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Using English for Queries: An Approach to Implementing an Intelligent
Web Search

Vitaly Klyuev
University of Aizu, Aizu-Wakamatsu

The retrieval efficiency of the presently used search tools cannot be significantly improved: A "bag
of words" interpretation causes loosing semantics of texts. The functional approach to present
English texts in the memory of computers makes it possible to keep semantic relations between
words and use ordinary English sentences as queries. The prototype of the system utilizing this
approach is presented.
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1. Introduction

Nowadays, the Internet is the major source of information for millions of people all round the
world. For many users, the Internet has supplanted TV and newspapers. Searching is the most
common task performed on the Web by the end user. There are many general purpose and topic-
oriented search tools available on the net but finding appropriate information is still difficult and
searching remains the most frustrating task.

The key reasons for such a situation can be characterized as follows. Texts are considered as
“bags of words” by search engines. Such a view resulted in two main outcomes:

o Search engines do not take into account semantics of text documents when perform indexing
and searching. In other words, they simply loose semantics of documents.

o The language to express queries is artificial: a set of key words. Its semantics is very far from
the semantics of any natural language.

Users have been taught to utilize keywords as a query language since the beginning of the search
engines era. Many on-line instructions suggest how to choose keywords for queries but selecting
correct words to specify the information needs is not an easy task for ordinary users: Statistical
analysis of user behaviors showed that queries are short (2 to 3 terms on average) and ambiguous,
and users rarely look beyond the first 10 — 20 links retrieved [1].



The logical outcome from the aforementioned representation of text documents is: Statistical
methods dominate in the area. A large portion of research to develop new techniques is oriented
towards testing different heuristics. The most popular techniques utilized by search engines’
developers include a) vector space model, b) Boolean model, and c) probabilistic model. Their
comprehensive description can be found in [2]. To improve the quality of the search different
techniques were proposed. Among techniques utilized by search engines to solve the polysemy
problem, we point out statistical analysis of the user profile data and query expansion utilizing
dictionaries of synonyms. These techniques are in common use [3, 4]. The Google approach
adopted the idea of the citation index widely used in the scientific world to detect importance of
publications. This solution helped to improve the quality of search results and made Google the
most successful search engine [5].

The retrieval efficiency of the presently used systems cannot be significantly improved: “Bag of
words” interpretation causes loosing semantics of texts.

One of the promising solutions to make the Web search more intelligent is to implement the
functional interpretation of texts in natural languages. Such a view helps to preserve semantic
relations between words. These relations can be taken into account when indexing documents and
when performing searching. Utilizing this approach, it is possible to use a natural language to
express user queries. In many cases, this way is more usual for users to describe their information
needs compared to the keyword style.

In this study, we discuss an improved model of Web service and the architecture of the prototype
of the retrieval system based on the functional approach.

2. A Functional Model

The functional approach was initially proposed for Russian language [6]. Its main feature is that
it uses a functional representation of the sentence meaning. The key point of this view is as follows:

Each word of the natural language (in our case English) is the name of a function f(x,,x,,....%, )

connected with this word and called its semantics. Most of the words in the natural language have
several meanings. This fact is well known. The word obtains one of its particular meanings after
assigning values to the particular arguments.

This concept has an analogy in programming languages: Overloading involves providing several
methods with the same name, but having different parameter lists. The meaning of the word is
calculated when the function f is running. The sentence represents a single complete superposition

of word functions. The same situation can be seen in programming languages: The meaning of the
program is calculated when the program is running. There is a direct analogy between sentences in
a natural language and programs in programming languages such as Java, C, etc.

3. Improved Web Search Service

Nowadays, general purpose search engines such as Google, Yahoo!, Ask, etc. have huge
databases of crawled documents. Usually, relevant documents can be found in the returned lists in
response to user queries. Precision is relatively low. The simple and practical approach is to use the
power of popular search engines implementing intelligent Web service as a front end part and
general purpose search engines as a back end part. It aim is to filter irrelevant documents.

The query expressed in a natural language (English in our case) is submitted to the general
purpose search engine in the usual style: as a set of keywords. Software responsible for intelligent
retrieval can be installed on the client computer or on the computer of the Internet Service Provider.
Functions of this part are as follows:

o Get the ranked list of returned URLs from the search engine
o Download up to 100 documents referenced by URLs from the beginning of the list



o Index them utilizing the functional approach

o Submit the initial query as a sentence (sentences, questions in English) to the dataset
created at the previous step

o Retrieve the documents from it utilizing the functional approach

o Present the results to the end user

o Destroy the dataset of locally indexed documents

Figure 1 gives an illustration of the schema described. This solution will increase the response
time of the computer to the user query. On the other hand, the quality of the search will be
improved.
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Fig. 1 Architecture of intelligent Web search service

4. System Architecture

The architecture of the prototype is presented in Figure 2. The prototype consists of three major
parts: a) a morphological analyzer, b) a parser, and ¢) a semantic database. A role of the
morphological analyzer is to define the part of speech of each word in the sentences and some
characteristics such as the tense for verb groups, the plural or singular form for nouns. These
characteristics are the key for correct parsing utilizing the semantic database. Records of this
database include the semantic definitions of the words.

The example of a dictionary entry in Figure 2 is presented in the simplified form to illustrate how
meanings of words are determined when a sentence is parsing. From Table 1 you can see that
parsing the first and the second sentences is done in accordance for the first alternative of the
definition of the verb “steal”. The functional representation for the third sentence is done in
accordance with the second alternative of the verb definition. The key elements in this selection are
the type of words and the number of words (arguments). For the first sentence the word “from” put
the parsing to select the first alternative. The second sentence failed to be parsed successfully for all
alternatives except for the first one. For the third sentence, the presence of the adverb “up” moved
parsing to the second alternative.



Tab. 1 Parsing sentences

Sentence Part of speech tagging Functional representation
Leroy stole the money from | Leroy(NNP) steal(verb, | Steal (verb, past; Leroy(noun,
clients’ account. past) the(DT) money(NN) | sbd), money(noun, sth; the(det)),
from(IN) clients(JJ) | from, account(noun, sth;
account(NN) client(noun, plural, sb))
Leroy stole the money. Leroy(NNP) steal(verb, | Steal (verb, past; Leroy(noun,
past) the(DT) money(NN) sbd), money(noun, sth; the(det)))
Leroy stole up the hall. Leroy(NNP) steal(verb, | Steal (verb, past; Leroy(noun,
past) up(adv) the(DT) | sbd), up(adv), hall(noun, sth;
hall(NN) the(det)))
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Fig. 2 Architecture of the prototype

5. Transformation of Documents and Queries into Functional Representation

The main idea of the algorithm to convert sentences into the functional form is as follows:

o In each sentence the verb is a key. At the beginning, the algorithm is matching the verb
with one of the alternatives to assign the parameters. If it is successful doing the
selection in the way of one by one, then the superposition is created. If there is no
success, then it is wrong English sentence (our solution does not consider such sentences
and does not try to recover them). The algorithm tries to find the closest variant adding,
deleting, replacing words (preposition, fixed argument for the verb, etc)

For words he, she, they, etc. (pronouns) the following transition rules are applied: the

text is looked back until the corresponding name or noun is found. The first candidate is
the possible value for the pronoun. It is put into the set of the possible values.
o For example, the initial text is as follows “John and Mary entered the house.

John looked at the enemy. He shot him twice.”

It will be transformed according




to the rules specified to the form: “John and Mary entered the house. John
looked at the enemy. John shot the enemy rwice.”
o Documents are indexed by verbs in the hash table.

A query transformation
o A query is converted in the same way as a document (One sentence with the possible
question mark at the end).
o Synonyms of the verb and the words are applied to create a set of “semantically” related
superpositions utilizing the thesaurus and the collocation dictionary.
o The set of queries generated at the previous step is used to search. Search can be done in
parallel.

6. A Structure of the Dictionary Entry

To create the semantic dictionary, we work with electronic versions of different English
dictionaries [7 - 12]. A structure of the dictionary entry is presented below:

<word definition> :: <alternative> { <alternative>}*

<alternative> :: ( <part of speech>; <list of arguments>; <preceding word>; <following word>;
<list of synonyms>)

<list of arguments> :: [<argument>]{,<argument>}*

<argument> :: <part of speech> | <specific word>

<preceding word> :: <argument>

<following word> :: <argument>

<list of synonyms> :: <specific word>{<specific word>}*

Each <alternative> represents the separate meaning of the word. For example, according to the
Oxford Advanced Learner’s Dictionary of English [7], the word steal has four different meanings.
The entry for this word in our semantic dictionary has four alternatives. Each idiom or phrasal verb
has is mapped to the corresponding alternative. <Preceding word> and <following word>
components specify words which can precede and follow the defined in the entry word. The
<specific word> component is for the concrete value (word). Lists of synonyms are taken from [9].
They are crucial when the query is transformed to the functional representation.

7. Discussions

Our prototype is at the alpha testing stage. To simulate the work of the ISP server, we use a
powerful computer Dell Precision T7400. Its specifications are as follows: two Quad Core Intel®
Xeon® Processor E5405 (2.00GHz,2X6M L2,1333), 4GB memory, and 500GB SATA HDD. The natural
language processing software, we have applied is PetaMem Language Server[14] and the Machinese Syntax
and Machinese Phrase Tagger for English [15]. To move to experiments with real data, we need to
create the dictionary for the Oxford 3000 Wordlist [13]. For ambiguous queries our prototype will retrieve
garbage. Please have a look at the example:

Document 1: “John and Mary entered the house. John looked at the enemy. He shot him twice.”

Document 2: “Mark put down the receiver. He shot the several picture of his enemy.”

Query 1: Who fired?

Query 2: Who fired the enemy?

In response to the first query the prototype retrieves two documents. In response to the second
query only the first document will be recognized as relevant. The meanings of the word shoot such
as “fire a bullet” and “take a picture” are ambiguous from the point of view of our model. When the



system analyses only the sentence: “He shot the several picture of his enenty”, it is not clear which
action has been done.
Searching algorithms utilizing the functional approach are presented in [16].

8. Conclusion

In this paper, we propose the architecture of the retrieval system based on the functional
approach to natural languages (English). The basic mechanisms applied to the prototype are
discussed. To implement this approach, we need a new model of Web service. This model is
examined as well.

The main advantage of our solution is in the use of a natural language (English) to express user
queries. In many cases, this way of query representation is much easier for users to describe their
information needs compared to the traditional keyword style.

Our prototype acts as a filter for a general purpose search engine. It discards the large portion of
garbage before presenting results to the user.
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