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1. Problem Definition

There are many cases where we are looking for an answer in a question and we know that it is likely that a Webpage contains it. That leads us to the use of a search engine. The usual process of finding the answer consists of the step of extracting some special keywords from our question and supplying them to the search engine requesting possible hits. We will finally end-up with a plethora of WebPages, containing those keywords, which we will have to visit in order to find an answer to our question. The great number of hits that may be presented (with lots of them containing the keywords but being irrelevant to our question) prevents us from visiting all WebPages one by one or even locating the ones with relevance to our initially asked question.

Consider for example the following question: "Do aliens exist?"

Giving such a question to Google has returned: 178000 hits. Clearly the problem was not to find whether there are WebPages that contain the keywords but to find an answer to our question. Even if we try to use the site www.askjeeves.com which claims to provide an answer to questions like the one mentioned above we get some of the following results:

	
	Exraterrestrial-Aliens.com - Alien and ufo phenomenon related eBook.

	[image: image1.png]



	...of Nine ETs Interacting With Us Just Say Cheese! Do Aliens Exist? Astronaut Believes There's Life Beyond Earth Already Visited and... 
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	From: http://www.extraterrestrial-aliens.com/index.html  

	Do Aliens Exist? :: Essays and Term Papers

	Do Aliens Exist? This paper examines the possibility of other life out there. Paper #: 3410 # of words: 1,580. Written: 2000. Price: $ 30.00... 

	From: http://www.academon.com/lib/paper/3410.html  

	1001 Lyrics - Blink 128 - Aliens Exist

	Blink 128 - Aliens Exist - Enima of the State Hey mom, there's something in the backroom Hope it's not the creatures from above You used to read me... 

	From: http://www.geocities.com/the1001lyrics/lyrics/aliensexist.htm  
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	Blink 182 Lyrics: Aliens Exist
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	Home > Enema Of The State Album > "Aliens Exist" "Aliens Exist" 
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	From: http://www.geocities.com/blink182lyrics/enema_lyrics/aliens_exist.html  

	Aliens Exist - Blink 182 - Absolute Lyric

	 [SPONSOR] You are at: Lyrics Home > Blink 182 > Aliens Exist. Quick Search. Advance Search. Main Menu. Home. Top 50. Billboard. Forum... 

	From: http://www.absolutelyric.com/a/view/Blink%20182/Aliens%20Exist/  
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	aliens exist - blink 182 free mp3 download
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	...aliens exist - blink 182 free mp3 download... 
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	From: http://www.mp3mtv.com/dl/145126/  


It is obvious that within those pages there are some, which are totally irrelevant to our question (like the lyrics of the song or the song itself as an .mp3).  Moreover it is impossible to get an answer without visiting at least one of the presented hits.

Those problems occur from the fact that our search today in the Internet is keyword based due to the absence of any semantic analysis on our questions or the answers. Current search engines are based on keyword matching algorithms and optimization techniques to reduce the time needed for the matching algorithm to examine all possible candidate pages. No information concerning the context of the WebPages can be possibly extracted.

Obviously the ability of a server to understand some parts of the WebPages it is accessing, would greatly improve the information quality of the pages returned from a question like the one above. Such ability would naturally come after the first keyword based search approach which will restrict the number of possible hits. The ability of a server to understand parts of the semantic contents of the page is the essence of the Semantic Web.

In this essay, we are presenting the design specifications of a new approach which enables the user to pose questions to a specific server and apart from the hits he gets, he also gets an answer on whether the webpage answers his question and some implication on what the answer may be.

The rest of the essay is organised as follows. In section 2 we present an overview of our approach in contrast with the traditional approach exploited by search engines. In section 3 we present an overview of the operation of the server that handles the search. In section 4 a more detailed description is provided on the way various components of the implementation operate. Then, in Section 5 and 6 we present a case study where it is possible to see and evaluate the merits of the approach along with its functionality. Conclusions and future work are provided in section 7 for future releases of the implementation.

2. Overview of the approach

The main difference of the proposed approach from the traditional one is illustrated in Figure 1.
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Figure 1 The traditional and proposed approach

On the left hand side of Figure 1 the traditional search approach is illustrated. Keywords are extracted from the WebPages and the questions and then they are matched to each other in order to decide whether a Webpage is a hit or not. On the right hand side, the initial question is being transformed into its representation using an ontology. The webpage is also transformed to a representation using the same ontology [1,3]. By the semantic analysis of those representations [6,7,8], decisions can be more accurate on the relevance of the answers to the question and also some assumptions on how the question is being answered by the webpage can be provided. The ontologies used and the whole process will be better explained in the following sections.

3. Overview of the server

The implementation and functionality of the server is illustrated in Figure 2.
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Figure 2 Overview of the implementation of the server

The ontology will be described as follows:

· Concepts are all named

· Concepts have possessions

· Concepts have characteristics

· Concepts have actions

· Concepts have views of their world and other concepts.

· Their possessions and actions are related to their characteristics.
In order to be able to locate concepts that refer to the same entity between the question and a possible hit, a restricted vocabulary will be used. This vocabulary apart from specifying a restricted number of words that is possible to be used in the text it also defines a simplified form of syntax and a limited grammar [9]. These simplifications enable the implementation of ontologies that will be cross-examined for finding the answer to the initial question. The restricted vocabulary is rich enough to allow the efficient expression of complex specifications. Since the original text will be in HTML form, after removing all tags from the page the system will simplify the syntax and vocabulary of the page’s content through the use of tables that provide generalizations and simplification of terms that may occur. The simplified content is then used to present the webpage’s ontology. This ontology is cross-examined with the ontology defined for the question we need an answer to.

4. Detailed description of the server

All engineering decisions and implementation choices described in the following subsections are related to the processing of possible hits which comes after the initial index-based keyword searching and tag stripping mechanisms. We intentionally left out those two initial steps since the first is already referenced and very much exploited by the research community and a plethora of web-search engines in the Web and the second is purely practical related to the HTML parser and does not hold any valuable innovation in the theoretical aspect of the design.

For this reason we take for granted that a number of web-pages have been returned from the initial keyword based search mechanism and an analyzer has been applied to them to strip all tags and unnecessary symbols existing within them. From this process we can safely assume that we end-up with paragraphs of text from the initial pages that actually hold the content and the meaning of the content of each hit page.

5. The restricted vocabulary

 Having to semantically analyze the whole remaining text in the full syntax and vocabulary of the used language (from now on assumed to be the English language) and extract from it ontology to be used for our method can prove to be a time consuming and highly complex task [4,5]. And that is because all syntactical constructs of the English language should carefully be associated with concepts and relations in the ontology and moreover every word of the English dictionary needs to be associated with specific attributes applied to concepts and relations. Also the greatest obstacle to processing English is not grammar, but the enormous vocabulary. An example of such a restricted vocabulary is the ACE (Attempto Controlled English) vocabulary [10].

After stripping all tags from the document, we transform it (using a few simple rules of a controlled language) in a text written in very simple English, which forms a restricted vocabulary. A controlled language is a subset of natural language that eliminates ambiguity. And that is what we will do with the text from a hit page.

Therefore the rules of the controlled language we want to use are:

· verbs and their synonyms are put at present tense

· nouns, adjectives and their synonyms are put in the nominative case

· use tables that provide generalizations and simplifications of terms that might occur to restrict even more the vocabulary.

By applying these rules to the text in discussion we obtain a simplified content that will be used to build (for each document) a very simple ontology which will contain concepts, characteristics of the concepts, views of other concepts and interrelations between concepts.

Because each word needs to be associated with specific attributes applied to concepts and relations, we chose to introduce a restricted vocabulary and restrict our engine’s ability to answer questions only to simple yes or no questions about the truth or falseness of a query. No syntactical or lexical constructs used to express time will have a meaning for our approach. Moreover, a table containing relations and simplifications of words from English language will be used in order to restrict the plethora of words that may be encountered in the text to a small subset used to create the ontology. Our approach in the implementation of the restricted vocabulary is better illustrated in Figure 3.



[image: image11]
Figure 3 Extracting a simplified version of the initial text

The goal of the syntax simplifier is to possibly extract any modification of a word that occurred due to syntactic rules, the needed time to be expressed and any unnecessary adjectives, simplifying as much as possible the sentences within the text. Consider for example the following text (taken from

http://www.insurance.com/profiles_insights/life_events/marriage/marriage_index.asp):

	Congratulations! Starting a new life with someone you love is a major event in your life. It's often the first step toward creating a new family, and many new responsibilities. It may not be the first thing on your mind right now, but you'll want to make sure that you and those you love are properly protected from unexpected and unfortunate events that could jeopardize your new family's well-being and financial stability


The syntax simplifier and the tense extractor for the above text would produce something like the following:

Congratulations! Starting life with someone you love is event your life. It is the step toward create family and responsibilities. It may not be the thing on your mind now, but you want to make sure those you love are protected from events that jeopardize your family stability.

The words in red are nouns, the words in blue are verbs and the ones in green are adverbs. They all represent the results given by the syntax simplifier.

As it will be shown in the following sections, only the syntactic rules that assist in building the corresponding ontology are kept intact while all the others are extracted and simplified.

The simplification table is nothing more than a two column table where on the left hand side one can find any possible word existing in the English vocabulary while on the right hand side these words are simplified to and grouped as simpler ones according to the nature of questions the server needs to answer. Such method leads to an English vocabulary with fewer words than the initial one by either grouping words with a common meaning to a simpler one or leaving some words out as irrelevant to the questions asked. 

To better illustrate this, consider a server which needs to have the capability of answering existential questions (i.e. answering whether a specific thing/entity exists or not). Since the initial goal is to verify existence, many verbs can be grouped together and others become irrelevant. 
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Figure 4 Example subset of a simplifying mapping table

6. Building the ontologies

In the proposed approach we build a general (common) ontology (containing things, events, time, space, causality, behavior, function) for each webpage that the search engine will give as a possible result (hit page), as well as for the question given as a query string. Each ontology will contain machine-interpretable definitions of basic concepts from the domain of the webpage and relations among these concepts [2,4].

Each ontology must be a formal explicit description of concepts in the domain of each webpage, of the properties of each concept that must describe various features and attributes of the concept, and some restrictions on the properties.

While building each ontology the following are necessary:

1) defining concepts in the ontology

2) arranging the concepts in a taxonomic hierarchy

3) defining properties (attributes and features) and describing the allowed values for these properties

4) filling in the values for the properties for instances of concepts.

Before defining the concept though it is recommended to define the domain and the scope of the ontology. Steps 1) and 2) are closely intertwined, because typically we create a few definitions of the concepts in the hierarchy and then continue by describing properties of these concepts and so on. It would be hard to do one of them first and then do the other.

Concepts are represented by rectangles with a textbox, instances of concepts are represented with rectangles that have rounded corners with textbox, relations are represented with oval shapes with textbox, and links are represented by lines between shapes with directional arrows at the end.

Example of a concept: 

An instance of this concept is:


Concepts in an ontology can have subconcepts (that are more specific that the concept itself), for example:



Figure 5 Example of ontology

The ontology should not contain all the possible properties of and distinctions among concepts in the hierarchy. Also we should keep in mind the fact that there is no single correct ontology for any domain.

After building the ontologies, we try to search within them using the concepts, relations and objects that belong to the ontology developed from the initial question. When we find the concepts we search for in one of the webpage ontologies, we continue to see if the relations of that concepts are the same with the ones we search for, and when we find a match, we consider that webpage as a hit for our search and based on the type of relation existing between the concepts and/or objects or other concepts (i.e. if the relation is an existential one) we can try to give an answer to the question under inspection, that is to say if “Aliens exist or not”.

For better illustration, consider that we have built the ontology for a webpage and we try to compare it with the one of the question in the query and see the following figure:


[image: image13]
Figure 5 Example of server operation

At this point we can say that we have found a page where the concepts and relations we are interested in can be found and the server will return the webpage as a hit, appending next to its URL the answer (YES or NO) to our question, that it deducted using the proposed design and the accuracy of the given answer.  A preview of the desired output for the proposed server can be seen below:


[image: image14]
7. Conclusions and further work
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Search results for “Do+aliens+exist+?”  Results found: 3








URL				         ANSWER        ANSWER ACCURACY





� HYPERLINK "http://www.alien-existence.com" ��www.alien-existence.com�		   YES			  95%





� HYPERLINK "http://www.extraterrestrials.com" ��www.extraterrestrials.com�		   YES			  78%





� HYPERLINK "http://www.life-forms.com" ��www.life-forms.com�			    NO			  11%	
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