07),
pp.249-254, 2007.

S. Hershkop, and J. Stolfo, “Combining e-mail
models for false positive reduction,” Proc of KDD’05
of ACM. Chicago : [s.n.], pp. 98—107, 2005.
Andrew McCallum, Kamal Nigam, “A Comparison of
Event Models for Naive Bayes Text Classification,”
AAAI-98  Workshop on Learning for Text
Categorization, Technical Report WS-98-05, 1998,
pp. 41-48.

Wang, W. et al (2000): Diversity between neural
networks and decision trees for building multiple
classifier systems. Mulfiple Classifier Systemns: pp
240-249.

R. Beckermann, A. McCallum, and G. Huang.
Automatic categorization of email into folders:
benchmark experiments on Enron and SRI corpora.
Technical report IR-418, University of
Massachusetts Amherst, 2004.

F. Peng, D. Schuurmans, and S. Wang. Augmenting
naive bayes classifiers with statistical language
models. Information Retrieval, 7:317-345, 2004.

10. David D. Lewis and William A. Gale. A sequential

algorithm for training text classfiers. In Proceedings
of SIGIR-94, 17th ACM International Conference on
Research and Development in Information Retrieval,
1994,

© 2012 Global Journals Inc. (US)



EVZ2N G1OBAL JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY

RIS SOFTWARE & DATA ENGINEERING

ﬁﬁ" Volume 12 Issue 13 Version 1.0 Year 2012

& " Type: Double Blind Peer Reviewed International Research Journal
: Publisher: Global Journals Inc. (USA)
Online ISSN: 0975-4172 & Print ISSN: 0975-4350

Bayesian Classifiers Programmed in SQL Using PCA

By K.Venkat Nagarjuna & P.V Subba Reddy
QIS College of Engg & Technology Ongole, Andhrapradesh, India

Absiract - The Bayesian classifier is a fundamental classification technique. We also consider
different concepts regarding Dimensionality Reduction techniques for retrieving lossless data. In this
paper, we proposed a new architecture for pre-processing the data. Here we improved our Bayesian
classifier to produce more accurate models with skewed distributions, data sets with missing
information, and subsets of points having significant overlap with each other, which are known issues
for clustering algorithms. so, we are interested in combining Dimensionality Reduction technique like
PCA with Bayesian Classifiers to accelerate computations and evaluate complex mathematical
equations. The proposed architecture in this project contains the following stages: pre-processing of
input data, Naive Bayesian classifier, Bayesian classifier, Principal component analysis, and
database. Principal Component Analysis(PCA) is the process of reducing components by calculating
Eigen values and Eigen Vectors. We consider two algorithms in this paper: Bayesian Classifier based
on KMeans( BKM) and Naive Bayesian Classifier Algorithm(NB).

Keywords : Dimensionality Reduction, PCA, Classifiers, K-means.
GJCST-C Classification: H2.3

BAYESIAN CLASSIFIERS PROGRAMMED IN SOL USING PCA

Strictly as per the compliance and regulations of:

© 2012. K\Venkat Nagarjuna & P.V Subba Reddy. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-
commercial use, distribution, and reproduction inany medium, provided the original work is properly cited.



Bayesian Classifiers Programmed in SQL Using
PCA

K.Venkat Nagarjuna® & P.V Subba Reddy °

Absiract - The Bayesian classifier is a fundamental
classification technique. We also consider different concepts
regarding Dimensionality Reduction techniques for retrieving
lossless data. In this paper, we proposed a new architecture
for pre-processing the data. Here we improved our Bayesian
classifier to produce more accurate models with skewed
distributions, data sets with missing information, and subsets
of points having significant overlap with each other, which are
known issues for clustering algorithms. so, we are interested in
combining Dimensionality Reduction technique like PCA with
Bayesian Classifiers to accelerate computations and evaluate
complex mathematical equations. The proposed architecture
in this project contains the following stages: pre-processing of
input data, Naive Bayesian classifier, Bayesian classifier,
Principal component analysis, and database. Principal
Component Analysis(PCA) is the process of reducing
components by calculating Eigen values and Eigen Vectors.
We consider two algorithms in this paper: Bayesian Classifier
based on KMeans( BKM) and Naive Bayesian Classifier
Algorithm(NB).

Keywords . Dimensionality Reduction, PCA, Classifiers,
K-means.

I. INTRODUCTION

n this paper, we focus on programming Bayesian

classifiers in  SQL wusing Principal Component

Analysis(PCA). PCA allows us to compute a linear
transformation that maps data from a high dimensional
space to a lower dimensional space.PCA “combines”
the essence of attributes by creating an alternative,
smaller set of variables. In this paper, We studied two
complementary aspects: increasing accuracy and
generating efficient SQL code. We introduce two
classifiers: Naive Bayes and a classifier based on class
decomposition using K-means clustering. We consider
two complementary tasks: model computation and
scoring a data set. We study several layouts for tables
and several indexing alternatives. We analyse how to
transform equations into efficient SQL queries and
introduce several query optimizations.

Our contributions are the following: We present
two efficient SQL implementations of Nai“ve Bayes for
numeric and discrete attributes. We introduce a
classification algorithm that builds one clustering model
per class, which is a generalization of K-means [1], [4].
Our main contribution is a Bayesian classifier

Author o M.tech student, Dept of CSE, QIS College of Engg &
Technology Ongole, Andhrapradesh, India.
Author o . Associate Professor, Dept of CSE, QIS College of Engg &
Technology, Ongole, Andhrapradesh, Indlia.

programmed in SQL, extending Nai“ve Bayes, which
uses K-means to decompose each class into clusters.
We generalize queries for clustering adding a new
problem dimension. That is, our novel queries combine
three dimensions: attribute, cluster, and class
subscripts. We identify Euclidean distance as the most
time-consuming computation. Thus, we introduce
several schemes to efficiently compute distance
considering different storage layouts for the data.

I1. DEFINITIONS

We focus on computing classification models
on a data set X={x1 ... ; xn} with d attributes X1. . .
.Xd, one discrete attribute G(class or target), and n
records (points). We assume G has m=2values. Data
set X represents a d x n matrix, where xi represents a
column vector. We study two complementary models: 1)
each class is approximated by a normal distribution or
histogram and 2) fitting a mixture model with k clusters
on each class with K-means. We use subscripts |, j, h, g
as follows: i=1...n;j=1...kh=1...d;g=1...m
The T superscript indicates matrix transposition.

Throughout the paper, we will use a small
running example, where d=4; k=3 (for K-means) and
m=2 (binary).

[T1. BAYESIAN CLASSIFIERS PROGRAMMED IN
SQL USING PRINCIPAL COMPONENT
ANALYSIS

a) Classification

Classification and prediction are two forms of
data analysis that can be used to extract models
describing important data classes or to predict future
data trends. Such analysis can help provide us with a
better understanding of the data at large. Whereas
classification predicts categorical (discrete, unordered)
labels, prediction models continuous valued functions.

b) Bayesian Classification

The Bayesian Classification represents a
supervised learning method as well as a statistical
method for classification. It can solve diagnostic and
predictive problems.

This Classification is named after Thomas
Bayes (1702-1761), who proposed the Bayes Theorem.
Bayesian classification provides practical learning
algorithms and prior knowledge and observed data can
be combined. Bayesian Classification provides a useful
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perspective for understanding and evaluating many
learning algorithms. It calculates explicit probabilities for
hypothesis and it is robust to noise in input data.
Bayesian classification is based on Bayes’ theorem. A
simple Bayesian classifier is known as the naive
Bayesian classifier. Bayesian classifiers have exhibited
high accuracy and speed when applied to large
databases.

c) Naive Bayesian Classification

It is based on the Bayesian theorem It is
particularly suited when the dimensionality of the inputs
is high. Parameter estimation for naive Bayes models
uses the method of maximum likelihood. In spite over-
simplified assumptions, it often performs better in many
complex real world situations

The main advantage of Naive Bayesian
classification is it requires a small amount of training
data to estimate the parameters.

a) Data Reduction

Data reduction techniques can be applied to
obtain a reduced representation of the data set that is
much smaller in volume, yet closely maintains the
integrity of the original data.
Strategies for data reduction include the following:

Data cube aggregation

Attribute subset selection

Dimensionality reduction

Numerosity reduction

Discretization and concept hierarchy generation

e) Dimensionality reduction

Data encoding or transformations are applied
so as to obtain a reduced or “compressed”
representation of the original data. If the original data
can be reconstructed from the compressed data without
any loss of information, the data reduction is called
lossless. |If, instead, we can reconstruct only an
approximation of the original data, then the data
reduction is called lossy. Although they are typically
lossless, they allow only limited manipulation of the
data. In this section, we instead focus on two popular
and effective methods of lossy dimensionality reduction:
wavelet transforms and principal components analysis.

1) Principal Components Analysis

PCA allows us to compute a linear
transformation that maps data from a high dimensional
space to a lower dimensional space. Suppose that the
data to be reduced consist of tuples or data vectors
described by n attributes or dimensions. Principal
components analysis, or PCA (also called the Karhunen-
Loeve, or K-L, method), searches for k n dimensional
orthogonal vectors that can best be used to represent
the data, where k _ n. The original data are thus
projected onto a much smaller space, resulting in
dimensionality reduction. Unlike attribute subset
selection, which reduces the attribute set size by
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retaining a subset of the initial set of attributes, PCA
‘combines” the essence of attributes by creating an
alternative, smaller set of variables. The initial data can
then be projected onto this smaller set.

g) Methodology
Suppose X4, X,, ..., Xy are Nx1 vectors

M
1 .
DX
Step1:x = i=1
Step 2: subtract the mean: F, = x, - x

Step 3: form the matrix A = [F, F, . .

then compute: y
% Y FnFnT
i=n C==AAT
(Sample covariance matrix, NxN, characterizes
the scatter of the data)
Step 4: compute the Eigen values of C: &, >,
>0 >y

. Ful (NXM matrix),

Step 5: compute the eigenvectors of C: U, Uy, . . ., Uy
Since C is symmetric, u;, Uy, . . ., Uy form a
basis, (i.e., any vector x or actually (x - ¥) , can be

written as a linear combination of the eigenvectors):

\-

Z biui

X'E:bjuj+b2U2+---+bNuN:j:1

Step 6. (dimensionality reduction step) keep
only the terms corresponding to the K largest Eigen
values: ¥ _x =

k
L
i=1 where K << N.

These are the steps we should follow to perform
principal component analysis (PCA) to reduce
dimensionality of the high dimensional data.

h) Nai've Bayes

We consider two versions of NB: one for
numeric attributes and another for discrete attributes.
Numeric NB will be improved with class decomposition.
NB assumes attributes are independent, and thus, the
joint class conditional probability can be estimated as
the product of probabilities of each attribute [2]. We now
discuss NB based on a multivariate Gaussian. NB has
no input parameters. Each class is modelled as a single
normal distribution with mean vector Cg and a diagonal
variance matrix Rg. Scoring assumes a model is
available and there exists a data set with the same
attributes in order to predict class G. Variance
computation based on sufficient statistics [5] in one
pass can be numerically unstable when the variance is
much smaller compared to large attribute values or
when the data set has a mix of very large and very small
numbers. For ill conditioned data sets, the computed
variance can be significantly different from the actual



variance or even become negative. Therefore, the model
is computed in two passes: a first pass to get the mean
per class and a second one to compute the variance
per class. The mean per class is given by Cg = Pxi2Yg
xi=Ng, where Yg _ X are the records in class g.
Equation Rg = 1=NgPn xi2Ygoxi Cgboxi _ CgbT gives
a diagonal variance matrix Rg, which is numerically
stable, but requires two passes over the data set.

The SQL implementation for numeric NB follows
the mean and variance equations introduced above. We
compute three aggregations grouping by g with two
queries. The first query computes the mean Cg of class
g with a sum oXhbP=count & b aggregation and class
priors _g with a count() aggregation. The second query
computes Rg with sum(@Xh _  hb2b. Note the joint
probability computation is not done in this phase.
Scoring uses the Gaussian parameters as input to
classify an input point to the most probable class, with
one query in one pass over X. Each class probability is
evaluated as a Gaussian. To avoid numerical issues
when a variance is zero, the probability is set to 1 and
the joint probability is computed with a sum of
probability logarithms instead of a product of
probabilities. A CASE statement pivots probabilities and
avoids a max() aggregation. A final query determines
the predicted class, being the one with maximum
probability, obtained with a CASE statement. We now
discuss NB for discrete attributes. For numeric NB, we
used Gaussians because they work well for large data
sets and because they are easy to manipulate
mathematically. That is, NB does not assume any
specific probability density function (pdf). Assume X1; . .
Xd can be discrete or numeric. If an attribute Xh is
discrete (categorical) NB simply computes its
histogram: probabilities are derived with counts per
value divided by the corresponding number of points in
each class. Otherwise, if the attribute Xh is numeric then
binning is required. Binning requires two passes over
the data set, pretty much like numeric NB. In the first
pass, bin boundaries are determined. On the second
pass, one dimensional frequency histograms are
computed on each attribute.

The bin boundaries (interval ranges) may
impact the accuracy of NB due to skewed distributions
or extreme values. Thus, we consider two techniques to
bin attributes: 1) creating k uniform intervals between
min and max and 2) taking intervals around the mean
based on multiples of the standard deviation, thus
getting more evenly populated bins. We do not study
other binning schemes such as quantiles (i.e.,
equidepth binning).The implementation in SQL of
discrete NB is Straight forward. For discrete attributes,
no pre-processing is required. For numeric attributes,
the minimum, maximum, and mean can be determined
in one pass in a single query. The variance for all
numeric attributes is computed on a second pass to
avoid numerical issues. Then, each attribute is

discretized finding the interval for each value. Once we
have a binned version of X, then we compute
histograms on each attribute with SQL aggregations.
Probabilities are obtained dividing by the number of
records in each class. Scoring requires determining the
interval for each attribute value and retrieving its
probability. Each class probability is also computed by
adding logarithms. NB has an advantage over other
classifiers: it can handle a data set with mixed attribute
types (i.e.,discrete and numerical).be in single-column
format and must be centered.

Raw

Normalized g dataset

Dataset

"| Findmean of
each attribute
|

Calculate
mean &
variance

1 Calculate

co-variance
matrix
Naive Bayesian l
classifier

Check
dataset

Model "
tomputation

l

Scoring
dataset

Calculate
l Ple/fci)

Bayesian

tlassifier

Find Eigen
values & Eigen
vectors

Figure 3 : Architecture of the proposed method

IV.  ALGORITHMS

We consider two algorithms in this paper:
Bayesian Classifier Based on K-Means(BKM) algorithm
and Naive Bayesian classifier algorithm(NB).

a) Naive Bayesian classifier algorithm(NB)

NB has no input parameters. Each class is
modeled as a single normal distribution with mean
vector (Cg) and a diagonal variance matrix (Rg).
Therefore, the model is computed in two passes:

1. Afirst pass to get the mean per class and
2. Second one to compute the variance per class.

b) Bayesian Classifier Based on K-Means

We now present BKM, a Bayesian classifier
based on class decomposition obtained with the K-
means algorithm. BKM is a generalization of NB, where
NB has one cluster per class and the Bayesian classifier
has k > 1 clusters per class. L, the linear sum of points;
L,Q, the Gaussian parameters.

We generalize K-means to compute m models,
fitting a mixture model to each class. K-means is
initialized, and then, it iterates until it converges on all
classes.

The algorithm is as given below.

Initialization:

1. Get global N; L;Q and mean and standard deviation
2. Get k random points per class to initialize C.
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While not all m models converge:

1. E step: get k distances | per g; find nearest cluster |
per g;update N; L;Q per class.

2. M step: update W;C;R from N; L;Q per class;
compute model quality per g; monitor convergence.

V. EXPERIMENTAL EVALUATION

We analyze three major aspects: 1)
classification accuracy, 2) query optimization, and 3)
time complexity and speed. We compare the accuracy
of NB, BKM, and decision trees (DTs).

a) Setup

We used the Teradata DBMS running on a
server with a 3.2 GHz CPU, 2 GB of RAM, and a 750 GB
disk. Parameters were set as follows: We set €= 0:001
for K-means. The number of clusters per class was k=4
(setting experimentally justified). All query optimizations
were turned on by default (they do not affect model
accuracy).experiments with DTs were performed using a
data mining tool. We used real data sets to test
classification accuracy (from the UCI repository) and
synthetic data sets to analyze speed (varying d; n). Real
data sets include pima (d = 6; n = 768), spam (d = 7; n
= 4.601), bscale (d = 4; n = 625), and wbcancer (d
=7; n = 569). Categorical attributes (=3 values) were
transformed into binary attributes.

b) Model Accuracy

In this section, we measure the accuracy of
predictions when using Bayesian classification models.
We used 5-fold cross validation for each run, the data
set was partitioned into a training set and a test set. The
training set was used to compute the model, whereas
the test set was used to independently measure
accuracy. The training set size was 80 percent and the
test set was 20 percent.

Comparing Accuracy: NB, BKM, and DT

Dataset Algorithm | Global  Class-0  Class-1
pima NB T6% B0% 68%
BKM T6% 87% 33%
DT H8% T6% 53%
spam NB T70% 87% 45%
BKM T3% 9% 43%
DT 80% 85% 12%
hscale NB 0% 51% 30%
BEM 39% 59% 60%
DT 89% 96% 0%
whcancer | NB 93% 91% 95%
BKM 03% B4 Q7%
DT 95% 94% 96%
BKM ran until K-means converged on all

classes. Decision trees used the CN5.0 algorithm
splitting nodes until they reached a minimum
percentage of purity or became too small. Pruning was
applied to reduce over fit. The number of clusters for
BKM by default was k = 4.
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c) Query Optimization

Our best distance strategy is two orders of
magnitude faster than the worst strategy and it is one
order of magnitude faster than its closest rival. The
explanation is that I/O is minimized to n operations and
computations happen in main memory for each row
through SQL arithmetic expressions. Note a standard
aggregation on the pivoted version of X (XV) is faster
than the horizontal nested query variant .Table 6
compares SQL with UDFs to score the data
set(computing distance and finding nearest cluster per
class). We exploit scalar UDFs [5]. Since finding the
nearest cluster is straight forward in the UDF, this
comparison considers both computations as one. This
experiment favors the UDF since SQL requires
accessing large tables in separate queries. As we can
see, SQL (with arithmetic expressions) turned out be
faster than the UDF. This was interesting because both
approaches used the same table as input and
performed the same I/O reading a large table. We
expected SQL to be slower because it required a join
and XH and XD were accessed. The explanation was
that the UDF has overhead to pass each point and
model as parameters in each call.



Query Optimization: Distance Computation n = 100k (Seconds)

d=8 d =16
Distance scheme k=8 k=16 | k= k=16
Horizontal 2 7 2 7
Horizontal temp 80 211 99 225
Horizontal nested q. 201 449 311 544
Hybrid Vertical 84 155 146 155

Query Optimization: SQL versus UDF (Scoring, n = 1M) (Seconds)

d=4 d=8
k| SQL UDF | SQL UDF
2 23 36 34 61
4 31 47 42 71
6 40 55 61 85
8 56 62 66 111

ad) Speed and Time Complexity

We compare SQL and C++ running on the
same computer. We also comp are the time to export
with ODBC. C++ worked on flat files exported from the
DBMS. We used binary files in order to get maximum
performance in C++. Also, we shut down the DBMS
when C++ was running. In short, we conducted a fair
comparison. Table 7 compares SQL, C++, and ODBC
varying n. Clearly, ODBC is a bottleneck. Overall, both
languages scale linearly. We can see SQL performs
better as n grows because DBMS overhead becomes
less important. However, C++ is about four times
faster. Fig. 1 shows BKM time complexity varying n; d
with large datasets. Time is measured for one iteration.
BKM is linear in n and d , highlighting its scalability.

VI. RELATED WORK

The most widely used approach to integrate
data mining Algorithms into a DBMS is to modify the
internal source code. Scalable K-means (SKM) [1] and
O-cluster [3] are two examples of clustering algorithms
internally integrated with a DBMS. A discrete Naive
Bayes classifier has been internally integrated with the
SQL Server DBMS. On the other hand, the two main
mechanisms to integrate data mining algorithms without
modifying the DBMS source code are SQL queries and
UDFs. A discrete Nai“ve Bayes classifier programmed
in SQL is introduced in [6]. We summarize differences
with ours. The data set is assumed to have discrete
attributes: binning numeric attributes is not considered.
ltuses an inefficient large pivoted intermediate table,
whereas our discrete NB model can directly work on a
horizontal layout. Our proposal extends clustering
algorithms in SQL [4] to perform classification,
generalizing Nai“ve Bayes [2]. K-means clustering was
programmed with SQL queries introducing three
variants [4]: standard, optimized, and incremental. We
generalized the optimized variant. Note that
classification represents a significantly harder problem
than clustering. User-Defined Functions are identified as
an important extensibility mechanism to integrate data
mining algorithms [5], [8]. Atlas [8] extends SQL syntax

Time varying n Time varying d
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Fig. 1. BKM Classifier: Time Complexity; (default d=4,

k=4, n=100K)

with object-oriented constructs to define aggregate and
table functions (with initialize, iterate, and terminate
clauses), providing a user friendly interface to the SQL
standard. We point out several differences with our
work. First, we propose to generate SQL code from a
host language, thus achieving Turing-completeness in
SQL (similar to embedded SQL). We showed the
Bayesian classifier can be solved more efficiently with
SQL queries than with UDFs. Even further, SQL code
provides better portability and Atlas requires modifying
the DBMS source code. Class decomposition with
clustering is shown to improve NB accuracy [7]. The
classifier can adapt to skewed distributions and
overlapping subsets of points by building better local
models. In [7], EM was the algorithm to fit a mixture per
class. Instead, we decided to use K-means because it is
faster, simpler, better understood in database research
and has less numeric issues.

VII.  CONCLUSIONS

We presented two Bayesian classifiers
programmed in SQL: the Nai“ve Bayes classifier (with
discrete and numeric Versions) and a generalization of
Nai“ve Bayes (BKM), based on decomposing classes
with  K-means  clustering. We  studied two
complementary aspects: increasing accuracy and
generating efficient SQL code. We introduced query
optimizations to generate fast SQL code. The best
physical storage layout and primary index for large
tables is based on the point subscript. Sufficient
statistics are stored on denormalized tables. The
Euclidean distance computation uses a flattened
(horizontal) version of the cluster centroids matrix, which
enables arithmetic expressions. The nearest cluster per
class, required by Kmeans, is efficiently determined
avoiding joins and aggregations. Experiments with real
data sets compared NB, BKM, and decision trees. The
numeric and discrete versions of NB had similar
accuracy.BKM was more accurate than NB and was
similar to decision trees in global accuracy. However,
BKM was more accurate when computing a breakdown
of accuracy per class. A low number of clusters
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produced good results in most cases. We compared
Equivalent implementations of NB in SQL and C+ + with
large data sets: SQL was four times slower. SQL queries
were faster than UDFs to score, highlighting the
importance of our optimizations. NB and BKM exhibited
linear scalability in data set size and dimensionality.
There are many opportunities for future work. We want
to derive incremental versions or sample-based
methods to accelerate the Bayesian classifier. We want
to improve our Bayesian classifier to produce more
accurate models with skewed distributions, data sets
with missing information, and subsets of points having
significant overlap with each other, which are known
issues for clustering algorithms. We are interested in
combining dimensionality reduction techniques like PCA
or factor analysis with Bayesian classifiers. UDFs need
further study to accelerate computations and evaluate
complex mathematical equations.
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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 Sl units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e  One should avoid outdated words.

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

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

Acknowledgements: Please make these as concise as possible.

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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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 .
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the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

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

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

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

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

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

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

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

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

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

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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, | 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.
e Write your paper in the form, which is presented in the guidelines using the template.
e  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

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

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

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® 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

e  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:

e Explain the value (significance) of the study

e  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:

e  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.

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

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
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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.
e  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
e Do not take in frequently found.

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

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

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

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

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

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

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

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