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Abstract: Classification is a model finding process that is used for portioning the data into
different classes according to some constrains. In other words we can say that classification
is process of generalizing the data according to different instances. Several major kinds of
classification algorithms include C4.5, k-nearest neighbor classifier, Naive Bayes, SVM,
Apriori, and Ada Boost. In this paper with each algorithm, we provide a description of
the algorithm, discuss the advantages and limitations of the algorithm, review current and
further research on the algorithm.
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INTRODUCTION
Data mining is a process of inferring knowledge from huge data. Data Mining is needed to make
sense and use of data. People often do mistakes while analyzing or possibly when trying to
establish relationships between multiple features. This makes it difficult for them to find
solutions to certain problems. Data Mining has three major components Clustering or
Classification, Association Rules and Sequence Analysis. An Association rule is a rule which
implies certain association relationships among a set of objects in a database. In this process we
discover a set of association rules at multiple levels of abstraction from the relevant set of data
in a database. For example, one may discover a set of symptoms often occurring together with
certain kinds of diseases and further study the reasons behind them. Since finding interesting
association rules in databases may disclose some useful patterns for decision support, selective
marketing, financial forecast, medical diagnosis, and many others applications, it has attracted
a lot of attention in re- cent data mining research. Mining association rules may require
iterative scanning of large transaction or relational databases which is quite costly in
processing. In Sequential Analysis, we seek to discover pat- terns that occur in sequence. This
deals with data that appear in separate transactions. For example: If a shopper buys item A in
the first week of the month, then s/he buys item B in the second week etc. In
Classification/clustering we analyze a set of data and generate a set of grouping rules which
can be used to classify future data. For example, one may classify diseases and provides the
symptoms which describe each class or subclass. This has much in common with traditional
work in statistics and machine learning. However, there are important new issues which arise
because of the sheer size of the data. One of the important problem in data mining is the
Classification- rule learning which involves finding rules that partition given data into
predefined classes
Classification Model:The different type of classification models are as follows:
1. Decision tree.
2. Neural network.
3. Generic algorithm.
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C4.5 ALGORITHM

Systems that construct classifiers are one of the commonly used tools in data mining. Such
systems take as input a collection of cases, each belonging to one of a small number of
classes and described by its values for a fixed set of attributes, and output a clas- sifier that can
accurately predict the class to which a new case belongs.C4.5 generates classifiers expressed
as decision trees.
Given a set S of cases, C4.5 first grows an initial tree 1 using the divide-and-conquer algorithm
as follows: If all the cases in S belong to the same class or S is small, the tree is a leaf
labeled with the most frequent class in S. Otherwise, choose a test based on a single attribute
with two or more outcomes. Make this test the root of the tree with one branch for each
outcome of the test, partition S into corresponding subsets S1, S2 according to the outcome for
each case, and apply the same procedure to each subset

Figure 1: Working of C4.5 algorithm
1.1.1 Limitations
Some limitations of C4.5 Algorithm are:
(a) Empty branches: Constructing tree with meaningful value is one of the crucial steps for
rule generation by C4.5 algorithm. In our experiment, we have found many nodes with zero
values or close to zero values. These values neither contribute to generate rules nor help to
construct any class for classification task. Rather it makes the tree bigger and more complex. (b)
Insignificant branches: Numbers of selected discrete attributes create equal number of
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tree. But all of them are not significant for

(c) Over fitting: Over fitting happens when algorithm model picks up data with uncommon
characteristics. This cause many fragmentations in the process distribution. Statistically
insignificant nodes with very few samples are known as fragmentations. Generally C4.5
algorithm constructs trees and grows it branches. This strategy performs well with noise free
data. But most of the time this approach over fits the training examples with noisy data.
1.2

KNN ALGORITHM

In 1968, Cover and Hart proposed an algorithm the K-nearest Neighbor, which was finalized
after some time. K-Nearest Neighbor can be calculated by calculating Euclidian distance,
although other measures are also available but through Euclidian distance we have splendid
mixture of ease, efficiency and productivity Suppose that an object is sampled with a set of
different attributes, but the group to which the object belongs is unknown. Assuming its group
can be determined from its attributes; different algorithms can be used to automate the
classification process. A nearest neighbor classifier is a technique for classifying elements
based on the classification of the elements in the training set that are most similar to the
test ex- ample. With the k-nearest neighbor technique, this is done by evaluating the k number
of closest neighbors. In pseudo code, k-nearest neighbor classification algorithm can be
expressed fairly compactly : k is the number of nearest neighbors for each object X in
the test set do Calculate the distance D(X,Y) between X and every object Y in the training set
neighborhood the k neighbors in the training set closest to X X. class :Select
Class(neighborhood) end for Distance and Similarity metrics: While the terms similarity
metric and distance metric are often used to refer to any measure of affinity between
two objects, the term metric has a formal meaning in mathematics. A metric must conform to
the following 4 criteria (where d(x, y) refers to the distance between 2 objects x and y):
1. d(x, y) ≥ 0; non-negativity
2. d(x, y) = 0onlyif x = y; identity
3. d(x, y) = d(y, x); symmetry
4. d(x, z) ≥ d(x, y) + d(y, z); triangle inequality
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1.2.1 Advantages
1. KNN classifiers have paved an important path for classification of data in biometrics like iris
detection, signature verification.
2. If compared with different distances Euclidean distance has higher efficiency as compared to
other distances.
3. If compared with Bayes algorithm K-Nearest neighbor algorithm again maintains its
efficiency.
4. The KNN classifier is one of the most popular neighborhood classifier in pattern recognition.
5. A innovative method to improve the classification

Figure 2: Working of KNN algorithm performance of KNN using Genetic Algorithm (GA) is
being implemented.
1.2.2 Limitations
1. Great calculation complexity.
2. Fully dependent on training set.
3. No weight difference between each class.
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4. The cost of the optimal solution decreases with in- creasing k till it hits zero when the
number of clusters equals the number of distinct data-points. This makes it more difficult to
(a) Directly compare solutions with different numbers of clusters.
(b) To find the optimum value of k.
1.3 SUPPORT VECTOR MACHINE ALGORITHM
The aim of SVM is to find the best classification function to distinguish between members
of the two classes in the training data. The metric for the con- cept of the best classification
function can be realized geometrically. It offers one of the most robust and accurate methods
among all well-known algorithms. It has a sound theoretical foundation, requires only a dozen
examples for training, and is insensitive to the number of dimensions.
1.3.1 Algorithm
A linear classification function corresponds to a separating hyper plane f (x) that passes through
the middle of the two classes, separating the two. Once this function is determined, new data
instance xn can be classified by simply testing the sign of the function
f (xn); xn belongs to the positive class if f (xn) ≥ 0.
1.3.2 Limitations
The limitation is SVM is its computational inefficiency.
1.3.3 When to use
SVM is capable of doing both classification and regression. Non-linear SVM calculates the
boundary that is not a straight line. The benefit is that we can capture much more complex
relationships between the data- points without having to perform difficult transformations on
our own. The downside is that the training time is much longer as it’s much more
computationally intensive.
1.4 APRIORI ALGORITHM
Apriori is very much basic algorithm of Association rule mining. It was initially proposed by R.
Agrawal and R. Srikant for mining frequent item sets. This algorithm uses prior knowledge of
frequent item set properties that is why it is named as Apriori algorithm. Apriori makes use
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of an iterative approach known as breath-first search, where k-1 item set are used to search
k item sets. There are two main steps in Apriori.
1) Join - The candidates are generated by joining among the frequent item sets level-wise.
2) Prune- Discard items set if support is less than min- imum threshold value and discard
the item set if its subset is not frequent.
1.4.1 Algorithm
Let the set of frequent item sets of size k be Fk and their candidates be Ck. Apriori
first scans the database and searches for frequent itemsets of size 1 by accumulating the
count for each item and collecting those that satisfy the minimum support requirement. It
then iterates on the following three steps and extracts all the frequent item sets.
1. Generate Ck+1, candidates of frequent itemsets of size k +1, from the frequent itemsets of
size k.
2. Scan the database and calculate the support of each candidate of frequent item sets.
3. Add those itemsets that satisfies the minimum support requirement to Fk+1.
It is evident that Apriori scans the database at most (kmax+1) times when the maximum
size of frequent itemsets is set at kmax.
Apriori(T,)
L1 ≺ −large1 − itemsets k ≺ −2
whileLk − 1 = 0
Ck ≺ −a ∩ b|a ∈ Lk − 1 ∩ b ∈ U Lk − 1 ∩ b ∈/ a
for transaction t ∈ T
Ct ≺ −c|c ∈ Ck ∩ c ⊆ t
for candidatesc ∈ Ct
count[c] ≺ −count*c+ + 1
Lk ≺ −c|c ∈ Ck ∩ count*c+ ≥
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k ≺ −k + 1
return S Lk
1.4.2 Advantage
1 .It is very easy and simple algorithm.
2. Its implementation is easy.
1.4.3 Disadvantage
1. It does multiple scan over the database to generate candidate set.
2. The numbers of database passes are equal to the max length of frequent item set.
3. For candidate generation process it takes more mem- ory, space and time.
1.5

EXPECTATION-MAXIMIZATION ALGORITHM

First of all let us see what types of problems can be solved by using this algorithm. We all know
the main problem faced in signal processing is the estimation of the mean of a signal in noise.
This is where the EM algorithm is best suited. The EM algorithm consists of two major steps:
1. An expectation step: The expectation is done with respect to the unknown underlying
variables by using the current estimates of the parameters and conditions upon the
observations.
2. Followed by a maximization step: The maximize step then provides new estimates of the
parameters. The two steps are iterated until they converge or become same.
1.5.1 Algorithm
The idea behind the EM algorithm is that, even though we do not know x1 and x2, knowledge
of the underlying distribution f (x1, x2, x3/p) can be used to determine an estimate for p. This is
done by first estimating the underlying data, then using these data to update our
estimate of the parameter. This is repeated until both the values become same. Let p[k]
indicate the estimate of p after the kth iteration, k = 1, 2 ...An initial parameter value p[0] is
assumed. The algorithm consists of two major steps: Expectation Step (E-step).Compute the
expected value of the x data using the current estimate of the parameter and the
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observed data. The expected value of x(1), given the measurement y(1) and based upon
the current estimate of the parameter, may be computed as
x(1)[k + 1] = E[x(1)|y(1), p[k]]
Maximization Step (M-step): Use the data from the expectation step as if it were actually
measured data to determine an ML estimate of the parameter. This estimated data is
sometimes called”imputed” data. The ML estimation is calculated by the formula:
P [k + 1] = logf (x(1)[k + 1], x(2)[k + 1], x(n)|p)

1.5.2 Application
1. Emission tomography Image reconstruction of body:
Emission tomography is a medical imaging technique. Tissues within a body are stimulated to
emit photons. These photons are detected by detectors surrounding the tissue. For purposes of
computation the body is divided into B boxes. The number of photons generated in each box
is denoted by n(b),b = 1, 2, ..., B. The number of photons detected in each detector is
denoted by y(d),d = 1, 2, ..., D. Based upon the geometry of the sensors and the body it is
possible to determine p(b, d).Now after the probability density function is known we try to
maximize the expectation using the EM algorithm.
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2. Active noise cancellation:
Active noise cancellation is accomplished by measuring a noise signal and using a speaker
driven out of phase with the noise to cancel it. In many traditional ANC techniques, two
microphones are used in conjunction with an adaptive filter to provide cancellation.
Using the EM algorithm, ANC may be achieved with only one microphone.
3. HMM:
HMM stands for hidden Markov model. It is a non-deterministic model of a process that
exhibits features that change over time. It has been applied in a broad variety of sequential
pattern recognition problems such as speech recognition and handwriting recognisition. The
EM algorithm is used to determine the initial state and transition probabilities. The EM
algorithm has also been widely used in econometric, clinical, and sociological studies that have
unknown factors affecting the outcomes.
1.5.3 When to use
The EM algorithm may be employed when there is an underlying set with a known distribution
function that is observed by means of a many-to-one mapping.
1.6

NAIVE BAYES

The naive Bayes classifier greatly simplify learning by assuming that features are independent
of given class. In practice naive Bayes often competes well with more sophisticated classifiers.
Bayesian classifiers use Bayes theorem, which says1.6.1 Advantage
1. The algorithm is easy to implement. 2. Good results obtained in most of the cases.
1.6.2 Disadvantage
1.The algorithm uses assumption of class conditional independence .Therefore there is a
threat of loss of ac- curacy 2.Practically, dependencies exist among vari- ables, which cannot
be modeled by the algorithm.
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1.6.3 When to use
The problem of judging documents as belonging to one category or the other (such as
spam or legitimate, sports or politics, etc.) with word frequencies as the features can be
solved more competitively with the help of nave bayes other than SVM.
2 CONCLUSION
These classification algorithms can be implemented on different types of data sets like data of
patients, financial data according to performances. On the basis of the performance of these
algorithms, these algorithms can also be used to detect the natural disasters like cloud bursting,
earthquake, etc. If your training set is small, high bias/low variance classifiers (e.g., Naive
Bayes) have an advantage over low bias/high variance classifiers (e.g., kNN or logistic
regression), since the latter will over fit.
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