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ABSTRACT
Document retrieval on the web is the key area of data mining, it is used to detect

patterns and extract useful information from web documents and web services. Document
retrieval is classified into web usage mining, web content mining and web structure
mining. This research work mainly focused on web content mining. It is used to extract
the important and useful data, information and knowledge from the contents of the web
pages. It explains the discovery of useful information from the collection of web pages.
In web content mining the contents may be a text, image, audio, video, metadata and
hyperlinks. The main application area of web content mining is document clustering,
document classification and information extraction from the web pages. In this research
work, pattern matching algorithms are used for web page content analysis and these
algorithms are used to match the pattern exactly. The main objective of this research work
is to retrieve the relevant information from a collection of web documents. For this
analysis, two algorithms are used; they are KMP Algorithm and Larry’s PageRank
algorithm. From this analysis based on the documents retrieved, these documents will be
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ranked so that it will be retrieved in a manner that every document will be accessed based
on the ranking.

Keywords: Document retrieval, pattern matching, page ranking. content mining, KMP
Algorithm, Larry’s PageRank Algorithm.

1. INTRODUCTION

Information retrieval is the
application of data mining techniques to
extract knowledge from Web data, which
includes Web documents, hyperlinks
between documents, and usage logs of
websites. This research work mainly
focused on web content mining. For
analyzing the content, pattern matching
algorithms are used. Pattern matching
algorithm is an essential idea for many
problems and it is used in various
applications which include text mining,
data retrieval, DNA pattern matching and
finding certain vital keywords in security
applications. This algorithm has two
strategies such as, exact matching and
approximates matching. In exact
matching, the pattern is completely
matched with the specific text window
of input text and it displays the initial
index position. In approximate
matching, if a precise portion of the
pattern matches with the selected text
window straight away it displays the
output.

The World Wide Web (WWW) is
the most likely and usable resource for

getting various kinds of information
which users want. Users usually need
the exact information which they can
find on the internet. Search Engine
Optimization Process is the well defined
process for website page ranking on the
search engine and this process is usually
used for finding page rank on various
websites or web pages. Search Engine
Optimization is also used for improved
website page rank on search engines.
The Highest Page Rank means that more
users use those websites or web
pages.The hot and newest technique is
search engine optimization for finding
page rank for respective website or
respective web pages on the internet. The
World Wide Web is the most useful
resource for finding multimedia
resources and other relevant data.

The main aim of the proposed retrieval
structure is to retrieve documents most
relevant to the user’s query, and the best
IR system ranks best the more relevant
documents than less relevant ones. The
documents are ranked based on
terminology in the query and the pattern
that matches and terms in the retrieved
documents. In many cases, queries do
not contain enough terms to
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disambiguate the user’s knowledge, so
the IR system may return irrelevant
documents. So, to overcome the scenario
of irrelevant documents this proposed
system contains classification algorithms
which classifies the documents retrieved
into several overall categories which will
be handy for the retrieval of documents
and ranking them.

Document classification is an
important task that has use cases in many
real-world problems. Assigning topics to
documents like news article, books,
webpages, social media post has many
applications like spam filtering,
sentiment analysis, tagging customer
queries, fake news detection etc. Natural
language's vastly large size, unrestrictive
nature, and ambiguity led to two
problems when using standard parsing
approaches that relied purely on
symbolic, hand-crafted rules:
unmanageable numerous rules and
inability to understand ungrammatical
text something which is human
comprehensible easily. A problem
statement apt for machine learning. NLP
is a branch of data science that consists
of systematic processes for analyzing,
understanding, and deriving information
from the text data in a smart and efficient
manner. By utilizing NLP and its
components, one can organize the
massive chunks of text data, perform
numerous automated tasks and solve a
wide range of problems such as –
automatic summarization, machine
translation, named entity recognition,
relationship extraction, sentiment
analysis, speech recognition, and topic
segmentation etc.

2. DATASET:

The chosen dataset is the ‘AG
News’ dataset consisting of 1,20,000
news articles for training categorized in
four categories- World, Sports, Business,
Sci/Tech. The documents have two main
attributes:

1. Title
2. Description.

Figure 2.1

Figure 2.1 is description of the
dataset. The four classes in which it is
classified are:

1. World
2. Sports
3. Business
4. Sci/Tech.

3. LITERATURE SURVEY

The Page Rank Algorithm is
Google's heart. Google was designed in
March 1996 as a research project by
Larry Page and Sergey Brin, Ph.D.
Student at Stanford University, USA.
Both are Works on the Stanford Digital
Library Project. The goal of SDLP was
“To develop the technologies for a
single, integrated and universal or unique
digital library for the Stanford University
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'' and this project was funded by the
National Science Foundation and other
federal agencies. The various pages
focus on the respective information for
the web resources and there are funds
available for their web usage data on the
respective web document.

According to various topics the
page rank is distributed for their
respective resources. There are various
algorithms proposed based on link
analysis. Three important algorithms
PageRank, Weighted PageRank and
HITS (Hyper-link Induced Topic Search)
are discussed in below

4. METHODOLOGIES

4.1 Pattern Matching

Pattern searching is an important
problem in the Document retrieval
system. When a word is searched in a
notepad/word file or browser or
database, pattern searching algorithms
are used to show the search results. The
worst case complexity of the Naive
algorithm is O(m(n-m+1)). The time
complexity of the KMP algorithm is
O(n) in the worst case. In this proposed
system KMP Algorithm is used along
with Larry’s PageRank algorithm to
retrieve documents.

Figure 4.1.1

Figure 4.1.2

When doing naive pattern
matching every time you’ve encountered
a mismatch between the pattern and the
target string, a step forward is taken in
the target and starting to re-match the
entire pattern from the very beginning.
KMP, on the contrary, can help to skip
several unnecessary comparisons, which
will, of course, positively impact the
complexity. This is now with the help
from his little friend an array of Longest
Proper Prefix which is Suffix (LPS),
which is constructed for the pattern prior
to the main phase of the algorithm.
As the name suggests the LSP array
contains the information about the
Longest Proper Prefix which is Suffix.
This algorithm contains two pointers
“top and bottom”. After forming the LSP
array for the pattern the real KMP
algorithm starts working. This algorithm
uses the LSP array to match with the
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words present in the document. When
the accurate array count of the words
matched the word will be returning the
index which inturn helps to retrieve the
document that is matched.

4.2 Page Ranking

Brin and Larry Page developed
The Page Rank algorithm at Stanford
University based on their Ph.D. Research
Work. PageRank algorithm is mostly
used by the world famous search engine,
Google. Other search engines also uses
PageRank algorithm for ranking the
different kinds of pages in the websites.
There are two basic types of Page Rank
algorithms

● Weighted Page Rank
● Page Rank

Comparing these two page rank
algorithms in various fields like Very
Relevant Pages (VRP), Relevant Pages
(RP), Weak Relevant Pages (WRP),
Irrelevant Pages (IP) Weighted Page
Rank algorithm is not used often since
there is a need to calculate the weights of
words in every document. So, in this
system we go with Larry’s page ranking
algorithm.

Figure 4.2.1

Figure 4.2.1 is a simple
illustration of the Pagerank algorithm.
The percentage shows the perceived
importance, and the arrows represent
hyperlink.

4.3 Classification

In the last few years, neural
networks based on dense vector
representations have been producing
superior results on various NLP tasks.
This trend is sparked by the success of
word embeddings and deep learning
methods. The traditional NLP systems
which were formed upon machine
learning rules have always relied majorly
on hand-crafted features whereas deep
learning has provided substantial
difference with multi-level automatic
feature representation learning. With
time as the success of a simple deep
learning framework was established over
conventional machine learning
methodologies, several NLP tasks have
changed their focus on this new area. Not
only have complex deep learning based
algorithms been proposed but
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applications such as semantic role
labeling and named entity recognition
have been improved greatly.

Firstly, text preprocessing is done.
It is done in three steps. Tokenization,
Noise Removal and Normalization. Next,
feature engineering is done for the
dataset. Text files are actually a series of
words (ordered). In order to run machine
learning algorithms we need to convert
the text files into numerical feature
vectors. It is implemented using the
following: CountVectors, TF-IDF
Vectors Word level, TF-IDF Vectors
N-Gram level, TF-IDF Vectors Character
level, Text / NLP based features.

4.3.1 Shallow Neural Networks

Neural networks or feedforward
neural networks. These have multiple
layers of neurons arranged in fashion
similar to that of the human brain. The
input feature vector is processed at each
layer and then forwarded to the next
hidden layer. The output for the next
layer is created by multiplying the input
with weight w and bias b. All of this
summed up and then passed on to the
activation function. The algorithm
initializes the weights and trains them
using backpropagation. We reduced the
error of the predicted output, it uses
optimization methods like the gradient
descent.

Figure 4.3.1.1

In order to have minimum training loss
and maximize the accuracy, have epochs
of 10. So, on an average the function
trains my model in 10 rounds. Also, the
batch size is 50. This essentially means
that we have used 50 samples in one
forward and backward pass to optimize
the computation rate and memory
consumption. Validation split of 10 % is
used, this is a split of training data to
calculate loss function and should be
kept apart from testing set in order to not
let testing set to influence the model.
Finally, the model is trained and saved
for the classification of documents.
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5. RESULTS

The documents in which the pattern matches are retrieved first.

Figure 5.1
Figure 5.1 represent the output generated after ranking of the documents retrieved

from pattern matching.

Figure 5.2
Figure 5.2 represent the epochs run for training the dataset using the Shallow Neural

Networks
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Figure 5.3
Figure 5.3 represents the Training and validation accuracy and the Training and

validation loss.

Figure 5.4
Figure 5.4 represents the classification of document (Sci/Tech).

Figure 5.5
Figure 5.5 represents the classification of document (Sports).

6. INFERENCE

From the proposed system,
according to the given pattern of text.
The pattern is converted to a series of
arrays called Longest Proper Prefix
which is a suffix. The documents
retrieved from the dataset come under
the category of Very Relevant Pages and
Relevant Pages and that retrieved
documents are ranked accordingly using
Larry’s PageRank algorithm. Larry’s
PageRank algorithm works based on

ranking items according to a criteria.
Here, that criteria is the retrieved index
of the matching pattern. After the
ranking process is over, all the
documents are present under a single
head. Now the documents are passed to
the category predictor and the documents
are categorized based on the predefined
classes.
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