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ABSTRACT: The Internet has become “the place” for accessing any type of information. There are millions and millions of Web pages and, everyday, new content is produced and web pages are created. Therefore, the use of search engines is becoming a primary Internet activity, and search engines have developed increasingly clever ranking algorithms in order to constantly improve their quality. Internet has been instrumental in revolutionary spread of Information Technology over last decade across the globe. It has proved to be the major catalyst for IT proliferation and has had enormous impact on everyone’s life around the world. Information on internet is growing in geometric progression. It is very difficult for the user to find the accurate information from such a large domain which the users care for. Search Engines emerged and developed quickly at this background. In this research paper efforts haven made to critically analyse the different kinds of search engines. In the next phase the working mechanism of general search engine is presented with different kinds of Information collection and their indexing techniques. At last the paper presents the new projection and trends of Search Engines.
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1. INTRODUCTION:

The Digital age; the Computer age; the Information era. These are but three names that are used to describe the current age, and they are completely accurate. Although there are still some older people that refuse to embrace the internet, most young people could not even imagine life without it. We use computers to shop, organize and print our photos, and to research all different kinds of information, among others.

Today, the world wide web is generating new challenges for the information retrieval community such as management of large amount of hyperlinked pages, accessing documents written in various languages, crawling the web to find the appropriate website to index, providing precise information to the user requests, measuring the quality of available information and interactive searches looking for specific document or Web pages. 

Large amount of data and information available on internet posses’ infinite difficulties in retrieving the information via the Internet. It is found that 90% users get right information via the search engine which they need. On the basis of information collection or work modes, search engine system is classified into three categories. 1) Content Search 

Engines: The bodies of content search engine are concluded and they are manually classified. The users would query information limited to some contents. This kind of search engine use intelligence of people searching of information is accurate and navigation quality is good. The problem with this search engine is that such kind of search engines need human intervention, the information that requires is incomplete and updating is out of time. Examples of such kind of search engines are Yahoo, Sohu and Sina. 2) Robot Search Engines: Is the robot program which is called robot or spider collects information on the basis of width or depth strategy. The collected information is stored in database, created index by indexer. The machine searches indexed database using users request and returns queried results back to the users. These don’t need manual intervention. Information updating is in time and can have vast information. The problems with such kind of search engines are that the returned results are excessive and most of the results may be irrelevant. The examples of such kind of search engines are Google, Baidu etc. 3) Meta Search Engine: This is the special kind of search engine in which the user’s query request is submitted to many Search Engines at the same time. They don’t analyse through internet and do not have their own data.  The basic mechanism of Meta Search Engine is that they submit the user’s request at the same time to many search engines, remove repetitions and assign the new rank and return searched results back to the users. The main advantages of such kind of Search Engines are that they can provide comparatively general and more correct information in short duration. The disadvantages are that they are not completely using the functions of Search Engines. The examples of such kind of Search Engines are MetaCrawler, InfoMarker etc.

2. SEARCH STRATEGIES:  At present, the working mechanism of most of the Search Engines on internet is same. Most of the search Engines generally include Robot (Crawler), Indexer and Searcher. The general structure of the Search Engine is given in Figure 1 as below:

Working of Search Engine: The crawler-based search engines have following components. The very first component is the Spider also known as Crawler or Robot which visits the webpage, reads it and then follows links to other pages within the site. The robot returns to the site on regular basis to look for the changes made. It searches whole internet using some strategies. After searching, the filters are used to extract the accurate and correct information and then it stores the web pages information to local database i.e., index also known as catalogue. The catalogue is like a large book containing the copy of every web page that the robot finds. If the web page changes then the index is updated with new information. The information is stored in the database using some indexer such as keyword, title etc. The last component is the search engine software, which is usually the search engine’s interface. Using some querying techniques, the user’s request is matched against information stored in indexed database through web browser and results are returned to the user using some ranking methods.  The general structure of search engine is shown in Fig. 1

Crawling strategies: The web pages can be accessed by the robot or spider in Depth priority basis or Width priority basis. Let us take an example of hyperlinked pages as shown in Figure 2. The depth priority algorithm and width priority algorithm for the Figure 2 is explained below.

Depth Priority Algorithm: In the depth priory algorithm, the robot starts from the specified URL and searches along the depth hyperlink over the internet. It comes back to the specified URL until the branch is completely searched then it searches to the next branch. It works on the principle of Depth First Search. 

The hyperlinks in Depth Priority Algorithm are accessed in the order:

 User Specified URL  -  A  -  E  -  F  -  B  -  G  -  L  -  M  -  C  -  H  -  I  - J  -  D  -  K

Width Priority Algorithm: In the width priory algorithm, the robot starts from the specified URL and searches along the width hyperlink over the internet. It searches the information over the internet on the principle of Breadth First Search. 

The hyperlinks in Width Priority Algorithm for Figure 2 are accessed in the order:

User Specified URL  -  A  -  B -  C  -  D  -  E  -  F  -  G  -  H  -  I  -  J  - K  -  L  -  M  
3. INDEXING: We can view effective Web searches as an information retrieval problem. Information retrieval problems are characterized by a collection of documents and a set of users who perform queries on the collection to find a particular subset of it. This differs from database problems. In the Information Retrieval context, indexing is the process of developing a document representation by assigning content descriptors or terms to the document. These terms are used in assessing the relevance of a document to a user query. They contribute directly to the retrieval effectiveness of an Information Retrieval system.


Figure 1: General Structure of Search Engines


Figure 2: Tree Structure for Depth/Width Priority Algorithm

Speed and performance can be optimized with the help of indexing the relevant document for a search query. Without indexing, the search engine would search every document in the domain, which would require considerable amount of time and computing power. The analysis shows that the sequential search of every word in 1, 00,000 large documents would take hours while same can be queried within milliseconds if we use index on the documents.

The additional increase in time required to update an index and additional computer storage required to store the index can be compensated by time saved during the information retrieval.

The effectiveness of an indexing system in search engines is controlled by mainly two parameters, Exhaustive Indexing and Non-Exhaustive Indexing.

In case of exhaustive indexing, it generates a large number of terms to reflect the all aspects of the subject matter present in the document. When it is non-exhaustive, it generates fewer terms corresponding to the major subject in the document. Broad ones retrieve many useful documents along with a significant number of irrelevant results while narrow ones retrieve fewer documents and may lose some relevant documents.

Two parameters first, Precision and second, Recall are always of importance for us when we are dealing with Information Retrieval.

Precision: It is the ratio of the number of relevant documents retrieved to the total number of documents retrieved.

Recall: It is the ratio of number of relevant documents retrieved to the total number of relevant documents in the collection.

Indexing can be done in two ways, manually or automatically. The total size of the Web is so large that makes manual indexing impractical. Automatic indexing does not require the tightly controlled vocabularies that manual indexers use, and it offers the potential to represent many more aspects of a document than manual indexing can. 

In this following section, we will discuss various indexing methods.

The term set of the document includes its set of words and their frequency. Words that perform strictly grammatical functions are compiled into a stop list and removed. Indexing can be classified into following categories: statistical, information theoretic, and probabilistic. 

(a) Statistical Method: The statistical indexing method is used to capture those words having good discrimination abilities. So, word characterization ability is the important feature to capture the content of a document. This approach views each document as a point in the document space.
In order to do statistical indexing, some sort of normalization and tokenization has to be performed. Stop lists are used to band the document from function words as prepositions, conjunctions etc. Most of the automatic indexing methods start with observing the word frequency in the document. 

In this, the value of term can be approximated in the document as a discriminator based on certain changes in the document when a term is introduced to the collection. This change can be quantified based on the average distance of the term between the documents.  We can say that words or terms that occur in few documents are considered more valuable to the content in the document than the terms that occur more frequently in the documents. The overall effect is that high frequency terms have negative discrimination values, medium frequency terms have positive discrimination values and low frequency terms have discrimination values close to zero. 

Let us assume that we have collection of N documents. Let TFij represent the term frequency. The term frequency is the function of the frequency of the term Tj in the document Di. Terms that have more concentration in a few documents of a collection can be used to improve precision by distinguishing documents in which they occur from those in which they do not. Let DFj represent the document frequency of the term Tj in a collection of N documents, which is the number of documents in which the term occurs. Then, the inverse document frequency, given by log (N/DFj), is an appropriate indicator of Tj as a document discriminator. 

Frequency-based indexing model can be explained in terms of term-frequency and inverse inverse-document-frequency components where the weight of a term Tj   in document Di denoted by Wij is given by Wij = TFij log(N/DFj)
(b) Information - Theoratic Method: In information theory, the least-predictable terms carry the more information. Least-predictable terms are those that occur with smallest probabilities. Information theory concepts have been used to derive a measure, called signal-noise ratio, of term usefulness for indexing. This method favours terms that are concentrated in particular documents. Therefore, its properties are similar to those of inverse document frequency.

(c) Probabilistic Indexing Method: The basic idea of the probabilistic model is to answer the basic question: What is the probability that this document is relevant to this query? Strictly speaking, we are talking the probability that a document has with this description. The central idea of this model is to estimate the probability of relevance for each description in a document.

This method generates complex index terms based on term-dependence information. Since this requires considering an exponential number of term combinations and, for each combination, estimating the probabilities of coincidences in relevant and irrelevant documents, only certain dependent-term pairs are considered in practice. In theory, these dependencies can be user specific.

Both the methods discussed above i.e., statistical and probabilistic approaches, suffer from the problem that the terms which occur together are not necessarily related semantically. Therefore, these approaches are not likely to produce high-quality indexing units. Hence, we are discussing one more method of indexing namely, Linguistic method.

(d) Linguistic Method: The methods of indexing discussed above suffer from the problem that these do not incorporate syntactic constructs. Assigning syntactic constructs such as noun, pronoun, verb, adverb and adjective to terms which can enhance the statistical method described above. Simple syntactic analysis can be used to identify the syntactic units.

Though various automatic methods for thesaurus construction have been proposed, their effectiveness is questionable outside the special environments in which they are generated.

4. RANKING STRATEGIES: The ranking strategies of the search engines are the key issue which influences the search results of the user’s request. The information can be filtered in result set. It can enhance the querying efficiency significantly. We will be discussing two major ranking algorithms, namely, Page Rank Algorithms and HITS algorithms in this section.

(a) Page Rank Algorithm: As we know that Web Pages are different from traditional texts. They include much more structural information and links in pages indicate relation among them.

Page Rank is defined as a numeric value that a page has on the internet. Pages that have links to other pages are a benefit to those other pages. If visitors go to a certain site from one particular page, then that page is ranked very important. When users visit a webpage from another page, that page votes for that page being visited. Google determines the value of a vote based on the importance of that web page to the search engine. To determine this importance, Google have come up with a system that enables them to calculate the importance of the page. 

Google uses following equation to calculate the Page Rank: 

PR (A) = (1-d) + d (PR (t1)/C (t1) + … + PR (tn)/C (tn)

In the above equation, the values t1 and tn are pages that are linked to the page whose rank is to be        calculated. The value ‘C’ represents all outbound links on that page and‘d’ is the damping factor which is constant. The value of damping factor must be less than one. This is the ‘vote’ that other pages have helped cast on the page to increase the rank. Therefore, Google shares out the number of ‘votes’ on that page for all pages that have ‘voted’ for that page so that they all get a point towards their Page Rank. Therefore, the less outbound links there are on a page the higher that page will rank and that ‘vote’ will be valued more when linked to other pages.
Based on above algorithm, it is almost impossible to have 100% accuracy rates for Page Rank values. This is because the initial information used was not accurate and subsequent calculations were based on that information. This long process is the reason why Page Rank updates take as long as they do.

(b) Hyperlink-Induced Topic Search (HITS): It is also known as Hubs and authorities algorithm. It is a link analysis algorithm that rates Web pages. It determines two values for a page, one the authority, which estimates the value of the content of the page and second the hub value, which estimates the value of its links to other pages.

The first step in the HITS algorithm is to retrieve the set of results to the search query. The computation is performed only on this result set, not across all Web pages.

Authority and hub values are defined in terms of one another in a mutual recursion. An authority value is calculated as the sum of the scaled hub values that point to that page. A hub value is the sum of the scaled authority values of the pages it points to.

The algorithm performs a series of iterations, each consisting of two basic steps:

1) Authority Update: Update each node's Authority score to be equal to the sum of the Hub Scores of each node that points to it. That is, a node is given a high authority score by being linked to by pages that are recognized as Hubs for information.

2) Hub Update: Update each node's Hub Score to be equal to the sum of the Authority Scores of each node that it points to. That is, a node is given a high hub score by linking to nodes that are considered to be authorities on the subject.
The Hub score and Authority score for a node is calculated with the following algorithm:

1) Start with each node having a hub score and authority score of 1.

2) Run the Authority Update Rule

3) Run the Hub Update Rule

4) Normalize the values by dividing each Hub score by the sum of the squares of all Hub scores, and dividing each Authority score by the sum of the squares of all Authority scores.

5) Repeat from the second step as necessary.

HITS, like Brin's PageRank, is an iterative algorithm based on the linkage of the documents on the web. However, it does have some major differences:  

1) It is run at query time, not at indexing time. Thus, the hub and authority scores assigned to a page are query-specific.

2) It calculates two values per document, namely, hub and authority, as opposed to a single score.

3) It is done on a small set of relevant documents, not on all documents as was the case with PageRank.
5. CONCLUSION

In this paper, the key strategies of data collection over the internet, indexing and ranking issues were raised to improve the efficiency of search engines. Search Engines performance can be enhanced significantly if above strategies are employed.  However, it is expected that search engines will step up to specialization and intellectualized progress as there is continuous up gradation and enhancement in the current information technologies. 
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