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ABSTRACT 

Users of the Web usually use search engines to find answers to a variety of questions. 

Although search engines can rapidly process a large number of Web documents, in 

many cases, the answers returned by search engines are not relevant to the user’s 

information need, although they do contain the same keywords as the query. This is 

because the Web contains information sources created by numerous authors 

independently, and the authors’ vocabularies vary greatly. Furthermore, most words in 

natural languages have inherent ambiguity. This vocabulary mismatch between user 

queries and Web sources is often addressed through query expansion. 

 

Moreover, user questions are often short. The results of a search can be improved when 

the length of the question is long. Various query expansion methods that add useful 

question-related terms before processing the question have been proposed and proven to 

increase the performance of the result. Some of these query expansion methods add 

contextual information related to the user and the question.  

 

On the other hand, human communications are quite successful and seem to be very 

easy. This is mainly due to the understanding of language and the world knowledge that 

humans have. Human communication is more successful when there is an implicit 

understanding of everyday situations of others who take part in the communication. Here 

the implicit situational information, or the “context” that humans share, enables them to 

have a more meaningful interaction amongst themselves. Similar to human–human 



 xxii

communications, improving computers’ access to context can increase the richness of 

human–computer communications, giving more useful computational services to users.  

 

Based on the above factors, this research proposes a method to make use of context in 

order to understand and process user requests. Here, the term “context” means the 

meanings associated with key query terms and preferences that have to be decided in 

order to process the query.  As in a natural environment, results produced to different 

users for the same question could vary in an automated system. If the automated system 

knows users’ preferences related to the question, then it could make use of these 

preferences to process user queries, producing more relevant and useful results to the 

user. Hence, a new approach for a personalised query expansion is proposed in this 

research, where user queries are expanded with user preferences and hence the expanded 

queries that will be used for processing vary for different users. An architecture that is 

required for such a Web application to carryout a personalised query expansion with 

contextual information is also proposed in the thesis.  

 

The preferences that could be used for the query expansion are therefore user-specific. 

Users have different set of preferences depending on the tasks they want to perform. 

Similar tasks that have same types of preferences can be grouped into task based 

domains. Hence, user preferences will be the same in a domain, and will vary across 

domains. Furthermore, there can be different types of subtasks that could be performed 

within a domain. The set of preferences that could be used for each sub task could vary, 

and it will be a sub set of the set of preferences of the domain.   
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Hence, an approach for a personalised query expansion which adds user, domain and 

task-specific preferences to user queries is proposed in this research. The main stages of 

this expansion are identified and discussed in this thesis. Each of these stages requires 

different contextual information which is represented in the context model. Out of the 

main stages identified in the query expansion process, the first three stages, the domain 

identification, task identification, and missing parameter identification, are explored in 

the thesis. As the preferences used for the expansion depend on the query domain, it is 

necessary to identify the domain of the query at first instance. Hence, a domain 

identification algorithm which makes use of eight different features is proposed in the 

thesis to identify domains of given queries. This domain identification also reduces the 

ambiguity of query terms. When the query domain is identified, context/associating 

meanings of query terms are known. This limits the scope of the possible 

misinterpretations of query terms. 

 

A domain ontology, domain dictionary, and user profile are used by the domain 

identification algorithm. The domain ontology consists of objects and their categories, 

attributes of objects and their categories, relationships among objects, and instances and 

their categories in the domain. The domain dictionary consists of objects and attributes. 

This is created automatically from the domain ontology. The user profile has the long-

term preferences of the user that are domain-specific and general. 

 

When the domain of the query is known, in order to decide the preferences of the user, 

the task specified in the query has to be identified. This task identification process is 

found to be similar in domains with similar activities.  Hence, domains are grouped at 
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this stage. These domain groups and the rules that could be used to find out the tasks in 

the domain groups are identified and discussed in the thesis. For each sub tasks in the 

domain groups, the types of preferences that could be used to expand user queries are 

identified and are used to expand user queries. 

 

An experiment is designed to evaluate the performance of the proposed approach.  The 

first three stages of the query expansion, the domain identification, task identification, 

and missing parameter identification, are implemented and evaluated. Samples of five 

domains are implemented, and queries are collected in these domains from various 

users. In order to create new domains, a wizard is provided by the system. This system 

also allows editing the existing domains, domain groups, and types of preferences in sub 

tasks of the domain groups. Instances of the attributes are manually identified and added 

to the system using the interface provided by the system. In each of the stages of the 

query expansion, the results of the queries are manually identified, and are compared 

with the results produced by the system.  

 

The results have confirmed that the proposed method has a positive impact in query 

expansion. The experiments, results and evaluation of the proposed query expansion 

approach are also presented in the thesis. The proposed approach for the query 

expansion could be used by search engines, organisations with a limited set of task 

domains, and any application that can be improved by making use of personalised query 

expansion. 
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CHAPTER 1 

Introduction 

1.1 Searching the Web 

Web search engines have become essential tools for finding useful resources on the 

Internet. These engines use information-retrieval techniques to match user queries 

with the documents that are judged the most relevant to answer the users’ needs. 

Sometimes these queries are in natural language forms. More often, users give 

manually selected keywords from their natural language questions. Obviously, much 

information will be lost when a natural language question is reduced to a set of 

keywords. User studies demonstrate that searchers display very limited interaction 

with search engine interfaces. For example, the majority of queries posed to search 

engines are brief, with about 60% of queries containing only one or two keywords, 

while the average query length was 2.6 words. Moreover, searchers do not use 

advanced search facilities to generate complex queries [95].  

Search engines use a variety of techniques for improving retrieval effectiveness. For 
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example, Google uses “Page Rank” as its primary ranking metric, which uses links 

embedded in web pages to rank pages that are often referenced by other pages [23]. 

The reasoning behind this concept is that pages with authority or popularity are more 

likely to satisfy the information needs of users. There are many other alternative 

strategies that have been proposed. For example, connectivity analysis has been 

shown to be useful in identifying high-quality pages within a topic-specific graph of 

hyperlinked documents [18].  

When the search engine returns a list of websites, users manually go through the 

documents given in the list to find the answers to their questions. This search time 

would be greatly reduced if search engines could accept natural language questions 

and provide answers or summaries that answer users’ questions. Furthermore, the 

results of a search can be improved when the length of the question is greater. 

Various query expansion methods that add useful query-related terms to the query 

before processing the query have been proposed and proved to increase the 

performance of the result. Some of these query expansion methods use contextual 

information related to the user and the query, for the query expansion.  

Moreover in many cases, answers returned by search engines are not relevant to the 

users’ information needs, although they do contain the same keywords as the query. 

The Web is not a well-organised information source, as numerous authors create 

their Websites independently and the vocabularies of the authors vary greatly. On the 

other hand, the vocabulary of users of domain-specific retrieval systems often differs 

from the vocabulary within a Web document. This raises the problem of term 

mismatch in information retrieval. Furthermore, most words in natural languages 

have inherent ambiguity. This vocabulary mismatch between user queries and Web 
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documents is often addressed through query expansion.   

1.2 Question-answering Systems 

A Question-answering (QA) system responds to questions in natural language with a 

precise answer. For example, a question can be “Who invented the telephone?” and 

the answer would be “Alexander Graham Bell”. More comprehensively, 

QA is an interactive human computer process that encompasses 

understanding a user information need, typically expressed in a natural 

language query; retrieving relevant documents, data, or knowledge from 

selected sources; extracting, qualifying and prioritising available 

answers from these sources; and presenting and explaining responses in 

an effective manner [139]. 

QA is different from search engines in two respects; (i) instead of a list with 

keywords, the query is a natural language question, (ii) instead of a list of documents 

or URLs, a list of candidate answers at phrase level, sentence level, or passage level 

are returned in response to a query. 

Since the early days of artificial intelligence in the 1960s, researchers have been 

fascinated with answering natural-language questions. The difficulty of natural-

language processing (NLP), however, has limited the scope of QA to domain-

specific expert systems. However, advances in natural language processing (NLP), 

information-retrieval techniques (IR), information extraction (IE), and the computer 

industry have given QA a strong boost. This has been largely driven by the TREC 

(Text REtrieval Conference) QA Track. There are several other significant QA 
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activities, which include the ARDA Advanced QA for Intelligence (AQUAINT) 

program, ARDA Northeast Regional Research Centre summer workshops on QA 

systems and AAAI spring symposium. AnswerBus [240], Ask Jeeves [2], START 

and Omnibase [102], Falcon [77], Webclopedia [85], Mulder [86], and AskMSR [54] 

are some of the well-known research systems on QA.  

Some QA systems are for restricted or closed domains and some systems are for 

open domain or generic. Restricted-domain QA systems answer questions in specific 

domains such as e-learning [110] and clinical medicine [122]. Restricted-domain QA 

systems extract answers from a document collection restricted in subject and volume. 

Open-domain QA systems extract answers from a large collection of unrestricted 

documents, including the Web.  

1.2.1 Early QA systems 

Some restricted-domain QA systems that cater to a specific domain were developed 

in the very early stages. The best known early QA system is BASEBALL, which was 

developed in 1961. This system answered questions about baseball games played in 

the American league [72]. Although this system was relatively sophisticated in how 

it dealt with the syntax and semantics of questions, it was limited to a single domain, 

baseball. It was also intended primarily as an interface to a database and not as an 

interface to a large collection of text. In this regard, BASEBALL is a natural 

language front end for a database. LUNAR was another restricted-domain QA 

system developed in 1973. It only answered questions related to moon rocks and soil 

gathered by the Apollo 11 mission. However, similar to the BASEBALL system, 

LUNAR relied on the data which should be available in a highly structured form 
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[235]. 

As early as 1996, search engines like Alta Vista encouraged users to input questions 

in natural language. The outputs were list of websites with abstracts. Internally, the 

search engine removed stop words and ranked documents with a preference for 

leftmost query terms and term proximity [192]. This was followed by many other 

QA systems, which mainly focused on answering restricted-domain questions.  

Conventional QA systems primarily addressed single-answer questions and factoid 

questions of types who, when, where, and what. Answer Me! was perhaps the earliest 

QA system specifically designed to use the entire Web collection as its information 

source. It submitted questions to search engines like Alta Vista and InfoSeek to 

retrieve relevant documents. From the returned documents, candidate sentences were 

identified and ranked to answer queries. It performed reasonably well with questions 

of the type “When was the telephone invented?” and took in the order of minutes to 

process the document collection. iAskWeb was another QA system that was 

developed in Prolog. It used inferencing to match queries interpreted into a set of 

first-order Prolog predicates against semantic annotations called semantic headers 

[218].  

Ask Jeeves is a QA search engine that was developed to respond to natural-language 

questions. It benefited from advanced natural-language processing techniques with a 

fairly sophisticated natural-language question parser. However, its recall is limited, 

because the search engine uses a knowledge base, which was partially hand 

constructed to answer questions. This system also updates its knowledge base when 

questions that have not been encountered before, are asked. Similar to the traditional 
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search engines Ask Jeeves directs the user to the relevant web pages. Another QA 

system, Mulder, is claimed to be the first general-purpose, fully automated question-

answering system available on the Web. Its architecture was based on multiple 

search engine queries, natural language parsing, and a voting procedure to extract 

answers. However, the difficulty in NLP has limited their ability to give accurate 

answers to questions that are quite specific to a domain [111].  

1.2.2 Approaches Used in QA Systems  

From the early days of QA, varieties of fundamental approaches were used by QA 

systems. The most important fundamental approaches in QA systems used 

techniques such as IR, IE and NLP. These approaches are used in combination in the 

present QA systems, improving the results.  

• QA as Information Retrieval (IR)  

These types of systems mainly use traditional IR techniques to find the most relevant 

Web documents for a query. Various methods are used to extract relevant passages 

from the selected documents. These mainly include passage-ranking systems based 

on query terms [112]. 

• QA as Information Extraction (IE) 

These systems rely largely on traditional IE methods with template-based 

approaches. Questions and answers are associated with templates, which are part of 

the QA system. These templates are matched with the contents of searched 

documents. Then the templates are filled by extracting information from the 



7 

documents, to provide answers to questions. IE systems consist of distinct 

components including NE (Named Entity), TE (Template Element), TR (Template 

Relation), CO (Co-reference), and ST (Scenario Templates) [36, 202].  

• QA as Natural-language Processing (NLP) 

Modern QA systems have started to incorporate NLP techniques with deeper 

semantic analysis to process user questions and/or retrieved documents. This 

involves parsing questions and documents with grammars of various sophistications, 

extracting entities and relations between entities, resolving language ambiguities, and 

using various statistical measures to identify the significance of terms in the text and 

co-occurrence of terms [38, 60, 158].  

• Hybrid Approaches 

Many of the recent approaches in QA use combinations of the approaches, such as 

NLP with IR [31, 76]. For example, the QA system Falcon, acknowledges that a 

hybrid approach can produce better results than systems that rely purely on IR or IE 

approaches. Current systems use architectures that are more sophisticated as opposed 

to the pipeline architecture, with multiple information sources and more sophisticated 

knowledge sources. 

1.2.3 Main Components of a Question-answering System  

QA systems use a goal-driven approach and/or a data-driven approach. A goal-driven 

approach shapes the answer in a top-down manner typically using predicates defined 

as part of the knowledge base of the system [135, 136]. A data-driven approach uses 
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a bottom-up approach, using statistical measures to identify themes of text. 

Independent of these approaches, the three main challenges in getting a computer to 

answer natural language questions are, understanding the question, identifying where 

to find the information and fetching the information itself.  

Figure 1.1 Components of a question-answering system 

An automated QA system that is based on a document collection typically has four 

main components, as illustrated in Figure 1.1. The first component is a question 

analysis and query formulation mechanism that translates natural-language questions 

into queries for the IR engine in order to retrieve relevant documents from the 

collection. The user could be asked to clarify the question before proceeding. The 
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second component is a retrieval engine that handles retrieval requests to select 

relevant documents. In the context of the Web, this is a search engine that indexes 

Web pages. As a result of this stage, a subset of documents that are most likely to 

contain an answer to the question from the total documents collection is selected. 

The third component, passage retrieval, selects the most likely candidate passages of 

the retrieved documents. The fourth component is the answer extraction which 

analyses these passages and extracts answers from them [84, 111, 157].  

1.2.3.1 Question Analysis and Query Formulation 

This is the first task of a QA system. It accepts a natural-language question which is 

often limited to a specific human language. Some systems request further constraints 

in the input by requesting users to fill in a given template. This simplifies the 

system’s task of interpreting the question. Some other systems provide an ongoing 

dialogue with the user to acquire a question-related context. Some of the implicit 

inputs that could be used by QA systems are the system’s knowledge about similar 

queries, users and user goals. 

In most of the systems, the question analysis process tries to find named entities 

and/or the answer category of the question [204]. In an ontology-based system, 

question analysis uses information from the ontology that is related to the submitted 

question, in order to formulate the query. A formulated query is usually a keyword-

based query which boosts the retrieval precision of the document and passage 

retrieval tasks [55]. In some systems questions are pre-classified and stored as part of 

the knowledge base to identify the type of the given question [110]. The simplest 

approach identifies key question words such as where, which seeks a location, when, 
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which seeks a date or time and who, which seeks a person. Various systems use 

hierarchies of question types based on the type of answer sought and attempt to place 

the input question into the appropriate category in the hierarchy. For example, in an 

attempt of question classification, a question-type hierarchy was manually created 

with about twenty five types of queries from TREC-8 training data [149]. In another 

attempt, questions types were based on named entity classes and a shallow parser 

was used to identify the question type [202].  

In many of the systems, part of the question analysis is the identification of keywords 

to be used in matching against documents. These sets of keywords are sometimes 

expanded in systems in many ways, such as adding synonyms, morphological 

variations, and related terms of the keywords. This is called the query expansion, 

which is explained in Section 2.2. In some other systems, question analysis involves 

parsing questions with grammars of various sophistications. This analysis transforms 

questions into a semantic representations which capture dependencies between terms 

in the questions [82, 119]. For example, a parser that is used in a QA system 

determines the grammatical relationships among terms such as subjects, objects and 

main verb. These are used for answer extraction [111]. The main inputs and outputs 

in question analysis are illustrated in Figure 1.2. 
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Figure 1.2 Inputs and outputs in question analysis 
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1.2.3.2 Document Retrieval 

The second step of the QA system finds the best textual documents from the 

collection, which is the answer resource of the system. Such documents are expected 

to contain passages relevant to the question. Retrieving documents to match an 

information need has long been an active topic of IR research. In some approaches, 

the task of document retrieval is automated using search engines [55]. A number of 

techniques have been developed for searching text documents. These techniques are 

predominantly based on statistical parameters such as the number of times a 

particular word occurs throughout the collection of texts and the number of texts in 

the collection [43, 80, 177].  

To reduce the time spent on document retrieval, many systems carry out a text 

analysis and store the results well before the retrieval process. In many of these 

systems, the text analysis involves document indexing. Indexing is commonly 

undertaken by selecting keywords or significant words in a document. These 

techniques have a well-developed history and literature [57, 66, 105]. Many of the 

Web search engines have a component called an indexer, which abstracts the data 

contained within the document repository and creates an index, granting fast access 

to document contents and structure. Moreover, many current search engines rely on 

both the content and the link structure of the Web documents to evaluate the 

importance of a page and its relevance among pages. For example, Google uses 

“Page Rank” as its primary ranking metric, which exploits the Web link structure to 

evaluate the relative importance of each page [23].  

Document-clustering is another common approach that has been used in IR to 
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identify relevant documents. It has been studied for several decades and a number of 

clustering algorithms and applications have been used. In this approach, retrieved 

documents are clustered based on various criteria. The use of clustering is based 

mostly on the Cluster Hypothesis, “closely associated documents tend to be relevant 

to the same requests” [224]. Clustering of the retrieved documents is shown to be 

significantly more effective than the traditional ranked list approach [117]. 

Document summaries are also used in document retrieval. A good, general-purpose 

document summary should capture the major topics presented in a document. 

Apparently if major topics can be captured in summaries, then a search that is 

restricted to summaries should do a better job of limiting retrieval results to highly 

relevant documents about those topics [231]. Several innovative approaches on 

document summarisation have been explored. These mainly include linguistic 

approaches [11, 148], statistical and information-centric approaches [30], and 

combinations of the two [205] . 

1.2.3.3 Passage Retrieval 

When documents that are relevant to the formulated query are extracted, the next 

stage is to find the parts of the documents that could consist of answers to the user’s 

question. This is undertaken by passage retrieval, which aims to carry out document 

analysis to search for more precise and compact text excerpts in response to user 

queries. The idea of how to find the candidate and actual answers to a question is 

mostly dependent on the syntactic or semantic structure that is used by the question-

answering system.  
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Passage retrieval has long been studied in information retrieval. Passage retrieval 

greatly affects the performance of a QA system. If a passage retrieval module returns 

too many irrelevant passages, the answer extraction is likely to fail to pinpoint the 

correct answer, due to too much noise. Furthermore, users of QA systems prefer 

passages along with the answers, since passages provide sufficient context to 

understand the answer [123].  

There have been many efforts in developing different passage retrieval algorithms. 

One of the best-known passage retrieval algorithms is the MultiText algorithm, 

exploited for document-ranking and retrieval purposes. This algorithm interprets all 

documents as a series of continuous words and also interprets passages as any 

number of words starting and ending anywhere inside the documents of a collection 

[39]. Typically, documents are analysed for name entity identification, which 

recognises and classifies persons, companies and locations, etc. In many systems, 

these have been extended to include a variety of additional classes and subclasses. 

1.2.3.4 Answer Extraction 

In this stage, the formulated query and the extracted passages are matched against 

each other and a set of candidate answers is produced. These answers are usually 

ranked according to the correctness of the answer. Considerable variations between 

systems exist in terms of the constraints used for the ranking process. For example, 

in a system, once an expression of the correct answer type is found in a retrieved 

passage, an answer window around the passage is established. Quantitative features 

such as word overlap between the query and the answer window are used in a 

weighted numerical heuristic to compute the overall score for the answer window 
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[149]. In another approach, expected answer types are used to filter out the sentences 

in the retrieved passages. These sentences are then ranked based on features such as 

how many unique question keywords are found in the sentence, the order of 

keywords in the sentences compared to their order in the question, and whether the 

key verb or a variant matches [202].  

1.2.4 Categories of Question-answering Systems 

Some of the open-domain QA systems have distinct question taxonomies and answer 

only specific types of questions. The main categories of QA systems, based on the 

types of the questions they answer, include Definitional Question-answering 

Systems, Biographical Question-answering Systems, Geo-Spatial Question-

answering Systems, Temporal Question-answering Systems and Multilingual 

Question-answering Systems. These are described in the following sections.  

• Definitional Question-answering Systems 

Definitional QA systems provide definitions and descriptions of terms in a query. 

Questions answered by these systems are of the type “What is X?”. These also have 

the potential to be a valuable component to static knowledge such as encyclopaedias 

[46, 237]. This is because they create definitions dynamically and hence provide 

definitions that are emerging and new.  

• Biographical Question-answering Systems 

Biographical QA systems provide significant characteristics and events in the life 

span of a person, group, or organisation. These types of systems may mainly extract 
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tacit knowledge related to the key terms of the query to identify the characteristics 

[26]. 

• Geo-Spatial Question-answering Systems 

These systems provide answers to questions involving spatial objects (for example, 

locations, regions) and spatial relations (for example, above, below, near, far, inside, 

outside) [116]. The most common question type of this nature would begin with 

Where. For example, “Where is the Opera House?” is a question about a landmark in 

a city. Some of the recent systems use geographical ontologies to answer such 

questions [138]. 

• Temporal Question-answering Systems 

These types of QA systems interpret temporal terms in questions which could be 

absolute and relative values of times and time durations and extract answers with 

temporal aspects [185]. The most common question type of this nature would begin 

with When. For example, “When did man land on the moon?” is a temporal question 

requesting information about time. Ontology of time is also used to represent the rich 

structure of temporal domains with calendar-based and clock-based times. The 

ontology has to be able to translate between times at different granularities, carry out 

temporal arithmetic, deal with times that have fuzzy or application-dependent 

boundaries like seasons and fiscal quarters, and cope with ambiguity [134].  

• Multilingual Question-answering Systems 

These types of systems answer questions either from different languages from the 
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users, or from multilingual document sources [100]. For example, AnswerBus, which 

is an open-domain question-answering system, accepts users’ natural language 

questions in English, German, French, Spanish, Italian and Portuguese and provides 

answers in English [240]. 

• Personalised Question-answering Systems 

Personalisation systems adapt their behaviour to the goals, preferences, interests, and 

other characteristics of their users. Query personalisation improves results produced 

by systems by dynamically enhancing or expanding a query with user-related 

preferences. These preferences are captured from various sources including stored 

user profile. In a mobile environment, these preferences could also be related to the 

location of the user and the time of request. Query personalisation techniques have 

been proposed both by the IR and database communities [12, 124, 168]. In some 

approaches, systems learn users’ personal preferences based on the click history of 

the user [173] and query logs of users [232].  

1.3 Motivation 

Human communications are quite successful and seem to be very easy. This is 

mainly due to the richness of the language used, and the common understanding 

human have about how the world works [52]. In addition to the language 

understanding and the world knowledge, human communication will be more 

successful when there is an implicit understanding of everyday situations of others 

who take part in the communication. Here the implicit situational information, or the 

“context” that humans share, enables them to have a more meaningful interaction 
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amongst themselves. Moreover, when humans communicate, a query made by one 

human often does not completely describe the requirements of the human. Still, the 

other human involved in the communication can understand the messages better, if 

they share the same context and know each other’s preferences. 

Similar to human communication, improving computer’s access to context can 

increase the richness of communication in human–computer interaction, resulting 

more useful computational services to the users. User queries can be understood 

better by an automated system, if the system can understand the user context and 

query context and knows the user and user preferences. This will have a great impact 

in information retrieval systems, where the user query is more personal. When user 

requests are personal, then the responses produced by the systems for the same 

request can vary for different users. This is because the contextual information, such 

as user preferences that will be used to process personal queries, will vary for 

different users. Hence, as opposed to queries such as definitional, biographical and 

spatial queries, the results of the personal queries can be much improved if the 

receiver of the query knows the user context, and can make use of it to process the 

query. 

1.4 Scope of the Research 

Web applications are mainly of two types, informational and transactional. The 

informational systems use various data sources in order to process a response to the 

user request. Transactional systems use data sources to read information that is 

necessary to process user requests and will also write back to these data sources. The 

informational and transactional systems are explained in Section 3.1. Informational 
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systems are question-answering systems that are explained in Section 1.2. Web 

applications can be open-domain or restricted-domain. Some of the open-domain 

questions answering systems answer specific types of questions, as explained in 

Section 1.2.4. In the system considered in this research, queries are personalised 

through query expansion so that, responses produced by the system for the same 

request could vary for different users.  

 

Figure 1.3 Some of the available methodologies and the research scope depicted in 

bold lines 
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As explained in Section 1.2.3.1, one of the main components of a question-answering 

system is question analysis and query formulation. Some systems add query-related 

information to the query during query formulation. This is referred to as query 

expansion. The query expansion adds terms that are related to a query, using many 

methods, as explained in Section 2.1. Some query expansion systems use contextual 

information to expand queries. This research is related to these factors; 

understanding user requests better by identifying the query domain and hence the 

intended meanings of terms in the query, and expanding user query using contextual 

information that are domain, user, and task-specific. This is illustrated in Figure 1.3. 

The bold lines in the figure depict the research scope. 

1.5 Thesis Outline 

This thesis is organised as follows. Following an overview of question-answering 

systems and the usage of contexts in information retrieval in this chapter, Chapter 2 

reviews the approaches used in query expansion, the need for context usage in query 

expansion, and the types of contexts that could be used for the query expansion in 

order to improve the results produced for the user.  

Chapter 3 presents an architecture that is proposed for a Web application that 

expands the query with contextual information to improve the results produced by 

the application. This architecture is validated using a scenario. Furthermore, the main 

steps that are necessary to carry out the query expansion and the respective 

contextual information that is used in each of these stages are also explained in this 

chapter. 
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As explained in these stages, it is necessary to identify the domain of the user query, 

as most of the user preferences are domain-specific, and contexts (meaning) of the 

query terms are domain-dependent. Chapter 4 includes different definitions provided 

in the literature about domains and domain models and domain-modelling methods 

used in some of the approaches in the past. This chapter also describes the methods 

that are being used for the classification of domains by other researchers, the 

classification method used in the proposed approach and the domain ontology that is 

used in the research.  

Chapter 5 introduces various approaches that have been used to identify domains of 

texts, and the approach used in this research. This chapter also describes how the 

domain knowledge described in Chapter 4 is used to identify the domain of the 

query. The weighting algorithm proposed to identify the domain, which considers 

eight different features to score domain weights, is also explained in this chapter.  

Once the application domain of the query is identified, the query can be expanded 

with essential and useful information required to process the query. As this 

information is found to be similar in domains with similar activities, domains are 

grouped at this stage and these groups are explained in Chapter 6. The information 

required for the query expansion is also dependent on the task types intended in the 

query. Also explained in Chapter 6 are the rules for the identification of task types, 

information required for this task identification, and the essential and useful 

information required for the query expansion for each of the task types in each of the 

domain groups. 

Out of the main stages of the query expansion process, the first three stages – the 
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domain identification, task identification, and missing parameter identification – are 

implemented and evaluated. Empirical values are used for the implementation of the 

first two weighting methods and for term categories of domains. Queries are 

collected from various users and the results of the queries are manually identified for 

each of the stages, and compared with the results produced by the system. The 

empirical values used for the implementation, results produced by the system, and 

the evaluations of the system are discussed in Chapter 7. The queries and the 

expanded queries are given to the Google search engine and the results are compared 

to evaluate the expansion process. These results are also discussed in this chapter. 

Finally, Chapter 8 summarises the research, reviews the major contributions of this 

work, and describes some of the areas that merit future research. 
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CHAPTER 2 

Background and Related Work 

Users of the Web usually use search engines to find answers to a variety of 

questions. After the search engine returns a list of websites, users manually go 

through the documents given in the list to find the answers to their questions. 

Furthermore, user questions are often short. Results of a search can be improved 

when the question length is long. Various query expansion methods that add useful 

question-related terms to the question before processing the question have been 

proposed and proved to increase the performance of the result. Some of these query 

expansion methods add contextual information related to the user and the question. 

Moreover in many cases, the answers returned by search engines are not relevant to 

the user’s information need, although they do contain the same keywords as the 

query. This is because, the Web contains information sources that are created 

independently by numerous authors, and the vocabularies of the authors vary greatly. 

This raises the problem of term mismatch in information retrieval. Furthermore, most 

words in natural language have inherent ambiguity. This vocabulary mismatch 

between user queries and indexed documents is often addressed through query 
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expansion. This chapter describes various query expansion methods that have been 

used by researchers, the need for context usage in query expansion, and the types of 

contexts that could be used for query expansion.  

2.1 Query Expansion 

Information retrieval systems are limited by many factors reflecting the difficulty to 

satisfy user requirements expressed by short queries. Moreover, the user may express 

the conceptual content of the required information with query terms that do not 

match the terms appearing in the relevant documents. This vocabulary problem is 

more severe when the user queries are short or when the data sources to be searched 

are large, as in the case of Web-based retrieval. A well-known approach to alleviate 

the vocabulary problem is the query expansion.  

Query expansion (QE) techniques aim to improve the user’s search by adding new 

query terms to an existing query, improving retrieval performance [104, 180]. The 

underlying assumption behind query expansion is that more terms are better, that is, 

query length is associated positively with retrieval performance. Query expansion 

techniques can assist users by increasing the length of their queries through 

automatic and interactive techniques. In an automatic query expansion (AQE), the 

system selects appropriate terms and automatically adds these terms to users’ 

queries. In most cases, terms that the system suggests come from documents that the 

system believes have a high probability of being relevant [20]. In interactive query 

expansion (IQE) the automatically derived terms are instead offered as suggestions to 

the searcher, who decides which to add. 
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In AQE, the system has access to more statistical information and can make a better 

selection of which terms to add to the user’s query. Conversely, IQE gives the user 

control over the terms added to the query. In some cases, the system suggests sources 

to be used to automatically generate this set of terms. The user can mark documents 

that are relevant, and the system can then suggest potential query terms from these 

documents. In a variation of this technique, the system automatically suggests terms 

that it believes are potentially useful for query expansion. While users have the final 

decision with regard to which terms are added to the query, the control that users 

exert over the process is less than that described in the first interactive technique, 

since they do not select the source from which terms are taken. The main approaches 

used in QE are illustrated in Figure 2.1 and are explained in the following sections. 

Query Expansion

Relevance 

Feedback

Grammatically Related 

Terms

Ontologies &

Thesauruses

Contextual 

Information

Query-logs

 

Figure 2.1 Main approaches used in query expansion 

2.1.1 Query Expansion Using Relevance Feedback 

In this method, the original query is used for a preliminary search to identify a small 

set of highly ranked documents, which are likely to contain other terms that are 

common in the same context as the original query terms [233]. These documents, 

whose relevance is assumed, are then used to construct an expanded query. This 

expanded query is then used to retrieve the set of documents that are used for the 
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answer extraction. In some systems, this approach gives searchers the option of 

interactively choosing or ranking additional search terms [118]. In some other 

systems this is undertaken automatically by the QE process, which is sometimes 

called the pseudo-relevance feedback. In some attempts, statistically based term 

weighting is used by systems to identify terms for QE. There are also several other 

heuristic approaches which are used to identify query related terms. For example in a 

QE system, key phrases are selected from retrieved documents and similarities 

between the query concept and the key phrases are analysed [198]. The pseudo-

relevance feedback is the most popular strategy employed for query expansion. 

Relevance feedback has been used and extended widely in order to improve upon 

search effectiveness. However, relevance feedback may produce poor query 

expansion terms for a number of reasons. The sample of relevant documents may be 

very small, terms may be extracted from non-relevant sections of documents, and 

some relevant terms may also attract non-relevant topics that are already over-

emphasised. The key factors affecting relevance feedback query expansion the most 

are the document-ranking functions used, the document collection and queries, and 

the number of terms that are used [198]. 

Pseudo-relevance feedback methods improve the retrieval performance on average, 

but the results are not as good as relevance feedback. To overcome the problems in 

pseudo-relevance feedback, systems have adapted several other methods to identify 

QE terms from documents. Some systems use term co-occurrences measure to decide 

the importance of words in QE [147]. Some other systems use selected passages 

from documents for query expansion, which was found to be an effective method in 

reducing the number of inappropriate feedback terms taken from non-relevant 
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documents [143, 225]. Moreover, document summarisation is also used in QE. In 

this approach, only the terms present in the summarised documents are considered 

for query expansion [113, 198].  

2.1.2 Query Expansion Using Grammatically Related 

Terms  

In this approach, terms that are grammatically related to selected query terms are 

used for QE. These terms mainly include synonyms and stems (root forms) of terms 

selected from the query. Many of the systems select synonyms with the aid of 

thesauruses such as Wordnet [7]. Stems of words are identified mainly using 

stemming algorithms. Stemming algorithms such as those devised by Porter [169] 

and Lovins [127] have been shown to offer small overall improvements in most 

situations. However, a substantial variation across queries was identified, some being 

improved greatly, others being degraded [78, 88]. 

2.1.3 Query Expansion Using Ontologies and Thesauruses 

In some systems, QE is carried out by selecting terms that are related to selected 

query terms from ontologies and thesauruses. Ontologies and thesauruses can either 

be derived from the document collection at hand or from other sources. Some 

systems use online ontologies such as WordNet and MeSH to find out relevant terms 

to the query [198, 226]. In some systems, manually constructed thesauruses are used 

in limited domains such as economics and environment [109]. Thesauruses are also 

created automatically before hand, using a related corpus. Traditional automatic 
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thesaurus construction techniques grouped words together based on their occurrence 

patterns at a document level [44], that is, words which often occur together in 

documents are assumed to be similar. 

Although relevancy feedback appends specialised terms to expand a query with a 

better match with relevant documents, the expansion is not domain-specific. 

Domain-specific thesauruses and ontologies are found to be mostly useful when the 

queries and/or the QE is/are domain-specific. 

2.1.4 Query Expansion Using Contextual Information 

In this method, contextual information, such as the user’s implicit and explicit data, 

is used for the QE. This is quite useful in improving the performance of personalised 

or contextual search. In many of these systems, user interests are either accepted or 

learnt from user behaviour, and stored as part of user profiles. Some systems capture 

user interest using users’ search history [211]. Relevance feedback is also used by 

some systems to suggest contextually related terms identified and extracted by the 

systems and allow the user to select the suitable terms for expansion. This is often 

referred to as contextual relevance feedback [79, 120]. In some approaches, the 

contextual information used for query expansion is domain-specific. Then the 

expansion terms are taken from domain ontologies and thesauruses [125], as 

explained in the previous section. This is shown in Figure 2.2. 
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Figure 2.2 Some of the methods used in query expansion with 

contextual information 

For example, in an approach to expand queries with user context, users’ implicit data 

are gathered from their Internet search histories on their local machines. The users’ 

explicit data are captured from a lexical database, a shared contextual knowledge 

base and domain-specific concepts using data-mining techniques and a relevance 

feedback approach. The contextual knowledge base is built by consolidating various 

users’ contextual profiles. It also employs a data-mining technique to learn each 

user’s specific information needs and employs a relevance feedback approach to 

support the iterative development of a search query by suggesting alternative terms 

for query formulation [120]. 

Another system uses a client-side Web search agent to provide a personalised search 

that can perform query expansion based on previous queries and immediate result re-

ranking based on click through information [191]. A system named WAWA 

constructs a Web agent by accepting the user preferences in the form of instructions. 

These instructions are provided by the user and are compiled into neural networks 
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that are responsible for the adaptive capabilities of an intelligent agent [174]. A 

system named WAIR ((Web-Agents for Information Retrieval) proposes a method 

for an information filtering agent that learns user preferences implicitly from direct 

observations of users’ browsing behaviours during interaction with the system. This 

information is used to modify the profiles using reinforcement learning. 

Reinforcement learning is a goal-directed learning method based on interactions with 

the environment [189].  

2.1.5 Query Expansion Using Query-logs 

Many search engines have accumulated a large amount of query logs. These logs 

typically contain search queries submitted by users, and the URL of Web pages, 

which are selected by users from the search result page. Although these clicks don’t 

reflect the exact relevancy between the query and the Web pages, they provide 

valuable indications to understand the kinds of documents the users intend to 

retrieve. If a user clicks on a Web page, it is likely that the Web page is relevant to 

the query at least to some extent. The central idea in this method is that if a set of 

documents is often selected for the same queries, then the terms in these documents 

are strongly related to the terms of the queries. Thus, some probabilistic correlations 

between query terms and document terms can be established based on the query-logs. 

These probabilistic correlations can be used for selecting expansion terms from 

documents for new queries [47, 238]. 
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2.2 Context and Context Modelling  

During the past two decades, researchers have developed techniques that enable 

systems to adapt to their users in many different ways. One of the major research 

directions for human–computer interaction (HCI) and Information Retrieval (IR) has 

been exploring the novel forms of interaction that can be achieved by integrating 

computer technology with the everyday physical world in which we live and work. 

This research into user-adaptive systems has been associated with a number of 

different names, including user modelling, ubiquitous computing, context-aware 

computing, adaptive systems, adaptive user interfaces, ambient computing, pervasive 

computing, personalisation, and many more [19, 25, 107, 191]. The basic idea behind 

these is about tailoring products and services to better fit the user by identifying the 

contextual information related to a user’s task. This section discusses the notion of 

context, different types of contexts, and how they were modelled and used by 

different researchers. 

2.2.1 Need for Context 

Human communications are quite successful and seem to be very easy. This is 

mainly due to the richness of the language used, and the common understanding 

humans have about how the world works [52]. Human communication is more 

successful when there is an implicit understanding of the everyday situations of 

others who take part in the communication. Together, all these increase the 

conversational bandwidth. Here the implicit situational information, or the “context” 

that humans share, enables them to have a more meaningful interaction amongst 

themselves.  
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For example, in a conversation between two friends, the question “How was the 

game?” might not require any further elaboration. This question is incomplete, as it 

does not explicitly describe the game. Still, the respondent can understand the 

question. This is possible if the humans involved in the communication share a lot of 

common knowledge, and know the everyday situations of each other’s lives. 

Moreover, the type of the answer expected is not mentioned in the question. 

However, it is understood that the answer is not only about who won the game, but 

also should include descriptions of the game, such as the scores. 

For an automated system to have the ability of bringing this contextual information 

in the interaction between the human and the computer is challenging. By improving 

the computer’s access to the context, the richness of communication in human–

computer interaction can be increased, giving more useful computational services. 

The use of context is increasingly important in the fields of handheld and ubiquitous 

computing where the user’s context changes rapidly. Users are increasingly mobile 

and require ambient computing with context-aware applications.  

Furthermore, personalised information services help to improve the conversational 

bandwidth in a human–computer interaction. Contextual information is used in such 

personalised systems to help the users in their tasks and needs. Moreover, 

recognising the end user’s need and expectations is an increasingly important factor 

in creating successful software products. Therefore, many products consider user-

centred approaches to design products. They tend to personalise the product by 

tailoring products and services to better fit the user. 

Uses of context vary. Broadly, context is used in two ways in ubiquitous computing 
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systems. In the first category, context is encoded for later use as a retrieval cue. A 

second approach is to use context dynamically to tailor the behaviour of the system 

[53]. Examples of the first approach include [45], [106] and [210]. Examples of 

systems of the second category include [28] and [40]. Some systems such as [15], 

[25], [164], and [196] combine both the approaches.  

2.2.2 Definitions of Context 

Context has been defined and used in many ways in the past by researchers. 

Basically, these definitions see context from two different viewpoints. This section 

analyses these definitions and provides a definition for context that is used in this 

research. 

• Definitions by Dictionaries and Encyclopaedias 

According to the Oxford Dictionary [5], context is: (i) “The parts of something 

written or spoken that immediately precede and follow a word or passage and clarify 

its meaning”; (ii) “The circumstances that form a setting for an event, statement, or 

idea, and in terms of which it can be fully understood and assessed”. Context without 

the surrounding words or circumstances is not fully understandable. 

The Merriam-Webster Dictionary [4] defines context as “The interrelated conditions 

in which something exists or occurs”. The two meanings given for context in the 

American Heritage Dictionary are, (i) “The part of a text or statement that surrounds 

a particular word or passage and determines its meaning”; (ii) “The circumstances 

in which an event occurs; a setting”. This is similar to the meanings given by 
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Wordnet, which is an online lexical reference system [7]. Wordnet defines the 

context as (i) “Discourse that surrounds a language unit and helps to determine its 

interpretation”; (ii) “The set of facts or circumstances that surround a situation or 

event”. 

 According to the electronic encyclopaedia Wikipedia [6], “context includes the 

circumstances and conditions which surround an event”. It also provides various 

meanings used in different academic disciplines including the following: (i) In 

communications and linguistics, “context is the meaning of a message (such as a 

sentence), its relationship to other parts of the message (such as a book), the 

environment in which the communication occurred, and any perceptions which may 

be associated with the communication” ; (ii) In computer science, “context is the 

circumstances under which a device is being used, e.g. the current occupation of the 

user”.  

• Definitions in Scientific Literature 

It is a challenging task to define the word “context”, and what a context comprises is 

a widely debated and controversial issue. Winograd [234] pointed out that the word 

context has been adapted from linguistics by composing “con” (with) and “text”. 

Hence, “context refers to the meaning that must be inferred from the adjacent text”. 

Many researchers tried to find their own definitions for what context actually 

includes. For instance, Schilit and Theimer [186] define context as “location and the 

identity of nearby people and objects”. Ryan et al. [181] define context as “location, 

identity, environment, and time”. In one of the more extensive investigations of 

context-based computing by Dey [52], context is defined as, “Any information that 

can be used to characterize the situation of an entity. An entity should be treated as 
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anything relevant to the interaction between a user and an application, such as a 

person, a place or an object, including the user and the application themselves”. 

Moreover, there are many other related definitions used by researches in the past 

decade including the following.  

• “The set of conditions that must be tested and probably fulfilled by the service to 

activate user preferences. Thus, the context represents the surrounding information 

that must be checked to determine the need for setting up some concrete preferences” 

[221].  

• “The set of environmental states that either determines an application’s behaviour or 

in which application events occur” [10] . 

• “Context is typically the location, identity and state of people, groups and 

computational and physical objects” [175]. 

• “Context is a piece of text (e.g., a few words, a sentence, a paragraph, an article) 

that has been authored by someone” [108]. 

• The definition given by Dey [52] was used in [45], where context is used in the same 

sense, and the situation refers to the current state of the environment. Hence, 

“Context specifies the elements that must be observed to model situations” [45].  

2.2.3 Working Definition of Context 

Based on the definitions used by researchers and dictionaries, context can be defined 

in two ways. In the first, context can be defined in terms of the environment or 

situation as the set of facts or circumstances that surround a situation or event. These 
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must be tested to activate suitable user preferences. Thus, the context represents the 

surrounding information that must be checked to determine the need for setting up 

some concrete preferences. This situational information can be used to obtain the 

intended meaning of items describing the situation or event. The second way of 

defining the context is based on linguistics. Context is the discourse that surrounds a 

language unit and helps to determine its interpretation. Here, context is used as the 

“type” or “kind” of the unit.  

2.2.4 Taxonomies of Context 

Context is classified in many, but related ways that are usually specific to the 

application under consideration. A review of mobile applications used in museum 

environments focused on the notion of context and its constituent dimensions. These 

dimensions are system, infrastructure, domain, and physical context which 

complement and interact with each other. Here, system context refers to all the 

interconnected devices and their applications, which compose the system as whole. 

Infrastructure context describes the way the devices and their integrated applications 

are connected. Domain context is related to the adaptability that every system must 

provide to the specific characteristics of different users, with the nature of the 

interaction with mobile devices. Physical context is related to the nature of the device 

and the system, and its relation with the natural environment. It describes the ability 

that a device must have, to know its exact position in space, to move around the 

space, to identify natural conditions such as noise and to communicate with other 

entities. It was argued that this view of context can be a useful framework for many 

areas of mobile applications [175]. 
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An early work on contexts claims that the important aspects of context consist of 

where you are, who you are with, and what resources are nearby. Here, context is 

divided into three categories: the computing context, user context and physical 

context. The computing context includes network connectivity, communication costs, 

bandwidth, nearby resources such as printers and displays. User context is about the 

user’s profile, preferences, location and social situation. The physical context 

includes lightning, noise levels, traffic conditions and temperature [186]. 

The above classification of context was extended in a work on a context prediction 

algorithm for ubiquitous environments. It was explained that, since mobile 

applications are required to operate in dynamic environments, the availability of 

resources and services might vary significantly during a session. Hence, mobile 

applications need to be capable of adapting to changes to ensure the best possible 

level of services to the user. In order to support this, a fourth category of context is 

defined as derivable context. This includes every physical (time) or conceptual 

(activity) parameter whose value may be independent of any other context 

categories. Another context introduced is the predictive context as a special kind of 

derivable context, which specifies the predicted values of every kind of context [10].  

In a research on agent systems, the context of an agent is classified as environmental 

context, interactional context and social context. An agent’s environment is the 

system inside which it exists, and with which it interacts using its sensors and 

effectors. The interactional context consists of the perceptive context, the set of 

entities the agent can currently sense with its sensors, and the effective context, the 

set of entities it can directly affect with its effectors. Social context is based on 

membership in communities and describes an agent’s relationships to other agents. 
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The most basic relationship is represented by membership in the same community 

[106].  

In [171], the dimensions of context are classified as external and internal. The 

external dimension means context that can be measured by hardware sensors, such as 

location, light, sound, movement, touch, temperature, and air pressure. The internal 

dimension is mostly specified by the user or captured by monitoring the user’s 

interaction such as the user’s goals, tasks, work context and business processes, and 

the user’s emotional state. 

Furthermore, context is enumerated as the user’s emotional state, focus of attention, 

location and orientation, date and time, and objects and people in the user’s 

environment [51]. In an approach to model human–computer interaction, the 

proposed context included the aspects such as, place of use (in an office, at home), 

device used (a workstation, a hand-held device), available infrastructure (networks, 

GPS, infrared sensors), social aspects (whether the user is alone, or if not, who the 

others present are, whether this brings pressure), and personal traits (attitudes, 

preferences, interests) [167]. In an attempt to model context and user, information 

such as the location of the user, the user’s current state (cognitive and/or 

psychological), and the user’s behaviour with the system are considered [94].  

Another related study believes that the knowledge gained from the socio-cultural 

context has significance in human-centred design. The socio-cultural context covers 

the everyday life of the users and products that are used by users. Products have 

position in both the social interaction of humans and as cultural objects that carry 

meanings [14]. Activity is used as context in [28], where an activity is considered as 

the fundamental unit of analysis to understand the interactive relationships among 
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human minds, artifacts and the environment. Activity includes external resources 

(people, artifacts, settings) and internal mental processes (goals and beliefs).  

Based on the classifications described above, in general, context can be classified as 

illustrated in Figure 2.3. These classifications are explained in the following sections. 

Context

Environmental Personal Domain Task Spatia l Temporal Infrastructure -

communicative

Environmental Personal Domain Task Spatia l Temporal Infrastructure -

communicative
 

Figure 2.3 Classification of context 

• Environmental Context 

This part of the context captures the entities that surround the user. These entities can 

be things, services, temperature, light, humidity, noise levels, traffic conditions, and 

persons. These entities might change, depending on the user’s place. The system 

might interact with its environment, using its sensors and effectors to capture this 

environmental information. For example, a sensor might identify that the user is in a 

meeting with colleagues. This context is also referred to as physical context by some 

researchers.  

• Personal Context  

This consists of the user context, such as the user’s profile and preferences. Some of 

these are general or domain-independent to a user. Examples include the user’s 

personal characteristics such as profession, age and gender. Some other user 

preferences are specific to the domain or application in consideration. These could be 
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the user’s level of knowledge of particular topics, and the user’s level of interest in 

particular topics. The general preferences are related to the physiological context, 

mental context, social context, and cultural context of the user. The physiological 

context can contain information like pulse, blood pressure, weight, glucose level, 

retinal pattern, and hair colour. The mental context can contain information like 

mood, expertise, angriness, stress, etc. The social context describes the social aspects 

of the current user context. As humans are inherently social beings, our actions are 

always linked to other people directly or indirectly. Social context considers not only 

one person’s doings, but also the doings of other relevant people. It can contain 

information about the user’s relationships, such as friends, neutrals, enemies, 

neighbours, co-workers, and relatives. One important aspect in a social context is the 

role that the user plays in the context. The cultural context maintains the cultural 

background of the user, which is also important in deciding user preferences. 

• Domain Context 

Domain context keeps the knowledge that is necessary to adapt the system to 

different application domains and/or to different users. In domain-specific 

approaches, the domain context keeps the knowledge about the domain. In some 

systems that use these approaches, a domain context includes an organised form of 

systems and sub-systems in the domain. Many of the systems that are domain-

specific represent domain context in an object-oriented way with concepts such as 

objects/entities, their attributes, methods, and associations. 

• Task Context 

This context describes what the persons are doing in a specific context. The task 
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context can be described with explicit goals, tasks, actions, activities, or events. The 

task context could be specific to the domain in which those tasks are performed. It 

can be decomposed into sub-tasks. The roles in which tasks are performed, the 

workflows, and relationships amongst the roles and tasks also can be represented as 

part of the task context.  

• Spatial Context 

This context type describes aspects relating to the spatial extent of the user context. It 

can contain attributes like location, direction and speed. One of the most common 

contexts used is the location of the user. Location-awareness is the most important 

part of context-awareness for mobile computing systems. The spatial region of 

interest defines the physical boundaries and may be of any shape. Spatial context is 

represented as regions, spatial relationships and geometric coordinates. In a regional 

representation, a boundary is specified as regions, such as Australia, Sydney or 

Parramatta. These representations can be hierarchically organised. Spatial 

relationships can be direction relationships (above, below, or north_of, 

southwest_of), topological relationships (near, far, around, within, adjacent, inside), 

and metric relationships (distance). The geometric coordinates specify points or areas 

in a metric space that represent the latitude, longitude and elevation above sea level. 

A user’s location can be sensed using Active Badges, radar, video cameras or GPS 

(Global Positioning System) units. GPS sensors have become available in very small 

package sizes, enabling their integration in mobile devices. Indoor positioning 

systems are typically based on small radio or infrared cells, or on sensor arrays in the 

environment for higher accuracy.  
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• Temporal Context 

This context type describes aspects relating to time. Time is a fundamental variable, 

since the context is unstable and changing with time. A temporal context can be 

represented as time instants or absolute time references, time intervals, periodic 

descriptors, and temporal relationship. A time instant or absolute time reference is an 

instant of time that is an absolute moment of time. It can be different in time units 

such as 9.00 a.m. and 11/10/2005. A time interval is based on calendar units such as 

year, today, morning. It is the time interval between two absolute time references. 

Some of these are cyclic calendar units that cycle within another calendar. Examples 

include time-of-day (morning, afternoon, evening), day-of-week (Monday, Tuesday, 

Sunday), month (Jan, Feb, Dec), quarter (Q1, Q2, Q3, Q4), and season (winter, 

summer, spring). These can be organised in a hierarchy such as day -> week -> 

month -> season -> year. Periodic Descriptors are used to represent expressions such 

as “each month in 2004”, or “each of the past three years”. Temporal relationships 

can be represented, including the terms before, after and during. 

• Infrastructure-communicative Context 

This includes information about all the interconnected devices, their applications, 

surrounding networks and resources in use. The infrastructure describes the way in 

which the devices and their integrated applications are connected. The 

communicative context includes network connectivity, communication costs, and 

bandwidth. 
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2.2.5 Context-aware Systems 

A system is context aware if it uses contextual information to provide relevant 

information and/or services to the user. Context awareness allows an entity to adapt 

to its environment. Context awareness has become very important especially in 

mobile computing, and context-aware applications have mostly focused on location 

awareness. Context-aware mobile systems encompass the ability to automatically 

discover and react to changes in an environment. Context-aware systems respond to 

changes in their environment by actively constructing and updating the ongoing 

activity by sensing, communicating, and interpreting changing conditions, resources 

and processes. Typically, these responses are designed to improve a system’s 

performance or to make its behaviour more relevant to the situation in which it is 

being used. For example, in [186], context-aware computing is discussed as software 

that adapts according to its location of use, the collection of nearby people and 

objects, as well as changes to those objects over time.  

Context-aware systems have been developed in various domains, using several 

approaches. A system named “Active Badge Location System” is considered to be 

one of the first context-aware applications. This system was based on infrared 

technology to determine a user’s current location, which was used to forward phone 

calls to a telephone close to the user [230]. In the middle of the 1990s, a couple of 

location-aware tour guides emerged, which provided information according to the 

user’s current location [8, 50].  

In real time, context can be captured passively or actively. In a passive approach 

context is captured using sensors without bothering the user. In the active approach, 
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context is captured by asking for information from the user. According to Dey [52], 

there are three categories of features that a context-aware application can support: (i) 

Presentation of information and services to a user, (ii) Automatic execution of a 

service for a user, and (iii) Tagging of context to information to support later 

retrieval.  

A survey on the context-based design of mobile applications for museums points out 

that PDAs are used as basic mobile interaction devices for systems in museum 

environment. As each visitor in a museum has different expectations and is interested 

in different aspects of the exhibits, a domain context concerning alternative ways 

according to which the system allows users to interact with the system in the best 

way is used. These systems require the user to answer some specific questions in 

order to build a model of the user. Based on this, the presentation of the information 

in the user’s PDA will use the user’s language, expertise level and physical needs, 

such as bigger fonts for those with sight impediments [175]. Often systems limit their 

adaptation at this level.  

This, however, can be extended to other more domain-related characteristics. For 

example, a system named ImogI rearranges the order of the icons, by putting in front 

the ones that the visitor chooses most [132]. In another system named PEACH, the 

user can select a personal virtual guide depending on her or his needs. There is one 

guide that gives historical information and another that gives details about the 

techniques used to create the exhibit. This system uses physical context such as the 

distance between the user and the exhibit. It estimates the distance, and provides 

different messages to the user, depending on the distance. If the user is far away, a 

message like “You are approaching ... ” is given to the user, and if the user is near, 
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another message like “You are in front of ... ” is presented [175].  

A number of smart-home projects are being developed with sensors for context-

aware home automation. Applications of smart-home technologies and context 

awareness include supporting people with health problems, such as elderly people 

living alone at home or general lifestyle improvements, such as a smart fridge that 

monitors its contents and warns the user about products that are expiring or reaching 

their “use-by” date. Because any specific context can often be provided by a variety 

of different types of sensors and used by different applications, a number of 

middleware projects have emerged in which the middleware layer provides context 

information to applications. For example, in smart homes, location can be obtained 

using a variety of different alternative sensor types, including ultrasonic badges, 

video cameras and pressure sensors in the floor. Context providers are software or 

hardware components that aggregate and interpret the sensor data to produce 

contexts such as location, identity, type of activity, and health condition of a person. 

To allow context services to find relevant context-providers, a directory service is 

used [87].  

In an application where context is used to navigate through a photo collection, two 

navigation schemes are proposed. They are physical navigation, which permits the 

user to access photos that were taken near her/him, and virtual navigation permits the 

user to virtually explore the surroundings by jumping from one photo to another. For 

example, the photos that were taken near her/him during a precise period, like the 

Second World War, can represent the user’s context. This application defines context 

as the set of documents that are close to the user according to one or several 

dimensions such as the physical dimension, the temporal dimension or the textual 
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dimension. To determine the documents that are close to the user, the application 

locates the user according to each dimension of context. For example, to consider the 

physical dimension, the documents must be tagged with a geographical location. To 

determine whether a document is close to the user, the current physical location of 

the user is compared with physical location of the document. According to the 

temporal dimension, the document must also be tagged with a time-stamp. The 

temporal location of the user can be the current time. According to the textual 

dimension, the user’s location can be a set of keywords stored in her/his profile. 

Then the textual distance between the user and a document is calculated to decide the 

user context [164].  

In an approach to support the modelling of context-sensitive interactive applications, 

a context model with the concepts that can influence the interaction of the user with 

the application directly or indirectly is represented using class diagrams. It proposes 

an application model with the concepts and the relations between them that are used 

within the application, especially those concepts with which the user interface 

interacts. The task model that is mostly used during the analysis stage provides a 

hierarchical view to the activities that need to be accomplished using the modelled 

user interface. Tasks are split into sub-tasks and sibling tasks are connected using 

temporal operators. The dialogue model provides another view on the tasks that can 

be performed through the modelled user interface. The tasks that are active at the 

same moment in time are grouped. The possible sequences of tasks are the main 

focus of the dialogue model. The presentation model shows the composition of 

interactors in the user interface, and describes the general properties of the interactors 

such as the data with which they interact [17].  
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2.3 Overview of Related Work 

This chapter explains various query expansion methods that have been used by 

researchers. As this research focuses on query expansion with contextual 

information, different interpretations, notions and taxonomies of context that have 

been used to deliver information to the user have also been analysed and discussed in 

this chapter. Based on these analyses, the working definition of context and 

taxonomy of context have been identified and explained. Some of the developed 

applications that make use of contextual information have also been briefly explained 

in the chapter. 
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CHAPTER 3 

The Proposed Query Expansion Process  

Web applications can be mainly of two types, informational and transactional. The 

informational systems are question-answering systems and are explained in Section 

1.2. Web applications can be open-domain or restricted-domain. Some of the open-

domain question-answering systems answer only specific types of questions, such as 

definitional and spatial questions. The types of user requests considered in this 

research are personal queries in which results produced for the same query will vary 

for different users. Some systems add query-related information to enhance the query 

during query formulation. This is referred to as query expansion and is explained in 

Section 2.1. As the query expansion is personalised in this research, contextual 

information that is user, task, and domain-specific is used for the query expansion to 

improve the search results. This chapter describes an architecture that is proposed for 

such a Web application to expand user query with contextual information. This 

architecture is validated using a scenario. The main steps that are necessary to carry 

out the query expansion, and the contextual information that will be used in each of 

these stages, are also explained in this chapter. 
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3.1 Requirements of a Personalised Web Application 

Chapter 1 describes different question-answering systems and Chapter 2 presents the 

query expansion methods used in some of these systems. When the query expansion 

is personalised, responses produced by the system for the same request will vary for 

different users. This is because, when the query expansion makes use of the 

contextual information such as user preferences to expand personal queries, the 

expanded query will be different for different users. A Web application with the 

following features is considered in this research. 

• It is domain-independent. 

• It provides personalised responses to queries based on  

- user preferences that are generic and domain-specific, 

- other contextual information such as location of the user and time of 

user query,  

- meanings of important terms in the query, and 

- task specified in the query. 

• It makes use of the Web as its information source to process the expanded 

query. 

An intelligent, personalised Web application should accept user requests in natural 

language and should provide a single solution in response. In order to find the 

solution, the application could use various data sources, mainly the Web documents. 

The requests given by the users can mainly be of two types. In the first type, a 

request is a question and the response will be answers to the question. In this case the 

application will act as a question-answering system. In the second type, a request to 
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the application is to carry out a task such as making an appointment with a doctor. 

Here the response could be a single solution such as the selected time for the 

appointment, or it could be a suggestion with a list of available times.  

For example, consider two queries in the domain Booking Doctor’s Appointment, (i) 

Who are the doctors available today at the Campbellstreet Medical Centre and (ii) 

Get me an appointment time with Dr Michael for this week. Here the first request 

needs to read the data sources of the provider (Campbellstreet Medical Centre) of the 

service (appointment) to find an answer for the request. The second query needs to 

read the user’s diary to find out the convenient times for the user, and should read the 

data sources of the provider (Dr Michael) of the service (appointment) to find out the 

availability of the doctor. These could then be matched to find out possible times for 

the appointment. These times could be either suggested to the user, who would then 

select the most suitable time or the system could select the most suitable time for the 

user. Once the best time for the appointment is selected either by the user or the 

system, the data source or the diary of the doctor, from which the doctor’s free times 

are identified, needs to be updated by the system. Hence, queries of the first type 

require reading the data sources of the third parties, and queries of the second type 

need to read and then write to the data sources. This main difference between the two 

types is illustrated in Figures 3.1 and 3.2. 
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Figure 3.1 Application type 1: informational (question-answering) 
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Figure 3.2 Application type 2: transactional 
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In these Web applications, user requests can be from different input devices from 

different locations. They may come from a mobile in a car, a telephone call from a 

workplace, a palm top at a work site, or from a computer at home. Independent of the 

input device and media, the user query has to be taken in by the application. These 

could then be converted to text for processing.  

For some requests, the request alone may not be sufficient enough to process the 

request. For example, consider the query Book me a flight to Singapore. In order to 

process this query, information such as the starting location and time of flight (the 

day or time period) are compulsory. In some other requests, although the information 

provided in the request is sufficient enough to process the request, making use of 

contextual information relevant to the user and the request could improve the result. 

For example, a user request may be Get me a place for lunch. If no other information 

other than this request is available to the system, it could process the request 

producing results that include many irrelevant ones. For example, it could list the 

restaurants that the user does not like at all, or restaurants that are in another state or 

country.  

Making use of contextual information related to the user, such as restaurants and 

meal types preferred by the user, will be quite useful to improve the results, avoiding 

irrelevant ones. This contextual information that is of type user preferences change 

less frequently and therefore could be kept as stored information by the application. 

Furthermore, to choose restaurants, the application has to consider information such 

as the user’s location and the request time. For example, a user could prefer a 

specific type of restaurant for tea, and another restaurant for dinner.  
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Therefore, it would be useful for the system to expand requests using contextual 

information such as user preferences, and the relevant spatial and temporal 

information. As the location and time of the user could vary, they must be captured at 

the time of the user’s request. The application can use the input device of the user to 

capture information such as the user’s location. The types of contextual information 

that can be used for the query expansion will depend on the query domain and the 

task intended in the query. After expanding the user request with contextual 

information, the application could begin to process a response. In order to carry out 

this process, the system could make use of request-related information sources, 

mainly the Web. This result processing involves document retrieval, passage 

retrieval and answer extraction which are explained in Section 1.2.3.  

The result produced by the Web application may contain more than one solution. 

When all required information is not specified, the response can include a list of 

solutions, from which the user can select one. In the example given above Get me a 

place for lunch, the output may not be a single restaurant. If the user prefers a 

particular restaurant that is stored as part of the user preferences and used by the 

system, still the output can include several types of meals in the preferred restaurant. 

If the user is not particular about the restaurant and therefore does not have the 

restaurant as part of her/his preferences or query, then the output can include a list of 

restaurants, their locations, and available meals.  

If the user is not happy about the results, s/he could add more strict preferences and 

the whole process could be redone. More expansion with user preferences leads to a 

fewer number of results, but which are more relevant. These intelligent applications 

can also have learning capabilities. Based on user selections from the options 
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provided in the output, these applications could learn the user’s preferences. These 

preferences could be stored by the system as part of the user profile and could be 

used in the future. 

3.2 Proposed Architecture for the Personalised Web 

Application 

Based on the above analysis, an architecture for a personalised Web application is 

proposed in this section. This architecture has three basic modules. They are 

Communicator, Query Expander and Query Processor. These modules make use of 

different contextual information for the query expansion and query processing. 

Figure 3.3 illustrates the architecture, and the functions of each of the modules and 

the contextual information used by the functions are explained in the following 

sections.  

3.2.1 Contextual Information 

Section 2.2 describes a range of contextual information that has been used by 

researchers and the main categories of context. Contextual information used by the 

proposed application is categorised based on the taxonomy described in Section 

2.2.4. Contextual information such as user context, domain context, task context, 

spatial context, and temporal context are used mainly for the query expansion 

process.   
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Figure 3.3 Proposed architecture of  a personalised Web application 

• Domain Context 

Along with the other contextual information, the domain context also will be used by 

the Query Expander to expand a given query. Chapter 4 describes how domains were 

modelled in different approaches and the domain model used in the proposed 

approach. Chapter 5 describes how these domain components are used for the 
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identification of the query domain. The domain context will contain information 

needed for the expansion of queries as templates for each of the implemented 

domains. This template will contain parameters that specify the information required 

for the query expansion. During the query expansion process, template of the query 

domain will be filled with user, task and domain-specific preferences. Chapter 6 

describes the additional information required in the domain context in order to 

expand user queries and how this information is used for the query expansion. 

• User Context 

User context consists of information related to the user that can be used for the query 

expansion process. This includes contextual information about the user, which 

comprises the user’s long-term preferences that are necessary for the query 

expansion. Part of the user context is generic or common to all domains, which 

contains general information about the user such as the gender and the address. Some 

of the user preferences are domain-specific. For example in the domain Ordering 

Meal, the user’s preferred meals, meal types, restaurants, and budget are user 

preferences specific to the domain. Hence, the user context will contain generic and 

domain-specific information about the user, as presented in Figure 3.4.  

User Context

Generic Domain-specific

User Context

Generic Domain-specific

 

Figure 3.4 Classification of user context 



56 

• Task Context 

As the information used for the query expansion depends on the domain of the query 

and the type of the task to be performed by the system, it is necessary to identify the 

task conveyed in the query. The task context has the information required for this 

identification. This information that is required for the identification of the task type 

is found to be similar to groups of application domains. Hence, the application 

domains are grouped based on the main tasks/activities carried out in the domains. 

The task context used in this research and the grouping of domains are explained in 

detail in Sections 6.2 and 6.3.  

• Spatial Context 

This context describes information related to the locations. These are explained in 

Section 2.2.4. As explained in this section, spatial context could have absolute (for 

example, Sydney) and relative (for example, near) values representing locations. 

Values of spatial context are independent of the domain and hence the domain 

context. Spatial values are used to expand queries with spatial preferences such as 

the location of the user.  

• Temporal Context 

Temporal context describes time in various forms, and is explained in Section 2.2.4. 

A temporal context can be represented as time instants or absolute time references 

(for example, 24th January 2007), time intervals (for example, morning), periodic 

descriptors (for example, every morning), and temporal relationship (for example, 

during). Similar to the spatial context, values of temporal context are independent of 
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the domain context. Presence of temporal values in a query is also used to identify 

the task intended in the query, and is explained in Section 6.5.3. 

3.2.2 Communicator  

The Communicator module handles all interactions with the user. It accepts user 

queries in different forms, depending on the user’s input device. Independent of the 

methods used to capture user requests, the Communicator converts the query into 

text form and sends it to the next module, the Query Expander. As the Query 

Expander needs to know the user of the query, the Communicator has to identify the 

user. This could be accomplished by asking the user to login or by using more 

sophisticated biometric-based approaches. 

3.2.3 Query Expander 

The Query Expander receives the user’s identification and the query as text, from the 

Communicator. The Query Expander adds essential and useful contextual 

information to expand the query prior to processing. Most of this contextual 

information is domain-specific. For example, for the query explained in Section 3.1, 

Get me a place for lunch, user preferences such as the user’s preferred meals, 

restaurants, types of meals, and location of the user can be used to process the user’s 

request. These information types that are essential and useful for the query expansion 

are stored in the domain context for each of the implemented domains. These are 

used to identify the information required for the query expansion. In the above 

example, other than the location, the rest of the information is specific to the domain, 
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which is Ordering Meal. The Query Expander can make use of this less frequently 

changing contextual information about the user from the user profile. Hence, in the 

above example, the user context should include user’s preferred meals, restaurants, 

and types of meals. The Query Expander can request the Communicator for changing 

user information related to the environment, such as the user’s location.  

To support different domains, the user profile should contain user preferences in the 

domains. In order to decide the user preferences that have to be used for the query 

expansion, the Query Expander needs to identify the domain of user query and the 

task type conveyed in the query. To identify the query domain, knowledge about the 

domain which is stored as part of the contextual information as the domain context 

will be used by the system. Furthermore, presences of spatial and temporal values in 

the query are also used to identify the task type given in the query. A domain expert 

who has knowledge about the domain can analyse the domain and store this 

information in the context model. The domain expert can also identify the contextual 

information needed for the expansion of queries in each of the domains. These can 

also be stored as part of the domain context.  

3.2.4 Query Processor 

Once the user query is expanded, the application can begin to process the query. This 

task is carried out by the Query Processor module. From the Query Expander, the 

Query Processor receives the expanded query, which contains the user request, the 

domain of the request, and contextual information related to the query and the 

domain. Then the Query Processor needs to use suitable document retrieval and 

passage retrieval methods to extract an answer in response to the query.  
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In order to extract a solution, the Query Processor needs to understand the 

information obtained from websites. Different Web documents might use different 

terms with the same meaning within the same domain. Therefore, there will be a 

need to extend the domain by defining the terms used in the domains and their 

relationships. With the aid of the relevant domain knowledge, the Query Processor 

will extract a result using information obtained from websites related to the expanded 

query and the domain. The result may not contain a single solution. The number of 

solutions will depend on the amount of expansion performed on the query. In other 

words, it will depend on the extent to which the user request is understood. Stricter 

preferences of the user may lead to more expansion to the query, giving a fewer 

number of solutions or just one solution.  

The Query Processor will send the result to the Communicator to present it to the 

user. If necessary, the Communicator could then convert this result based on the 

interaction device used. When the result has more than one solution, the user can 

choose the most preferred solution. If the user is not satisfied with the result, s/he can 

add further restrictions or preferences to the query. Then the whole process will be 

redone. In these situations, an intelligent application could learn more about user 

preferences, and could update the stored user profile.   

3.2.5 Validating the Architecture 

Several scenarios with different text inputs in English are used to validate this 

architecture. Out of these, one scenario of the domain Ordering Meal is explained 

below. Here the text form of user request is, Find a place for lunch. Using stored 

domain knowledge, the word lunch in the query could be used to identify the domain 
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as Ordering Meal. Next, the Query Expander identifies the task conveyed in the 

query, in order to decide the information that could be used for the query expansion.  

 

 

Figure 3.5 Intermediate results of query expansion in a scenario  
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In this scenario, the system will identify the task as a listing. The Query Expander 

will then use the user profile in the domain to expand the query. In this example, user 

preferences include preferred meals, preferred restaurants, and location of the user. 

The Query Expander will obtain the user’s location from the communicator. The 

expanded query and the identified domains are then sent to the Query Processor. The 

Query Processor analyses the expanded query and chooses websites from which it 

can extract useful passages and answers. In this example, it will make use of user 

preferred restaurants in the user’s location to choose relevant Web documents. The 

result will contain a list of restaurants, meals, types of meals, cost, location, and 

distance to travel. This result will be sent to the Communicator, which will then 

present it to the user in an appropriate form, based on the devices used for the 

interaction. This is illustrated in Figure 3.5. 

3.2.6 Challenges in the Proposed Query Expansion 

Although this architecture is domain-independent and suitable for several scenarios, 

some of the issues have to be addressed before a system like this can be widely used. 

As domains to which queries belong are important for the expansion and processing, 

domains have to be correctly identified. For proper identification, there should be an 

agreement in naming domains. However, identification may be harder for queries, 

which do not contain any keywords related to stored domain knowledge. In some 

queries, more than one domain can be identified as the domain of the query. This is 

because a term could belong to more than one domain, and could have more than one 

meaning.  

Out of the available websites, the sites related to the requested domain have to be 
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identified correctly. If the user query is accepted in a form other than text, it has to be 

converted to text prior to the expansion. This will involve several complex tasks 

depending on the form of inputs, such as voice. Using the devices used by the user, 

the system has to capture user context, such as location and time. The main 

component needed for the expansion and the document retrieval is the domain 

context. This needs a proper study of heterogeneous data sources on the Web and 

their representations. Information contained in the websites changes with time. Thus, 

proper maintenance of the domain context is also an important issue to be 

considered. 

3.3 Stages of the Query Expansion Process 

As explained in Section 2.1, query expansion techniques aim to improve a user’s 

search by adding new query terms to an existing query. These techniques could use 

Interactive Query Expansion (IQE) where expansion terms are added to the query by 

the user or Automatic Query Expansion (AQE) where the expansion terms are added 

by the retrieval system. Query expansion is carried out by systems mainly using 

relevance feedback, grammatically related terms such as synonyms and stems of key 

terms in the query, ontologies and thesauruses which contain terms that are usually 

domain-specific, contextual information related to the user of the query and domain 

of the query, and query logs. These are also explained in Section 2.1.  

Compared to general queries such as definitional and biographical queries, results of 

the personal queries can be much improved if the receiver knows the user context, 

and can make use of it to process the query. When humans communicate, a personal 

query made by one human often does not completely describe the requirements of 
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the human. However, the other human involved in the communication can 

understand the message better, due to the richness of the language and when they 

share the same context. Similar to human communication, personal queries can be 

understood better by an automated system, if the system can identify the preferences 

of the user, related to the query. This can be achieved by identifying the domain of 

the query and the task given in the query, and by maintaining the preferences related 

to the user in the query domain.  

Similar to human communication, queries issued to automated applications might be 

incomplete, that is, they require additional information essential for processing. 

These are referred to as “missing information” in this research. Some other queries 

may not require compulsory information for processing, but could produce better 

results when additional information is provided. These are categorised as useful 

information. Examples of queries requesting essential and useful information are 

explained in Section 3.1. Sometimes, queries might contain additional preferences 

that could be used for processing. These are referred to as the user’s short-term 

preferences. A user’s long-term preferences can be stored as part of the user profile, 

and can be used for processing. If an automated system can identify these missing, 

useful, long-term, and short-term user preferences that are necessary and useful to 

process the query, and if it can keep or capture these information, then it can expand 

the query with such information before processing it.  

Based on these factors and the architecture proposed in Section 3.1, an AQE 

methodology is proposed to expand a user query with essential and useful contextual 

information. To understand, analyse and capture the nature of personal user queries, 

approximately 280 sample queries are collected from eight different users. These 
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users had different backgrounds, and their occupations include administrative 

assistant, technical supporter, sales assistant, and PhD research student in IT. The 

users are provided with six selected application domains, and are requested to give 

their queries similar to the way in which they would ask it of a friend who knows 

their preferences. The domains used are Ordering Meal, House Purchase/Lease, 

Register for Course, Booking Appointment with Doctor, Flight Booking, and Settling 

Bill . These sample queries are found to be useful in identifying the nature of user 

queries in specific application domains.  

From the analysis of the sample queries and some other general queries from various 

sources, and from the literature review of QE, the stages required for a personalised 

query expansion are identified. The contextual information required for each of the 

stages is identified and grouped in a context model. Figure 3.6 shows the stages of 

this expansion process and the components of the contextual information required in 

each of the stages. Here, the context model includes the domain model, user model, 

task model, spatial model, and temporal model. The domain model will have a 

similar, well-defined structure for all domains. Before using the system in a new 

domain, related domain information has to be added to the existing domain model.  

The user model will contain the user’s long-term preferences. Some of these 

preferences are domain-independent (for example, the user’s address), and some are 

domain-specific (for example, the user’s preferred airline), as explained in Section 

3.2.1. For each of the domains implemented, the user’s own preferences that are 

specific to the domain have to be added to the user model. In order to do this, when a 

domain is added to the system, a domain template consisting of possible types of 

long-term preferences in the domain has to be added as part of the domain model. 
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Figure 3.6 Stages of the query expansion process 

Whenever there is a new user to the system, personal, domain-independent 

preferences of the user can be accepted from the user using a standard template 
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maintained by the system. When an existing user makes a query in a domain for the 

first time, the user’s preferences in that domain can be added to the user model, using 

the template maintained as part of the domain model.  

The task model will contain information necessary to identify the task conveyed in a 

query. This task model will be partly dependent on the domain. Therefore, when a 

new domain is implemented in the system, the task model has to be revised and 

modified, if necessary. The spatial and the temporal models contain values 

representing locations and times, and are domain- and user-independent.  

3.3.1 Application Domain Identi fication and Key-phrase 

Extraction  

When the user makes a query, the domain of the query has to be initially identified 

for the following reasons: 

• to extract meaningful terms from the query, 

• to disambiguate meanings of important terms in the query, 

• to identify the task intended in the query, 

• to identify the essential and useful information required to process the query, 

• to know that information necessary and useful for processing the query is 

provided or missing in the query, and  

• to obtain the supplementary information that represents user- and domain-specific 

preferences in the application domain of the user query.  

This is because, most of the user preferences are domain- and task-specific, and 

contexts of the query terms are domain-dependent. Hence, the first stage of the 
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expansion process is to identify the application domain of the query. In order to 

accomplish this, domain ontology with the concepts of the domain such as entities, 

attributes and instances in the domain is used. The domain ontology has a similar 

structure for all application domains. This is described in Chapter 4. Terms in a 

query may belong to more than one domain, and could obtain more than one 

meaning. To disambiguate the sense of the terms in the query, it is necessary to 

identify the most suitable application domain of the query, as the meanings of terms 

are specific to domains. This is achieved using a domain identification algorithm that 

is explained in Section 5.5. Once the application domain is identified, most of the 

useful terms in the query are extracted along with the intended meanings of them in 

the application domain, and hence in the query.   

3.3.2 Task Identification 

The information used for a query expansion will not depend only on the query 

domain, but will also depend on the type of the task conveyed in the query. This is 

because, the set of preferences that could be used for each task in a domain could 

vary, and it will be a sub set of the set of preferences of the domain, as shown in 

Figure 3.7.   

Domain preferences

Task 
preferences

 

Figure 3.7 Sources to extract essential information 
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Therefore, it is necessary to identify the task type intended in the query. The types of 

tasks considered in this research are system tasks, that is, the tasks that have to be 

performed by the application. If the task to be performed by the system is a list task, 

then the system needs to read data sources in order to process the query. When the 

user task requests a creation in the data source, then certain information is essentially 

required for the creation, depending on the domain of the query. Without this 

information, the creation task cannot be performed by the application. In this 

research, this information that is compulsory for the creation task is referred to as 

“essential information” for the query expansion. 

A list task can always be performed with the available information, as it requests to 

read information from data sources. However, when more useful information is 

provided for the task, more filtering can be performed on the read operation, 

resulting in a fewer number of more relevant results. This information that is relevant 

and valuable for the list task is referred to as useful information in the query 

expansion process. Furthermore, information useful for the processing of a list task 

could vary, based on the type of information requested in the listing. Hence the list 

tasks are categorised based on the type of information requested, and these categories 

are explained in Section 6.5.1. 

Identification of the task type is dependent on the domain of the task, and the 

presence of spatial and temporal information in the query. Hence, the task 

identification process needs to make use of spatial and temporal models of the 

contextual model. These task types and their identification are the same for 

application domains with similar activities. For example, ordering is a common 

activity in the domains Ordering Meal, Ordering Books and Ordering Cosmetics. 
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The task types in these domains are ordering items (meal, books and cosmetics), 

requesting information about an item or provider (seller) of the item, and requesting 

information about an order. Hence, domains are grouped based on the main activities 

carried out in the domains, and are explained in Section 6.2. 

3.3.3 Query Expansion with Essential Information  

As described in the previous section, a creation task requires essential information 

for processing. For example, the query Book me a flight to Singapore requests a 

creation. In order to process this query, information such as the starting location and 

time of flight (the day or time period) are compulsory. For each implemented 

domain, the domain model will have types of the compulsory information required to 

process a create task. Hence, once the creation task and the query domain are 

identified, information essential for processing the task in the domain is known.  

Sometimes this essential information may be present in the query. Most of the key 

terms in the query might have been identified during the domain identification 

process. However, when the essential information required for processing is 

identified and found to be missing, information present in the query that has not 

already been identified during the domain and task identifications needs to be 

extracted at this stage. For this purpose, the query has to be re-analysed for the 

existence of missing essential information. 

This missing information may be specified directly or indirectly in the query. When 

it is presented directly, the query will contain absolute values of the required 

information. If it is indirectly specified in the query, then the query will contain 
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relative values of the information. This is because in a natural environment, users 

assume that the receivers know or understand their preferences. For example, the 

query List me the closest McDonalds contains preferences that consist of the user’s 

preferred location and preferred restaurant. Here the preference, the restaurant’s 

location, is specified by a relative term closest. Similarly, in the query Get me 

appointment times with my doctor, my doctor is a relatively specified preference of 

the user. Here, the preference specified by the term closest in the first query is 

spatial, and the term my Doctor in the second query is personal. Personal preferences 

can be general (the user’s suburb) or domain-specific (the user’s doctor in the 

domain Booking Doctor’s Appointment). In this research, preferences provided in 

queries are referred to as “short-term preferences” of the user. 

In the sample queries, about 13% of the queries are found to contain preferences 

relatively specified in the query. These relative preferences are also found to be more 

domain-specific, that is, some domains have more of such preferences, whereas some 

other domains have very few or no queries containing relative preferences. For 

example, in the domain Ordering Meal, about 15% of the queries contain relative 

preferences that are spatial. In the domain Booking Doctor’s Appointment, about 

33% of the queries contain relative preferences that are personal. 

When essential information is present in the query as a relative preference, then the 

absolute value of the preference can be either calculated or extracted from various 

sources. For example, if a relative temporal preference is tomorrow, it can be 

calculated by the system. If another relative preference is my Doctor, then it has to be 

either taken from the user profile or could be accepted from the user through the 

communicator. In general, the temporal values can be calculated, spatial values can 
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be captured using appropriate devices, and the personal preferences need to be 

accessed from the stored user profile. The spatial and temporal models will have 

absolute and relative, spatial and temporal values. The absolute spatial and temporal 

values can be organised in a hierarchy.  

If the missing information is not available in the user profile, then it has to be 

accepted from the user, and can also be stored in the user profile for future usage. 

Hence the essential information can be extracted from the query, user profile, spatial 

model, or temporal model, or can be accepted from the user or captured by the 

communicator. This is illustrated in Figure 3.8. 

Figure 3.8 Sources to extract essential information 

3.3.4 Query Expansion with Useful Information 

As described in Section 3.3.2, a list task can be processed without any additional 

information, as it only requires reading the data source/s. For example, a query in the 

Flight Booking domain, List the flight times to China in early December by Qantas, 

requires a listing to be performed. This can be processed resulting the flight times 
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from all countries to China. However, when the user provides the starting location, 

more useful results can be produced for the user. For example in the Flight Booking 

domain, about 74% of the sample queries are found to be missing the useful 

information, which is the starting location of the travel. In this research, these kinds 

of information that are valuable to process the queries are referred to as “useful 

information”.  

The type of useful information is found to be dependent on the type of the 

information requested in the query. The types of information requested in list tasks 

are of similar patterns across domains. Hence, list tasks can be classified in general, 

independent of the domain. For each type of list task, information useful to process 

the query can be stored in the domain model. Hence, once the list task type and the 

query domain are identified, information useful to process the list task in the domain 

is known.  

Similar to the essential information, the useful information may also be present in the 

query. Although most of the key terms in the query might have been identified 

during the domain and task identification processes, when useful information 

required for processing is found to be missing, the query has to be re-analysed for the 

existence of missing useful information. Similar to the essential information, useful 

information can also be specified as absolute or relative values in the query. When 

they are specified relatively, then the absolute value of the preference has to be 

identified either by calculations or from relative sources.  

If the useful information is not available in the user profile, then it has to be accepted 

from the user, and can also be stored in the user profile for future usage. 
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Furthermore, although users could have their preferences stored as part of their 

profile in the user model, the preferences can vary at times. For example, consider 

the above query List the flight times to China in early December by Qantas. In this 

case, a domain-specific preference, which is the user’s preferred airline, could have 

been stored as British Airways as part of the user profile. However, the user’s short-

term preference for an airline is Qantas, as specified in the query. These short-term 

preferences are the current preferences of the user and therefore will have higher 

importance compared to stored, relatively long-term preferences.  

Similar to the essential information, the useful information can also be extracted 

from the query, user profile, spatial model or temporal model, or can be accepted 

from the user or the communicators as illustrated in Figure 3.9. 

Figure 3.9 Sources to extract useful information 
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Other than the essential and useful information, often queries and user profiles can 
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implemented domain, the supplementary information that is useful for processing can 

be identified manually, and can be stored as part of the domain model. For example 

the query List meals available at Chinese Dragon is complete, and can be processed. 

But if the user’s preferred location, preferred meals, preferred cost etc. are known, a 

better result can be produced to the user. In another query, Get me the Chinese 

restaurants that charge less than $12 for a meal, the user has given an additional 

preference which is the expected cost. In order to make use of this supplementary 

information, it is essential to extract this preference from the query.  

Figure 3.10 Supplementary information for query expansion 

This supplementary information can be present in the query or user profile, as 

illustrated in Figure 3.10. In order to make use of this information, the domain model 

should have the possible supplementary information type, and the system should 

check for its presence in the query and user profile. The preferences given in a query 

are short-term preferences, and the preferences stored in the profile are relatively 

long-term preferences.   

Sometimes, preferences may not be provided by the user prior to the query 

expansion, and hence are not stored as part of the user profile. In such a situation, the 
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user’s short-term preferences issued as part of the user query could be assumed to be 

long-term preferences, and stored in the user profile. In the above example in the 

Flight Booking domain, if the user’s preferred airline has not been provided earlier 

by the user, and hence not stored as part of the user profile, Qantas, which is 

identified as an airline, could be stored as a user preference in the domain Flight 

Booking. This feature provides learning capabilities to the system. 

Moreover, when these preferences are common to users, they can also be used to 

improve the domain knowledge, as most of the preferences are common instances of 

a domain’s attributes. For example, a user preference meal name in the domain 

Ordering Meal has a value as sushi, which is stored in the user profile. This could be 

used to expand the instances of meal names in the domain knowledge, as a meal 

name is a common instance to all users of a community, unlike the name of a doctor, 

which is an instance specific to the user. 

3.4 Summary of the Proposed Query Expansion Process 

This chapter presents a domain-independent architecture that is necessary for a Web 

application which carries out a personalised automatic query expansion. The features 

and the main components of this Web application have been explained in the chapter. 

Of the components of this architecture, the query expansion process of the 

application is the focus of this research, and hence the required steps for the 

expansion have been identified and discussed in this chapter. Also explained in the 

chapter is the contextual information required in each of the stages of the query 

expansion process. 
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CHAPTER 4 

Domains and the Domain Ontology  

As described in Section 3.3, the first stage of the query expansion process is the 

application domain identification. This stage in turn will extract the key terms from 

the query and disambiguates them, as meanings of the key terms are more certain 

when the domain is identified. The domain is modelled in the form of ontology, 

which contains generic structured information that is common to all domains, will 

have the knowledge that is used to identify the application domain of the query. In 

order to define the domain ontology, first of all, the scopes of the domains have to be 

defined. This chapter includes different definitions provided in the literature about 

domains and domain models, and domain-modelling methods used in some 

approaches in the past. The main methods that are being used for the classification of 

domains by other researchers and the classification method used in the proposed 

approach are also presented in this chapter. Also included in the chapter are how 

domains were modelled in different approaches and the domain ontology used in the 

proposed approach. The next chapter describes how this domain ontology is used to 

identify the application domain of the user query. 
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4.1 Domains and Domain Models  

As explained in the previous chapter, the focus of this research is to expand user 

queries using contextual information such as user preferences and the meaning of 

terms in the query. In order to accomplish this, it is necessary to identify the domain 

of the user query, as most of the user preferences are domain-specific, and contexts 

of the query terms are domain-dependent. To identify the domain of the user query, 

domain knowledge about the implemented domains is used by the system. This 

section presents different definitions provided in the literature about domains and 

domain models, and domain-modelling methods used in some of the approaches in 

the past.  

4.1.1 Domains  

There are many definitions about domains and many different ideas about domain-

modelling that have been used by researchers. Following are some of the definitions 

of domain, provided in WordNet which is an electronic lexical database [7] and in 

the Farlex Online Dictionary [3].  

• A particular environment or walk of life. 

For example, “his social sphere is limited”; “he’s out of my orbit”  

• Territory over which rule or control is exercised. 

For example, “his domain extended into Europe”  

• A distinctive group of people with some shared interest.  

For example, “the Western world”  

• A knowledge domain that you are interested in or are communicating about. 

For example, “finance”, “medicine”, “health”. 
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In mathematics, a domain is defined as the set of values of independent variables for 

which a function is defined [3, 7]. In networking, a domain is defined as a group of 

computers whose hostnames share a common suffix, the “domain name” [1, 3]. In 

systems development, a domain is often considered as the subject or business area in 

which a piece of software is designed to work [90, 145, 146]. Here, domains are 

often considered as application domains, that is, domains with which application 

users are concerned. An application domain is also defined as an abstraction that 

groups a set of software systems or functional areas within the systems based on a 

domain definition shared by a community of stakeholders [195].  

4.1.2 Application Domains 

An application domain is the purview or scope of an application or enterprise. When 

an application domain is considered as the scope of an application, each application 

is considered as a separate application domain [63, 130, 142]. When an application 

domain is considered as the scope of an enterprise, it may contain sub-domains 

which are sub-systems of the enterprise [29, 159, 179]. Application domains are 

often described using corporate enterprise models and requirements specifications. 

These are also known by various names like requirements definitions, problem 

definitions, and problem descriptions. There are two alternative definitions for 

application domains, known as the “AI view” and the “OO view”. The AI (Artificial 

Intelligence) view locates domains in the real-world problem space. The OO (Object 

Oriented) view considers domain analysis to model the real-world actors, objects and 

operations [193]. Application domains are more often referred to as domains. 

In some approaches, domains are defined to be large, consisting of many applications 



79 

or sub-domains [115, 165, 227]. For example, Sales, Public Administration, Air 

Travel, Aero Engine, Portable Wireless Communication Devices, A System to 

Troubleshoot, Library Management, Insurance, Computer-aided Manufacturing, Car 

Rental, and Hotel Management are considered as domains, whereby each of these 

domains could consist several applications or sub-domains. For example, the 

application domain Hotel Management can have sub-domains such as Room 

Reservation, Facilities Management, and Inventory Control. A case study in the 

Avionics domain describes a company that manufactures electronic engine 

controllers for aircraft. The sub-domains considered in this case study are, Engine 

Starting, Reverse Thrust, and Signal Validation [114]. 

In some approaches domains with similarities are grouped together to form higher 

level, generalised domains. For example, in consideration of a well-known concept 

Domain Specific Software Architecture (DSSA) approach to reuse software 

components, domains are implemented as components, which are sub-domains. In 

the example to explain this approach, Airline Booking, Library Booking and Ticket 

Booking domains were considered as sub-domains/systems or specialisations of the 

Item Booking domain [96]. To improve reusability, big domains are encouraged to be 

divided into smaller, easier to understand and describe sub-domains. As a working 

example, a Software Project is considered as a domain, and the sub-domains 

identified are Project Planning, Project Execution and Project Progress Monitoring. 

Project Progress Monitoring and Project Planning are identified as being sub-

domains of a Project Management domain. In addition, a Software Process domain 

is distinguished as a sub-domain of the Project Execution and Project Management 

domains [96]. This is shown in Figure 4.1 where arrows denote sub-domain-of 

relation. 
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Figure 4.1 Partitions of the software project domain model [96] 

4.1.3 Domain Models 

In some approaches, domains are modelled considering only the domain under 

consideration [13, 145]. In other approaches, domain models are more generic and 

can be used to model different types of domains defined by the method [179, 206]. 

When domains are considered as the scope of an enterprise, the domain is considered 

as that within which an enterprise conducts its business. In such cases, the domain 

model should be the same as that for any other enterprise conducting business in the 

same domain.  

To model a domain, the domain has to be analysed. Domain analysis is similar to 

system requirements analysis, but the main outcome of this analysis, which is a 

domain model, is more generic and more oriented towards real-world processes than 

software system requirements [12, 115, 156]. Domain models are described and used 

in various ways, including the following.  
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• A domain model is described as a problem-oriented architecture for the 

application domain that reflects the similarities and variations of the members 

of the domain [70].  

• A domain model is enumerated as something that describes a real-world 

situation in terms of entities that produce and use information, the types of 

information, information flows among entities, responsibilities of entities and 

operational scenarios [96].  

• An application domain model is a formal representation of the knowledge 

necessary to support specific operational goals. Since models are abstractions, 

modelling strategies certainly differ depending upon the nature of the material 

to be abstracted, the perspective of the modeller, and the future use of the 

abstraction [90].  

• A domain model mirrors the hierarchy of systems, subsystems and components 

in the target system. The hierarchy starts with the whole system and follows 

traditional decomposition of the system down to the elementary components 

[25]. 

• A domain model is a representation of an application domain that can be used 

for a variety of operational goals in support of specific software engineering 

tasks or processes [92].  

• A domain model contains the knowledge/experience in a domain [63].  

• A domain model serves as a basis for engineering components (or assets) 

intended for use in multiple applications within the domain. The domain model 
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provides a formalised language for specifying the intended range of 

applicability of the assets [195]. 

• A domain model defines the functions, objects, relationships, and behaviours in 

a domain. The model identifies generic requirements or commonalities and 

differences of the problems within a domain [130]. 

In general, the domain model describes the structure of data, flow of information, 

functions, constraints and controls within the domain that are included in software 

systems in the domain. In many approaches, domains are modelled using the 

standard object-oriented paradigm [70, 146, 165]. Often the term “Domain model” is 

used to refer to the class diagram in the analysis model. Typically, this will include 

classes with their attributes, operations and associations. In some approaches, domain 

models include additional components along with the object model. These include 

data dictionary [217], tasks [141, 228], operational goals [90], and scenarios [141, 

217].  

For example, in describing Domain-Specific Software Architecture (DSSA), Theatre 

Ticket Sales is considered as a domain. A domain model was generated to this 

domain based on scenarios or operational flows that reflect the behaviour of 

applications in the domain being analysed. The domain model consists of scenarios, 

domain dictionary, context (block) diagram, entity/relationship diagrams, data flow 

models, state transition models, and object model. The scenarios identified in the 

Theatre Ticket Sales domain are Ticket Purchase, Ticket Return, Ticket Exchange, 

Ticket Sales Analysis, and Theatre Configuration. The domain dictionary consists of 

commonly used words or phrases found in the scenarios [217].  
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Describing an industrial experience in applying domain analysis and modelling 

within a company that develops personal electronic devices, sub-systems of the 

company are considered as different domains. The domain model consists of the 

Entity/Activity Diagram, a functional model and an information model. The 

Entity/Activity diagram shows the major entities of the domain and their major 

activities. The functional model shows the domain’s major activities and their 

relations. The information model shows the data aspects with information classes and 

their relationships among the classes such as “is a subclass of” [63]. 

Another approach considers ontology to achieve a higher level of reuse, namely 

knowledge reuse. In this approach, a domain model from an ontology model is 

created to produce a system model. Here, the domain model consists of an object 

model and use-case model. To create an ontology for a specific domain, the relevant 

knowledge in the domain is first analysed and represented using classification 

hierarchies and entity relationship diagrams. Then the resulting representation is 

converted into an implemented ontology using an ontology editor. This approach is 

presented in Figure 4.2. 
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Figure 4.2 Overview of the Ontology-Domain-System approach [228] 
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Here, the ontology model is an application-independent model of the knowledge 

relevant to domain. The task ontology model provides a vocabulary of the terms used 

to solve problems associated with tasks in this domain. The class ontology model 

describes the classes, attributes and the relationships in this domain. The domain 

model is an application-dependent model. The domain use-case model embodies the 

intention of the system and a set of steps to achieve that intention. The domain object 

model presents the static structure of the application, including information about the 

classes and their relationships. The domain use-case model and the domain object 

model are derived from the task ontology model and the class ontology model, 

respectively. The system model is an application-dependent model of the system to 

be produced. It describes the whole application, and is generated from the domain 

model [228].  

Another system that allows a user to explore or mine a document collection is based 

on domain and task knowledge. The system promotes an approach in which Web 

documents are represented according to two types of domain knowledge. These are 

content knowledge and task knowledge, both modelled in the form of ontologies. An 

approach in which ontology is devoted to a single domain is promoted. In the 

application of the approach, the domain considered is astronomy. Ontology for the 

astronomy domain is built from the IAU (International Astronomical Union) 

thesaurus, a thesaurus with terms in the astronomy domain. To each concept is 

associated a set of labels that can be used to represent this concept. Different 

relationships such as is-a, part-of and event-linked-to are also represented in the 

model. A task’s content depends on the type of information users want to extract or 

discover. It organises the meta-data associated to documents according to the role 

they will play in the task the user is carrying out. Some of the tasks are works with, 
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writes and deals with [83]. This is illustrated in Figure 4.3.  

 

Figure 4.3 Link between the content and task ontologies for  

Astronomy domain [83] 

Software reuse is now widely seen as the key technology for significantly improving 

software quality and productivity, which is critical when software must be developed 

within an acceptable time frame. In generative reuse, applications are generated from 

specifications using domain knowledge. In a related work, system requirements are 

derived and combined with available software object repositories to get software 

components. A domain model is created and implemented in a knowledge base, 

which includes objectives, processes, actions, and objects. There is no overlap among 

the actions [206]. Figure 4.4 shows the framework used by them for the domain 

model. 
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Figure 4.4 A framework for domain model [206] 

In another approach to create reusable architectures and components in the 

development of a real-time system, the domain model used has a general description 

of the requirements in terms of entities, operations and relationships. The subject 

domain used was portable wireless communication devices. There are four different 

views of the domain model provided in this approach. They are, Object View, 

Layered View, Task View, and Scenarios. The Object View describes objects and 

their relationships. The Layered View describes how components are organised in a 

hierarchy of layers, each one providing an interface to the layers above it. The Task 

View describes the concurrency and synchronisation aspects of the architecture. The 

Scenarios describe interactions between external actors (for example, the end user) 

and the system components [141]. 

Another method proposes to represent an application domain model by means of 

multiple views as aggregation hierarchy, object communication diagrams, state 

transition diagrams, generalisation/specialisation hierarchy, and feature/object 

dependencies. The aggregation hierarchy is used to decompose aggregate object 
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types into less complex object types, with simple object types as the leaves of the 

hierarchy. It supports the is-part-of relationship. The object communication diagrams 

model objects in the real world, which communicate with each other using messages. 

An object may be defined using a state transition diagram. As the requirements of a 

given object type are changed to meet the specific needs of a target system, the 

object type may be specialised by adding, modifying or suppressing operations. The 

Generalisation/Specialisation Hierarchy (GSH) stores the variants of a domain object 

type. For each feature, the Feature/Object dependency which is a domain 

requirement, shows the object types required to support the feature [70].  

In an electronic performance support system for maintenance technicians, ADAPTS, 

the domain model mirrors the hierarchy of systems, subsystems and components in 

the target system. The hierarchy starts with the whole system (that is, an aircraft) and 

follows the traditional decomposition of the system down to the elementary 

components. The knowledge about the maintenance tasks is represented in a form of 

task model. The task model in ADAPTS consists of a relatively large set of 

maintenance tasks hierarchically composed of sub-tasks and steps. Each task or sub-

task is connected to all domain model components that are essentially involved in 

performing this task. They use a user model to personalise the content and 

navigation. The user model independently accumulates several aspects (roles) of the 

experience and knowledge of each technician for each component or task. Aspects 

used in ADAPTS include whether and how often a technician has reviewed, 

observed, simulated, expressed understanding (self-evaluation), previously worked 

on, or received certification on specific equipment or procedures [25]. 
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4.1.4 Domain-modelling 

Domain-modelling is the development of the domain model. This activity is 

concerned with identifying domain patterns, which are usually derived from process 

models and/or domain analysis. In most approaches, the domain-modelling method is 

considered to be similar to object-oriented methods when modelling a single system. 

Domain-modelling is performed by obtaining high-level patterns of domains.  

Given a domain model of an application domain, an individual target system (one of 

the members of the family) is created by tailoring the domain model, given the 

requirements of the individual system. Figure 4.5 shows a framework for domain-

modelling that seems to map well onto most examples in domain-modelling.  

 

Figure 4.5 A Framework for domain-modelling [91] 

Here, the domain knowledge refers to the knowledge possessed by the domain expert 

that must be encoded in some fashion. This knowledge is not well defined, and is 

Domain Knowledge Construction Model 

Instantiation 

Domain Model
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fairly difficult for others to access. The construction model has the components to be 

considered for the instantiation. This is common to all the domains. The instantiation 

refers to the process of taking the domain knowledge and physically representing it 

using the construction model, which is sometimes referred to as knowledge 

acquisition. The domain model refers to the knowledge base that results from the 

instantiation [91].  

A similar concept describes meta-modelling and model instantiation to create a 

domain model, as illustrated in Figure 4.6. Here, a meta-model is a generalised form 

of the representation of a set of domain models. An application domain model is an 

instantiation of a meta-model with knowledge from a real world application area. A 

meta-model is a formal structure or language, is computationally tractable, and 

allows for reasoning and inference to support the operational goals [92].   

 

Figure 4.6 Meta-model instantiation [92] 

An approach that is different from the above two approaches was proposed for a 
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company which produces large business systems for industries such as utilities, 

finance and health insurance. Associated with each industry area is a body of 

knowledge, which is critical to specifying and implementing software systems. To 

reuse the knowledge about industries, a domain model was created, which is a 

structured representation of the type of information that is used to achieve the 

operational goals of program specification, code generation and reverse engineering 

[90]. Figure 4.7 illustrates the process. 

 

Figure 4.7 Domain and specification models [90] 

Here, domain-specific knowledge is acquired from various sources. The approach 

used to gather domain knowledge is based on a combination of manual, semi-

automated and automated techniques. Since manually acquiring application 

knowledge by interviewing domain experts is a laborious, costly and error-prone 

process, they attempt to reverse engineer all relevant existing application artifacts. 

Experts are used only when necessary to make sense out of and resolve conflicting 



91 

information, to supply missing information, and to add new knowledge to the model. 

Hence, the application domain model is also used as a source of information in the 

synthesis process as shown in the above figure. 

In another approach that considers improving the software development process, 

domains that are applications developed for enterprises, are modelled by modelling 

the processes in the application. A software company is modelled by translating the 

process knowledge in the domain knowledge to extract the organisational patterns. 

The process model consists of four basic entities: people, roles, activities, and 

resources [16]. In applying domain analysis and modelling within a company that 

develops personal electronic devices, the domain-modelling activity commences with 

the identification of the entities in the domain in consideration [61].  

In developing a framework for domain model representation strategies, a linear 

model arranged in order of increasing separability of systems from domain model 

representations is considered. In the first representation, a single system model is 

taken as the domain model. In the second approach, multiple system models are used 

to implicitly suggest a domain model. Here, the assumption is that variability is 

expressed directly in differences across the individual models. One drawback of the 

approach may be that commonality is left implicit. The third approach makes use of 

hierarchical levels within a system model to indicate boundaries between system and 

domain representations [193]. 

4.1.5 Domain Ontology 

Ontologies have been proposed as an important way to represent real-world 
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knowledge, and to support interoperability. An ontology is a comprehensive 

knowledge model that enables practising a higher level of reuse, namely knowledge 

reuse [229]. A domain ontology consists of important concepts, and relationships of 

the concepts in the domain [74]. The goal of a domain ontology is to reduce (or 

eliminate) conceptual and terminological confusion. This is achieved by identifying 

and properly defining a set of relevant concepts that characterise a given application 

domain [223]. Ontology is different from a thesaurus, as an ontology aims at 

describing concepts, whereas a thesaurus aims at describing terms. An ontology can 

be seen as an enriched thesaurus in which more conceptual knowledge, by means of 

richer semantic relationships, is represented. 

Creating ontologies is, however, a difficult and time-consuming process that requires 

experts in the fields in which the ontology is created. Philosophical ontologists and 

artificial intelligence logicians are usually involved in the task of defining the basic 

kinds and structures of concepts (objects, properties, relations, and axioms) that are 

applicable in the domain. Identifying these basic principles is often referred to as 

foundational ontologies (FOs) or top or upper ontologies [69]. Domain-modellers 

and knowledge engineers are involved in the task of identifying the key domain 

concepts, and describing them according to the organisational needs established by 

the foundational ontology. This results in the core ontology (CO), which includes 

application domain concepts. While many ontology projects eventually succeed in 

the task of defining a core ontology, populating the third level, which is called the 

specific domain ontology (SDO), is the actual barrier for many projects [152]. These 

three levels of the domain ontology creation are shown in Figure 4.8. 
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Figure 4.8   The three levels of generality of a domain ontology [152] 

4.2 Domain Classification  

Section 4.1 describes different definitions of domains, and the definitions used in 

software engineering and systems development, in which domains are often 

considered as application domains. Application domains are the domains with which 

the application users are concerned. This section describes how application domains 

have been classified in the past, through different approaches. 

4.2.1 Domain Classification Methods 

Domains have been classified in many ways by the researchers. The main factors 

considered for the classification are listed in the columns of Table 4.1. Different 

approaches use different combinations of these factors. For easy reference, these 

combinations are referred to as different methods in the table. Application domains 

are mainly characterised based on the functions that are performed in the domain, the 

objects used by the functions, the relationships among objects, and the 

grouping/classification of objects. A function can be a process, activity, or task that 
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is based on the features of the system. In general, a function can be described by 

requirements, operational goals, triggers, inputs, outputs, objects used, other 

resources used, stakeholders involved, pre-conditions and post-conditions, 

communication among tasks, states, and rules [9, 13, 61, 90, 145]. In some cases, 

functions are also described by the technologies used by the functions. For example, 

navigation methods in the avionics domain and methods of fund transfer in the 

banking domain.  

Some approaches such as [206, 227] use functions and objects to define domains in 

their applications (Method 1, Table 4.1). Objects of an application domain may have 

relationships among them within the domain. Relationships are associations and 

dependencies between objects. In some approaches, in addition to functions and 

objects, domains are also classified based on the relationships among objects [12, 

42]. This is given as Method 2, in Table 4.1. Moreover, object classifications are 

mainly used to define domains (Method 3, Table 4.1). Objects are categorised in 

many ways, depending on the need of the application domain. One of the main 

classification methods is based on the type of the object, such as people, roles, 

activities, and resources. Another common way is organising objects through 

generalisation and specialisation [59, 131, 151, 207]. Functions are sometimes 

grouped into services, or subsystems. The grouping/classification of functions is 

based on the types of functions, or the departments that carry out the functions, or 

complexity of the function. As in Method 4 of Table 4.1, in some applications, in 

addition to the functions, objects, object classification and relationships among 

objects, classifications of functions are also used to define domains [63, 71, 228].  
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Method 1 √  √    

Method 2 √  √  √  

Method 3 √  √ √ √  

Method 4 √ √ √ √ √  

Method 5 √  √  √ √ 

Method 6 √  √ √ √ √ 

Method 7 √ √ √  √ √ 

Method 8 √ √ √ √ √ √ 

Table 4.1 Domain classification methods 

Stakeholders are human/non-human entities that directly or indirectly benefit from 

the system, and can be internal or external. Internal stakeholders are users/actors, and 

are described by their roles and responsibilities. In addition to the functions, objects 

and relationship among objects, some approaches also classify domains, based on 

stakeholders of the domain [96, 141] (Method 5). In applications such as [70, 130, 

217], the grouping/classification of objects is also added to the classification 

(Method 6). Instead, the grouping/classification of functions is used in domain 

classification, as given in Method 7 [63]. Some approaches use both the 

classification of objects and functions, along with the other features, to define 

domains [16, 165] (Method 8).  
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For example, in the consideration of improving software productivity, domain 

models are considered to enable reuse of the components. In such an approach, a 

domain is defined with a set of objectives that is unique for the domain. The 

objectives are defined based on the processes, their tasks and the objects used by the 

tasks. For example, Sales is considered as a domain, and the objectives of the Sales 

domain identified are, Define Potential Market Segments, Analyse Sales Prospects, 

Bid on Large Customer Requests, Make the Sale, Follow-up on Sales, and Analyse 

Performance. The objective Make the Sales has processes Process Order 

Information and Process Return Information. Process Order Information has tasks 

such as Enter Sales Order, Follow-up Orders and Cancel Sales Order, and the 

objects of the objectives are Product, Sales Person, Customer, Order, Returns, and 

Invoice [206].  

In an approach to building dialogue models for domains, domains are characterised 

by query types (or informational goals) and domain-specific concepts. For example, 

Foreign Exchange is considered as a domain that has two informational goals, 

Exchange Rate and Interest Rate. Five concepts that are identified to be specific to 

this domain are currency pair, time duration, exchange rate, and interest rate. The 

same approach was extended to a more complex domain, Air Travel Information 

Service, which is identified to have eleven informational goals and sixty domain-

specific concepts [227].  

4.2.2 Domain Classification in the Proposed Method 

In the approach considered in this research, application domains are defined based on 

tasks that request information about object/s of the domain. For example, in the 
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application domain Flight Booking, some of the possible queries (tasks) are, booking 

a flight, requesting information about flight schedules, requesting information about 

travel agents, requesting information about airlines, or it could be a combination, 

such as requesting information about flight schedules for an airline from a travel 

agent. Similarly, queries in the application domain Ordering Meal could be, placing 

a meal order, requesting information about meals, requesting information about 

restaurants, and requesting information about meals from a restaurant. Hence, tasks 

are defined on objects. 

Objects in a domain are defined by their properties/attributes. The properties taken 

into consideration will purely be based on the requirements of the domain. Hence, an 

object can be an object of more than one domain, but it can have different sets of 

properties in those domains. Similar to object properties, objects categories and 

relationships among objects are also specific to a domain. In this research, domains 

are classified based on the tasks, objects used by the tasks, classification of objects, 

relationships among objects, properties of objects, categories of properties, and 

categories of instances of properties. This classification method is a combination of 

many other approaches, which is described as Method 3 in the previous section. The 

additional feature used for the classification is the instance category. This 

classification is illustrated in Figure 4.9, and its features are explained in the 

following sections.  
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Figure 4.9 Classification of domains in the proposed approach 

There can be overlaps among the tasks and objects within domains. An object can 

belong to more than one domain and hence the task that is requesting information 

about that object will also belong to all the domains to which the object belongs. For 

example, Figure 4.10 shows two domains, D1 and D2, tasks in those domains, and 

the objects used by each of the tasks, using arrows. The object O3 belongs to both 

the domains D1 and D2. Hence, task T3, which is a query requesting information 

about object O3, will also belong to both the domains D1 and D2.However, task T2 

belongs only to domain D1, as it requests information about both the objects O2 and 

O3, whereas O2 belongs only to domain D1. The set of tasks is unique to a domain. 

For example, if there is another domain that has its task set as (T1, T2, T3), 
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requesting the same objects (O1, O2, O3) with the same features, then it is not a 

separate domain, but is the domain D1. 

Figure 4.10 Overlapping among domains 

4.3  Domain Ontology of the Proposed System 

As described in Section 4.1.5, the domain knowledge required to achieve the goals 

targeted by an application can be modelled as domain ontology. This research 

focuses on domain ontology that specifies conceptualisations, which are common to 

domains. This section describes the foundational ontology used in the approach 

considered in this research, which will be used to build the core domain ontology. 

Section 4.1 describes some of the domain models and domain-modelling approaches 

used by other researchers, and the domain ontology. Some of the approaches 

described in this section are specific to the domain in which they are created. Many 

of them are more generic, and can be used to model different types of domains 

defined by the method.  

As the foundational or upper ontology is used to create the domain model, the 

domain model considered in this research is generic. A foundational ontology can be 

 

T1 

O1

T2 

O2

T3 

O3 

T4 

O4

T5 

O5

D1 D2 

D - Domain          T - Task      O - Object 



100 

used to build the core ontology that includes application domain concepts. Hence, the 

domain ontology used in this research can be used to model different application 

domains. This domain model will have all the features described in Section 4.2.2 that 

are used to classify domains. For each implemented domain, the following are the 

components that are included in the foundational domain ontology. These are 

illustrated in Figure 4.11.  

• All possible objects/entities of the domain.  

• For each object, the category of the object in the domain. 

• Attributes (properties) of objects in the domain.  

• For each attribute, the category of the attribute.  

• For each attribute, the category of the instance. 

• All possible relationships among the objects in the domain. 
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Figure 4.11 Components of the foundational domain ontology 
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4.3.1 Objects in a Domain 

Objects, attributes, their classifications, and relationships among objects have been 

well studied and documented in the past, and have a very long history. For a system 

or application domain, there are objects in the problem domain and in the solution 

domain. Objects in the problem domain are the physical and conceptual things in the 

real-world problem. For example, employees, buildings, divisions, and documents 

are some of the objects of a company. Objects in the solution domain include data 

objects (for example, participants), interfaces (for example, windows, reports and 

screens), data management (for example, databases and data structures), and system 

interaction (for example, other systems). For example in HTML programming, 

objects are the building-blocks of a page, such as paragraphs, images, sound, and 

ActiveX components [81, 137, 150, 194].  

Objects in the problem domain can be of the type things, events, people, places, and 

organisations of the problem domain. Objects of the things type can be physical 

objects and conceptual objects. Physical objects are tangible and visible. Examples of 

physical objects include student, product and cash register. Conceptual objects are 

mental or physical concepts towards which thoughts, feelings or actions are directed. 

For example, conceptual objects with regard to a college could be course and 

department. There is no sharp boundary between the two, and many objects have 

both conceptual and physical aspects. For example, an agreement is a conceptual 

object, and when an agreement is signed as a document, it becomes physical. People 

and organisations act as participants in a domain. For example, a participant could 

act as a buyer, teacher, or a cashier in the domain. A transaction is a logging or 

recording of an event of significance, such as a sale or reservation. Places are also 
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considered as objects, and most of these can also be container objects. For example, a 

store is a container of cashiers, registers, products etc. [21, 56, 170, 184].  

If an object fits within the context of the domain’s responsibilities, then it has to be 

included as a data object in the solution domain. There will be a need to collect, store 

and maintain information about such objects in the application domain, which are 

then also referred to as entities. Therefore, entities usually denote persons, places, 

things, events, and organisations of informational interest. An entity type will have a 

group of entities with the same properties. For example, an employee is an entity, 

and when all employees share the same properties such as name, date of birth, 

qualification and salary, they are grouped together to form an entity type, which 

could be called Employee. But in general, the term “entity” refers to the entity type. 

Specific examples of an entity are also called instances. Entities can sometimes 

represent the relationships between two or more objects. This type of entity is known 

as an associative entity. 

An application domain has data objects that are used by the functions of the domain. 

Objects of a domain are mainly identified by identifying and defining the features or 

functions (process, activity or task) of the domain [13, 16, 32]. The Object-oriented 

paradigm is now the most commonly used approach for domain-modelling. In OOSE 

(Object Oriented Software Engineering), the objects and the functions are identified 

from the use-case model. The data objects are grouped to form classes. A class is 

similar to an entity type, which describes similar objects and their attributes with 

additional features such as methods or operations carried out on objects. There are 

three different views that are commonly used in the definition of a class [21, 41, 101, 

137]. 
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• A class is a pattern, template, or blueprint for a category of structurally identical 

items. The items created using the class are called instances. This is often referred to 

as the “class as a ‘cookie cutter’” view.  

• A class is a thing that consists of both a pattern and a mechanism for creating items 

based on that pattern. This is the “class as an instance factory” view; instances are 

the individual items that are “manufactured” (created) using the class’s creation 

mechanism. 

• A class is the set of all items created using a specific pattern, that is, the class is the 

set of all instances of that pattern.  

4.3.2 Categorisation of Objects and Relationships among 
Objects in a Domain 

Objects can be categorised in many ways, depending on the need of the application 

domain. One of the main classification methods is based on the type of the object, 

such as people, roles, activities, and resources [56, 137]. These categories are 

organised in and referred to as many similar categories in different approaches. For 

example, in explaining a dimensional model to model data, which is an alternate to 

entity relationship model, dimensional design patterns (DDP) of the domain are 

classified as temporal (when), location (where), stakeholder (who), action (what is 

done or accomplished), object (what), and qualifier (why). Each of these is 

represented as aggregates of classes. For example, a temporal DDP is represented as 

an aggregate of the traditional calendar year, fiscal calendar, time, and special period 

classes. The location DDP class relationships are represented as an aggregate 

relationship which captures the location and operational attributes of a facility such 
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as the facility’s purpose, individuals associated with managing the facility, locale, 

contact or communication data, and its physical (or configuration) characteristics. A 

stakeholder can be associated with and described by an organisation or a role. The 

action is a work or behaviour, and an object can be conceptual or physical [99].  

Relationships are associations and dependencies between entities. Relationships 

among objects can be of two types. The first type is generic relationships, which are 

used to organise objects using generalisation/specialisation, etc. These are also 

referred to as containing relationships. The two primary ways of organising objects 

or two kinds of generic relationships among objects are, AKO (a-kind-of, 

generalisation-specialisation) and APO (a-part-of, aggregation). Many other kinds of 

relationships such as AEO (an-element-of) and AVO (a-view-of) are also used to 

define and categorise objects [150, 184]. The second type of relationship is the 

contractual relationship, which is also referred to as using relationships. An object 

has a contractual relationship with another object, if it obtains information from, 

provides information to, requests action from, or notifies that some event has 

occurred to, the other object. Typically, a relationship is indicated by a verb 

connecting two or more entities. For example, employees are assigned to projects 

[97, 178].   

4.3.3 Object Categories Used in the Proposed Method 

In this research, objects are classified as things, people, business 

places/organisations, events, and locations, as in many other approaches. Things are 

physical or conceptual objects in the domain. Out of these object categories, objects 

of the categories things, people and business places/organisations are used to define 
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tasks of the domain. Queries of a domain request information about object/s in the 

domain. For example, the query List the flight times available to Singapore early 

November, in the application domain Flight Booking, requests information about the 

conceptual object flight schedule. Similarly, a query in the application domain 

Ordering Meal, could be List me the meals for lunch in Chinese Dragon. This query 

requests information about a physical object in the domain, which is meal, from an 

object of type organisation, Chinese Dragon. 

Objects of type events and locations are not used by themselves to define tasks. They 

will always be used with the other types of objects of the domain, to define the tasks 

of the domain. For example, the event reservation cannot be used to define a task of 

a specific domain. It could be used with the object seat, in the Theatre Seat Booking 

domain or it could be used with the object room in the Hotel Room Booking domain. 

Similarly, an object of the type location can be used with other objects such as 

person, organisations and things, to define a task of a domain. Hence, objects are 

classified based on their types as thing, person, organisation, event, and location, as 

shown in Figure 4.12. Tasks are defined based on objects of type thing, person and 

business place/organisation, which could be related to objects of type event and 

location.  
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Figure 4.12 Object categories based on their types  

4.3.4 Relationships among Objects  

Objects of an application domain may have relationships among them within the 

domain. As described in Section 4.3.2, relationships among objects can be of two 

types. The first type is generic relationships, which are used to organise objects using 

generalisation/specialisation, etc. These types of relationships are not used in this 

research as they are not used by the approach considered for the identification of the 

application domain. The second type of relationship is the contractual relationship. 

This is the type of the relationship that is used as part of the domain model in this 

research. For many domains, people and organisations have specific roles in the 

domain. A role can be a provider, publisher, adviser, and many more. A role that is 

common to many domains is the provider of the things in the domain. For example, 

doctor (person) and medical centre (business place) are providers of appointment 

(conceptual thing) in the application domain Booking Doctor’s Appointment. 

Similarly, consider the query List me the meals for lunch in Chinese Dragon in the 

application domain Ordering Meal. This query requests information about a physical 
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object in the domain, which is meal, from an object of type organisation, Chinese 

Dragon, which is a provider of meals. This contractual relationship is shown in 

Figure 4.13.  
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Figure 4.13 A contractual relationship among objects 

In addition to the relationship role, many other types of relationships could be 

present in a domain. 

4.3.5 Attributes of Objects in a Domain 

To capture information about an object, it is necessary to capture information about 

data elements associated with the object. For example, to capture information about 

an organisation’s employee, it is necessary to capture information like the 

employee’s name, address, sex, date of birth, department, designation, salary, 

educational qualifications, etc. These are data elements and are called attributes. 

Attributes are facts or information associated with an object, which are 

characteristics or properties of the object. An attribute serves to distinguish one entity 

type from another. Each entity type has a set of attribute types associated with an 

occurrence of the entity [56, 97, 137].  

Entities should have descriptive information associated with them. If an identified 
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data object is described by other objects, then it is an entity. If there is no descriptive 

information associated with an object, then it is an attribute, not an entity. Whether or 

not a data object is an entity may depend upon the domain being modelled [170, 184, 

214]. Attributes with the following qualities are chosen in a data model of the 

solution domain.  

• Include only attributes that are used by the system. 

• Attributes must be direct, not derived. 

• Attributes must be non-decomposable. 

 An attribute can contain only single values, never lists or repeating groups. 

Composite values must be separated into individual attributes. 

• They contain data of the same type.  

These attribute values, when taken together, determine the state or condition of the 

object. For example, to determine whether an employee is eligible for a promotion, 

attribute values such as employee’s current designation, educational qualifications, 

etc. need to be examined. Attributes are described by name, legal values (range, 

limit), unit of measure, data type, required (yes/no), and many more. If two objects 

are identified in two different domains with different names that are suitable in the 

domain, and if the attributes of the objects are the same, then they both represent the 

same object.  

4.3.6 Categories of Attributes  

Attributes of an object are categorised based on whether they can be used to identify 

the object. This is a common means of categorisation. Attributes either identify or 
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describe objects. For example, the ISBN of a book can be an identifying attribute of 

the book, whereas an author will be a descriptive attribute. In general, attributes that 

identify objects are called key attributes. Attributes that describe an object are called 

non-key attributes. Attributes are categorised into two kinds in a similar manner in 

this research, as identifying attributes and describing attributes. However, the 

identifying attributes need not be the key attributes. If an attribute can be used to 

identify an object, but may not be unique, then it is referred to as an identifying 

attribute in this research. For example, the ISBN of a book is an identifying attribute 

of the book. This could be the key attribute as well, when there are no multiple 

copies of the same book. Furthermore, title of the book is also considered as an 

identifying attribute in this research, as the title of a book can be used to identify the 

book. This is not a key attribute in general database applications, as it may not be 

unique.  

In general, systems can have key attributes added to the objects for the purpose of 

identifying an object uniquely. These attributes are often not known by an end-user. 

For example, a user borrowing a book in a library will not know the book 

identification number used by the library to identify a specific copy of a book. 

Similarly, a user ordering a product will not know the product identification number 

used by the system. Hence, the key attributes used by database applications cannot be 

used to identify objects, when the input to the system is a query given by the end-

user in English. Hence, the attributes are classified as identifying attributes and 

describing attributes in this research (Figure 4.14), where identifying attributes may 

not be the key attributes and may not be unique to an object, and are known to the 

users.  
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Figure 4.14 Categorisation of attributes 

4.3.7 Categories of Instances  

Instances of an attribute are categorised based on whether the instances are user-

specific or domain-specific, as shown in Figure 4.15. If an attribute instance is user-

specific, then the instances will have different values for different users. For 

example, in the application domain Booking Doctor’s Appointment, doctor will be an 

object, and the doctor’s name can be an attribute of doctor. However, a doctor is 

specific to a user, or a small group of users. John Michael can be the name of a 

doctor to a user, or to the users from the same area, such as a suburb. For another 

user, the same John Michael may be a lawyer, or may not have any meaning at all. 

On the other hand, if John Michael is the author of a book, he remains as an author 

for every user of the domain, which could be Ordering Books. At the same time, 

attributes such as meal name and country name are not specific to a user. They are 

common to all the users of the domain. For example, burger is the name of a meal to 

all users of the domain Ordering Meal.  

When an attribute instance is common to all users, then it is stored as part of the 

domain model. When the attribute instance is user-specific, then it is stored as part of 

the user profile. As explained in Section 3.3, user-specific instances can also be used 
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for the query expansion process. This categorisation of the instances will be used to 

find out where to search for a key term in order to find out the application domain of 

the user query. This is explained in Section 5.3. 

User-Specific Generic

Attribute Instance

 

Figure 4.15 Categorisation of attribute instances 

4.3.8 Attributes and Instances Not Considered 

As the purpose of the domain ontology and its components considered at this stage is 

identifying the application domain of the query, some attributes and instances of 

some attributes that cannot be used for the domain identification, are not considered 

in the domain ontology. Following is the list of attributes and instances that are not 

used in the domain ontology. 

• Attributes related to events 

The very common attributes that describe an object of type event are date and time. 

As instances of these attributes are too common to many events and hence domains, 

they do not have much significance in identifying a domain. 

• Attribute instances of type numbers and dates 

There are many attributes that are of type numbers and dates. As these attribute types 
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are too common to many entities and hence to domains, presence of a number or date 

in a query is not used to identify a domain. 

• Attributes that are usually introduced by the system  

In many systems, when the solution domain is designed, attributes, mainly the key 

attributes, are introduced for identification purposes. These are not known to the end-

users of the system. As the aim of modelling domains in this research is to identify 

the key terms in a user’s query in English, it is unlikely that these key attributes are 

in the query. Hence, the attributes that are usually introduced by the system are not 

considered to be part of the domain model. 

• Attributes representing relationships 

When databases are created, foreign keys that represent relationships among entities 

are also used to maintain the relationships. For example, consider the following ERD 

(Entity Relationship Diagram) in Figure 4.16. 

Hotel
is_in

Room Type

Hotel Name

Address

Room

Room Number

Hotel
is_in

Room Type

Hotel Name

Address

Room

Room Number

 

Figure 4.16 A relationship with foreign key 

When relations are created from this part of the ERD, the entity Hotel will have its 
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attributes Hotel Name and Address. The entity Room will have its attributes Room 

Number and Room Type, and it will also have the key attribute of the Hotel, which 

could be the Hotel Name, as given below. 

Hotel (Hotel Name, Address) 

Room (Room Number, Room Type, Hotel Name) 

These types of attributes that are used to maintain the relationships are not 

considered in the domain model. For example, the presence of Hotel Name in a query 

can be used to identify the entity Hotel, not the entity Room. 

• Instances of composite attributes 

Instances of composite attributes are not considered and hence not maintained in the 

domain dictionary or user profile. The purpose of maintaining the instances is to 

match with the key terms of the user query, for the domain identification purpose. 

When instances are composite, then they cannot be matched with the key terms, as 

key terms usually do not contain the complete value of a composite attribute. Hence, 

composite attributes are not considered in the domain model and in the user profile. 

4.4 Framework for Creating the Domain Ontology 

The most commonly used domain-modelling approaches have been explained in 

Section 4.1.4. The domain-modelling approach used in this research is presented in 

Figure 4.17. This is based on the approaches discussed in [91, 92, 152] where, given 

a generic domain model or foundational ontology, an individual application domain 

(one of the members of the family) or core ontology is created by tailoring the 
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domain model, given the requirements of the individual system.  

 

Figure 4.17 A Framework for creating domain ontologies 

Here, the Domain Knowledge refers to the knowledge about a domain, which is out 

there as part of the World Knowledge. The Domain Knowledge is not well defined. A 

domain expert will identify this knowledge through the domain analysis process. The 

Foundational Ontology (FO) has the components of the domain model, which have 

been explained in the previous section (Section 4.3). This model is the basis to all the 

application domains. The Instantiation refers to the process of physically 

representing the domain knowledge of a domain, using the Foundational Ontology. 

As a result, the Core Ontologies (CO) will be created for the application domains. 

Domain Knowledge 

Foundational 
Ontology 

Core Ontology - 
Application 
Domain 2 

World Knowledge 

Domain Experts 

Core Ontology -
Application 
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Domain1 Domain2
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This creation is a semi-automatic process in this research. 

4.5 Summary of Domains and Domain Ontology 

This chapter explains how domains were defined, modelled and used by researchers 

in various applications. Domains have been defined in this research as narrow task 

domains, so that the preferences of the domains can be specified and used for the 

query expansion. These domains have been classified based on the tasks, objects 

used by the tasks, classification of objects, relationships among objects, properties of 

objects, categories of properties, and categories of instances of properties. Objects 

have been classified as things, events, people, places, and organisations of the 

application domain. Relationships are associations and dependencies between 

entities. The type of the relationship considered in the domain classification is the 

contractual relationship, which is also referred to as using relationships. Attributes of 

objects have been categorised as identifying attributes and describing attribute, based 

on whether they can be used to identify the object. Instances of an attribute are 

categorised based on whether the instances are user-specific or domain-specific. 

These are defined in the foundational domain ontology, which can be used to define 

core ontologies for application domains. 
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CHAPTER 5 

Domain Identification  

As described in Section 3.3, the first step that needs to be carried out in order to 

expand user queries with contextual information is the identification of the domain of 

the query. The domain ontology and its components required for the domain 

identification have been explained in the previous chapter. This chapter describes 

various approaches that have been used to identify domains of texts, and the 

approach used in this research. This chapter also describes how the domain 

knowledge is used to identify the domain of the query. The weighting algorithm 

proposed to identify the domain, which considers eight different features to score 

domain weights, is also explained in this chapter.  

5.1  Domain Identification Approaches  

There have been many studies on domain identification methods that identify 

domains of queries, speeches and documents. These methods use domain knowledge 

such as domain ontologies, thesauruses and dictionaries, and statistical measures 
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such as term-weighting and co-occurrence of words. These are illustrated in Figure 

5.1, and the following sections briefly describe the methods that are used for the 

domain identification.   

Using Other 
Statistical Methods

Domain Identification  Approach

Using Thesauruses & 

Dictionaries

Using Domain Related Key Terms

Using Domain Ontology Using Corpus Based 
Thesauruses & Dictionaries

Using Term 
Frequency

Using Weighted Inverse 
Document Frequency

Using Relationships 
among Words

 

Figure 5.1 Domain identification approaches  

5.1.1 Using Thesauruses and Dictionaries 

Lexical resources such as dictionaries and thesauruses are used as knowledge bases 

to identify domains of keywords in queries and sentences. WordNet, which is an 

electronic lexicon, has been perhaps the most important and widely used lexical 

resource for natural language processing systems up to the present day. WordNet can 

also be seen as an ontology for natural-language terms. It contains around 100,000 

terms, organised into taxonomic hierarchies. Nouns, verbs, adjectives, and adverbs 

are grouped into synonym sets (called synsets). Each WordNet entry (that is, each 

synset) is followed by its sense, and is assigned with a unique sense identification 

number for easy retrieval and tracking purposes. The sense definition does specify 

the subject field in which the synset members are commonly used, such as biology, 

physics or chemistry. For nouns and verbs, the synsets are grouped into multiple 
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lexical hierarchies with different types of relationships. The most common 

relationships are the hyponym/hypernym (that is, is-a relationships) and the 

meronym/holonym (that is, part-of relationships) [58, 153, 222, 223].  

WordNet ontology has been widely used in the identification of senses and 

synonyms in applications with information retrieval, text classification, and question-

answering. However, WordNet cannot be used for the domain identification purpose 

in this research. The subject fields of the synsets are considered as domains in some 

approaches. But the subject fields are too broad, such as aviation and agriculture. As 

explained in Section 3.3, the purpose of the domain identification in this research is 

identifying and using user preferences for query expansion. User preferences are 

more specific in narrow task domains. These preferences cannot be completely 

defined and used when the domains become broad. 

A project to enrich the WordNet knowledge content uses WordNet together with the 

digital file of the Far East Dictionary to develop an integrated domain-specific 

lexical resource. The Far East Dictionary is an online resource, which contains 

information for each word entry, and also lists the domain information for each 

vocabulary item, wherever possible. Each lexical resource uses different domain 

taxonomy, which may be explicitly defined or implicitly assumed. Hence, when 

combining domain information from multiple sources, the establishment of a 

Common Domain Taxonomy (CDT) is crucial for both efficient representation as 

well as effective knowledge merging. Some of the domain taxonomies defined in the 

project are, Natural Science with Physics, Nuclear, Chemistry, Biology, Botany, etc. 

as sub-domains, and Applied Science with Medicine, Anatomy, Physiology, 

Genetics, Pharmacy, Agriculture as sub-domains [33].  
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However, the domains and their taxonomies used in the lexical resources and the 

above project are too broad, and hence cannot be used in this research. Furthermore, 

proper nouns are heavily used in user queries considered in this research. They are 

used for the domain identification purpose as well. Proper nouns have been proven to 

improve the results of question-answering systems and document retrieval [126]. 

WordNet and other popular lexical resources do not include many of the proper 

nouns and hence not used. 

5.1.2 Using Domain-related Key Terms  

An approach that is widely used to identify domains of the queries and documents is 

the use of domain-related key terms. There are mainly two approaches used in 

identifying domain relevant terms. One is the knowledge-based approach with 

particular domain/subject fields. This approach is based on deep knowledge of 

particular subject fields and is useful for restricted tasks. The other alternative 

strategy is the approach that relies mainly on corpus statistics. In general, the steps 

adopted to identify domain-specific terms are detecting terminological candidates 

from texts and selecting the specific entries that can be members of a terminological 

glossary in the target domain. Different parsing methods ranging from shallow 

techniques to more sophisticated syntactic approaches are used to identify candidate 

terms of texts [49, 93, 163, 176]. 

5.1.2.1 Using Domain Ontology  

In this approach, domain knowledge is used in the form of ontologies. These are 
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created for specific domains of interest using various sources such as articles and 

manuals, and other training materials that are manually identified in the domain. An 

ontology is an enriched thesaurus in which, besides the definitions and relationships 

amongst the terms of a given domain, more conceptual knowledge, by means of 

richer semantic relationships, is represented. In an ontological representation, domain 

concepts are organised and categorised in many ways, such as entities and 

relationships, and organisation and classification of entities. For example, in an 

approach to semantically tag terms for information extraction, the ontology consists 

of entities that are classified into physical entities and conceptual entities. Relations 

among entities of is-a and is-part-of nature are also used in the domain ontology to 

semantically tag terms in a domain [22]. In another approach, domain knowledge is 

organised as frames of concepts of the domain and the relationships between the 

concepts in the domain [42].  

Similarities between a text and the domains are identified by identifying candidate 

terms in the text, and by applying various scoring methods. The domain with the 

highest score is considered as the domain of the text. The major drawback of these 

methods of using domain knowledge is that they typically assume that all knowledge 

is available at the time when texts are processed. However, there are several 

proposals for automatic and semi-automatic acquisition of domain-specific terms 

from textual documents. For example, in a Keyphrase Identification Program (KIP), 

key phrases from Web documents are extracted using a thesaurus of human-

identified domain key phrases [236]. In another approach, core domain ontology is 

created manually, and is populated using corpus statistics [223]. A work described in 

[49] aims to extract ontologies from natural language texts about a given domain. 

The process aims to identify important terms in the domain, and then to identify 
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significant fragments containing the terms. These fragments of texts are interpreted 

to yield concepts, their properties and relations. 

Another research focuses on semantic tagging based on a domain-specific ontology, 

a dictionary–thesaurus and the overlapping coefficient similarity measure to 

semantically annotate words. This work was part of a project for an information 

extraction system in the field of maritime Search and Rescue (SAR). The ontology 

for SAR is an important component of the IE system. It is built using domain-related 

information such as aeroplane names, locations, organisations, detection means 

(radar search, diving), the status of a SAR mission (completed, continuing, planned), 

the instances of maritime incidents (drifting, overdue), and the weather conditions 

(wind, rain, fog). All this information was gathered from SAR manuals and from a 

sample of ten conversations. The ontology was designed to annotate the extracted 

words that are instances of the ontology. For each word not in the ontology, a 

concept-based representation is generated with similarity scores that provide 

information about the closeness of the word to the SAR domain [22]. 

5.1.2.2 Using Corpus-based Thesauruses and Dictionaries 

The other alternative strategy is the approach that relies mainly on corpus statistics. 

There have been voluminous works in this area. In many approaches, key terms of a 

domain are extracted from a manually selected domain-relevant corpus or training 

material to populate domain-specific dictionaries and thesauruses. Various similarity 

measures and statistical analyses such as weighting methods are used to identify the 

relevancy of terms in the domains from the corpus. In many of these approaches, 

domain knowledge is captured purely on the statistics of the occurrence of individual 
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words in the documents and on statistical dependencies that exist between words 

[166, 209, 222].  

The term-weighting technique has been widely investigated in information retrieval, 

and many techniques have been proposed. These techniques seem to be less 

dependent on the domain. The logic behind them is based on the fact that a writer 

normally repeats certain words (keywords) as s/he advances or varies arguments and 

when elaborating on aspects of a subject. Several term-weighting methods based on 

word frequencies have been used. The most frequently used ones are TF (Term 

Frequency), IDF (Inverse Document Frequency), TF-IDF and WIDF (Weighted 

Inverse Document Frequency) [129, 183, 199, 216].  

• Term Frequency (TF) 

The keyword frequency measure is less dependent on the domain than other 

weighting methods. Major approaches that are based on keyword frequency assume 

the fact that the keywords of the article appear frequently in the article, but appear 

seldom in other articles. The term frequency in a document or section of a document 

provides a measure of the importance of the term within the particular document or 

section of the document. However, frequency alone cannot be taken as a good 

indicator, as several frequently used expressions are totally irrelevant to the target 

domain. They are found to be more language-specific. Such expressions have similar 

distributions in different domain corpora. True terminology is tightly related to 

specific concepts, so that their use in the target corpus is highly different with regard 

to other corpora. Term frequency is extended in many ways to improve the frequency 

value of a term. These are used in several applications to extract keywords from 
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sections of documents, documents and the corpus [128, 182, 239]. 

For example, in an approach to extract key paragraphs using context dependency, 

articles from journals are taken manually for selected domains. Then, term-weighting 

methods are used to identify key terms of the paragraphs and the key paragraph of 

the article. In order to do this, articles from a corpus are selected, and domains of the 

articles are manually identified based on the title of the articles. Keywords of a 

paragraph are selected using the frequency of the keyword [8]. 

• TF-IDF (Weighted-Inverse Document Frequency) 

The TF-IDF weight (term frequency–inverse document frequency) is a weight 

widely used in information retrieval and text-mining. This weight is a statistical 

measure used to evaluate how important a word is to a document in a collection or 

corpus. The term weight is based on the frequency of a term in a single document 

(TF) and its frequency in the entire collection (the number of documents in which the 

term appears) (IDF). The importance of the term increases proportionally to the 

number of times the term appears in the document, but is offset by the frequency of 

the word in the corpus. The point of this method is that terms found frequently in 

relatively few documents are useful for getting the characteristics of a document. 

Terms that appear frequently in many documents are common terms, and do not have 

any special meaning. These terms are given low scores according to their inverse 

document frequencies [33, 160, 161]. Given a user query, variations of the TF-IDF 

weighting scheme are often used by search engines and other applications to score 

and rank a document’s relevancy. When querying a search engine, the same term-

weighting is applied to the query. However, the TF is usually equal to one in queries. 
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Then, the term-weighting is only based on IDF [160, 223]. 

• Other Corpus-based Statistical Measures 

In addition to TF and IDF measures, several other methods that are extensions and 

variations of the TF-IDF methods are also used by researchers to identify the 

relevancy of terms in domains. For example, in an approach to identify terms related 

to a domain, the specificity of a term with regard to the target domain is measured 

through comparative analysis across different domains. Since high frequency in a 

corpus is a property observable for both the candidate and non-candidate terms, the 

specificity of a term with regard to the target domain is measured by means of 

comparative analysis across different domains. A specific score, called Domain 

Relevance (DR), has been defined [28]. Given a set of n domains (D1,…, Dn) the 

domain relevance of a term t is computed as: 

 DR(t,Di) =     P(t Di) 

                            ∑= ni ..1

P(t  Di) 

where the conditional probabilities P(t Di) are estimated as: 

 P (t Di) =           freq ( t in Di) 
 

                                    ∑= ni ..1

freq (t in Di) 

In an experiment conducted for domain identification and keyword extraction for 

radio news, the radio news is manually classified into domains such as accident, 

economy, international, politics, and sports. In each domain, manually selected 

encyclopaedias are analysed to extract nouns that frequently appear in the domain. A 
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feature vector is calculated from the frequency of each noun in each domain (FeaVe). 

Next, the similarity between the FeaVe of each domain and each newspaper article is 

calculated by using formula (I). Finally, the domain that has the largest similarity 

between the unit of news and the feature vector of each domain is selected as the 

domain of the unit using formula (II). 

 Sim ( i, j ) = FeaVej . FreqVai                                                    (I) 

 Domaini = arg 
Nj ≤≤1

max  Sim (i, j)    (II) 

Here, i represents a newspaper article and j represents a domain. (.) represents the 

operation of the inner vector [208, 209]. 

In another application, to extract key terms of a domain, noun phrases from input 

documents are extracted. In order to calculate their scores, a glossary database 

containing domain-specific manual keyphrases and keywords, which provide initial 

weights for the keywords and sub-phrases of a candidate key phrase is used. The 

weights are automatically assigned to keywords and key phrases. A noun phrase’s 

score is defined by multiplying a factor F by a factor S. F is the frequency of this 

phrase in the document, and S is the sum of weights of all the individual words and 

all the possible combinations of adjacent words within a key-phrase candidate. The 

score of a noun phrase = F × S. The sum of weights S is defined as:  

 S = ∑=
N

i 1

Wi  +  ∑=
M

j 1

Pj 

where Wi is the weight of a sub-phrase within this noun phrase, and Pj is the weight 
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of a sub-phrase within this noun phrase [236].  

• Using Relationships among Words 

Relationships among words in a text are also used to add scores to identified domains 

of the texts. Various methods have been applied to extract relationships among words 

from text. These include methods based on rule-based approaches, such as 

predefined lexical patterns [20, 155] and templates [140, 172], and parsing of 

documents using domain-specific grammars [65, 67]. Various statistical approaches, 

mainly based on co-occurrence frequency counts were used to associate terms [154, 

203]. 

The co-occurrence method is based on the assumption that a pair of words that 

frequently occur together in the same document is related to the same subject. 

Therefore, word co-occurrence information can be used to identify semantic 

relationships between words [187, 188]. In some systems, the co-occurrence measure 

among two terms is calculated based on the frequency of the terms appearing 

together in a text. This calculation is extended in many ways. For example, along 

with the frequency, the distance between the two terms is also considered to improve 

the measure. In a method used to discover related terms, only the words that appear 

at a distance of up to two words are considered to be relevant [37]. Another system 

uses mutual information as a tool for computing the similarity between words. 

Mutual information compares the probability of the co-occurrence of two words a 

and b, with the independent probabilities of occurrence of a and b. 

I(a, b) =  log       P(a, b)  

                         P(a) P(b) 
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Here, the probabilities of a and b, P(a) and P(b), are estimated by counting the 

number of occurrences of a and b in documents and normalising over the size of 

vocabulary in the documents. The joint probability is estimated by counting the 

number of times that word a co-occurs with b, and is also normalised over the size of 

the vocabulary [212]. 

In another approach, distance among a noun–noun and a noun–verb pair in a domain 

is measured by the difference between the cardinal numbers of two words. A cardinal 

number is assigned to each verb and noun in sentences. The cardinal numbers are 

kept continuous across sentences in the same paragraph in selected documents of the 

domains. In general, if the distance is more than a selected threshold value, then the 

co-occurrence of the two terms will contribute in the domain identification process 

[34]. 

In contrast, term relations are also gathered on the basis of linguistic relations. Words 

appearing in similar grammatical contexts are assumed to be similar and therefore 

classified into the same class [73, 121]. A common method that is used to identify 

the relevancy among terms based on linguistic relations is the measurement of the 

tree distance among the terms. For example, as explained in Section 5.1.1, in 

WordNet, words are organised into taxonomies and the relevancy among two terms 

is measured based on the shortest path distance between the terms in the tree of 

taxonomy.   

5.1.2.3 Using Both the Corpus and Domain Knowledge 

Some researchers have combined statistical analysis with linguistic knowledge. 
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Domain ontology or organised domain knowledge is used to identify the key terms in 

the domain, and weights are assigned based on statistical analysis, such as frequency 

measures in related corpus. For example in [200], term classification is carried out 

based on verb complementation patterns. The complementation patterns are learnt by 

combining information found in a corpus and an ontology for the biomedical domain. 

Term recognition was performed by both looking up the dictionary of terms listed in 

the ontology and applying statistical methods. Domain-specific verbs were 

automatically identified from the corpus. 

In some systems, the core domain ontology is created manually, and is populated 

using corpus statistics. For example, in a work on developing an ontology 

management system, the ontology is constructed by defining a set of concepts. 

Semantic relationships among terms are distinguished according to three main 

categories, Broader Terms, Similar Terms and Related Terms. The Broader Terms 

relationship allows a set of concepts to be organised according to a generalisation 

hierarchy (is_ a hierarchy). With the Similar Terms relationship, a set of concepts 

that are similar to the concept being defined are given, each of which is annotated 

with a similarity degree. For instance, the concept Hotel can have as similar concepts 

bed and breakfast with a similarity degree of 0.6, and camping with a similarity 

degree of 0.4. The Related Terms relationship allows the definition of a set of 

concepts that are semantically related to the concept being defined. For instance, 

Travel Agency, Customer and Credit Card are concepts that are semantically related 

to the Hotel concept. Natural-language processing tools such as corpus processor, 

and named entity recogniser are used to identify the key concepts of a domain. 

Various statistical analyses are performed to identify the relevance of terms in the 

domain [223]. 
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5.2 Proposed Domain Identification Approach  

Out of the domain identification approaches explained in the previous section, the 

approaches that use domain ontology, dictionary and relationships among words are 

used in this research to identify the domains of queries. Section 4.3 explains the 

components and the structure of the domain ontology. The components of the 

domain ontology, objects, categories of objects, attributes of objects, categories of 

attributes, instances of attributes, categories of instances, and relationships among 

objects in the domain have also been described in Section 4.3.  

Each of the components of the domain ontology is used in different way to identify 

the domain. The presence of an object in a query is used to identify the domain of the 

query. The presence of an attribute of an object in a query is used to identify the 

object, and hence the domain of the query. The presence of an instance of an attribute 

in a query is used to identify the attribute, hence the object, and hence the domain of 

the query. When two objects of a domain are present in a query, then the probability 

for the query to be in the domain is high. If these two objects have relationships in 

the domain as defined in the domain ontology, then the presence of this relationship 

will further increase the probability for the query to be in the domain in which the 

two objects are present. The presence of an object along with its attribute or instance 

of an attribute will also increase the probability of the domain to which they belong 

to in the domain ontology.  

Furthermore, object categories are also used to decide the probability of the domains 

in which the object is present. For each identified object in a domain, the category of 

the object is used to identify the probability of the application domain of the query 
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when the object is present in the query. Similarly, an attribute category is used to 

identify the probability of the presence of an object in a domain. Figure 5.2 shows 

the components of the domain ontology. Arrows show the components that are 

identified by the other components in the process of the application domain 

identification.    

 

Figure 5.2 Domain and domain components identified by the components of the  

domain ontology 

A weighting algorithm that uses eight different features of the key terms in the query 

is used to score the domains to which the key terms belong. The domain with the 

highest score is selected as the domain of the query.  
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5.3 The Domain Identification Process 

Given a query, to identify the domain of the query, the stored domain knowledge and 

the weighting algorithm are used. As shown in Figure 5.3, this domain knowledge 

has the domain dictionary, domain ontology and the user profile. The domain 

dictionary and the user profile are used to identify and tag the key terms in the user 

query.  

TaggingQuery

Domain 

Dictionary

K
e
y

 te
rm

s a
n

d ta
gs

Identification 
of possible 
domains

User profile
Domain 

Ontology

Key terms, 

possible domains, 

& categorised tags in the 

domainAssigning 
weights to 
domains

Selection of most 
suitable domain 

& Tags

Possible Domains & their 

weights

Query domain, 
Key terms & 

Tags in the domain

Domain Knowledge

Query 
Pre-processing

Useful query terms and 

their stems

 

Figure 5.3 Framework for the domain identification process 

The next stage uses these tags to identify the domains to which these key terms 

belong. The domain ontology is used for this purpose. As a result of this stage, 

domains to which the key terms belong are identified as possible domains of the 
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query. Therefore, the next stage is to identify the most suitable domain out of the 

identified domains. A weighting algorithm, which assigns weights to all identified 

domains based on eight different features, is used for this purpose. These stages of 

the identification process are shown in Figure 5.3, and are explained below.  

5.3.1 Query Pre-processing 

When a query is issued, it is broken down into units of words and phrases. These 

units are referred to as terms in general. It is useful to perform some of the very 

commonly used pre-processing approaches, the removal of stop words and the 

identification of stems (root words) of the terms. These improve the performance and 

reduce the search time. 

5.3.1.1 Removal of Stop Words 

Often, queries contain words that are too common or general. These are usually 

articles (for example, the, a, an), adverbials or adpositions (prepositions and 

postpositions; for example, to, with). These words are called stop words. Stop words 

carry very little semantic content and are generally not used as key terms in 

searching. Many of the search engines ignore extremely common words in order to 

save space and/or to speed up searches. A list defining stop words is called a stop 

list. Stop words have been well analysed, and stop lists have been produced by 

various researchers in the past. However, there is no definitive list of stop words, as 

they can depend on the purpose of the search [75, 144]. A stop list can be used to 

remove the stop words from the extracted terms of the query. Hence, the outcome of 
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this process will be the term list with the terms of the query after removing stop 

words.  This step is illustrated in Figure 5.4, and the stop list used in this research is 

provided in Appendix D. 

 

Figure 5.4 Stop words removal 

5.3.1.2 Stemming 

Natural-language queries and sentences contain words that may be of different 

grammatical types and other variants of words that are derived from the same root 

word. For example, the word computer could appear in many linguistic forms 

including computers, computation, computing, computed, and many more. All of 

these words have a common root form called a stem, which is comput. A user query 

may contain different forms of a word that appears in the domain ontology. To make 

sure that this word will be matched with its morphological variants in the domain 

dictionary and ontology, it is important to use the stem of the word. Stemming 

algorithms, or stemmers, are used in many types of language processing and text 
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analysis systems, and are also widely used in information retrieval and database 

search systems.  

There are several types of stemming algorithms. Affix-removal algorithms are the 

most common. Affix-removal stemming algorithms remove affixes (suffixes or 

prefixes) from words, producing the stem that often closely approximates the root 

morpheme of a word. Stemming has proved to be useful in recall enhancement [62, 

162, 213]. The Porters stemming algorithm is used in this research to find out the 

stem of each of the terms extracted from the query, after removing stop words. The 

stems of the terms will be added to the terms list, if the terms are not the stems. 

When the term is different from its stem, then the original form of the term is also 

kept in the list of terms, as it will be used for weighting domains. This is illustrated in 

Figure 5.5.  

 

Figure 5.5 The stemming process 

5.3.2 Tagging 

The tagging process obtains the term list with stems and without stop words, and 

identifies and tags the key terms in the query. In order to do this, it makes use of the 
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dictionary and the user profile that are part of the domain knowledge. The dictionary 

contains entities, attributes and instances of attributes. The domain dictionary does 

not have the information about the domain/s to which an entity belongs and the 

attributes of entities. Attributes of entities are domain-dependent and hence are 

stored as part of the domain ontology. As explained in Section 4.3.7, some of the 

attribute instances are specific to users. These types of instances are stored as part of 

the user profile.  

The terms in the term list are matched with the terms in the dictionary and the user 

profile of the current user. The terms with a match are identified as key terms, and 

are tagged as entity, attribute, or instance of attribute, as identified during the 

matching process. A key term can acquire more than one tag. For example, the term 

burger can be tagged as an instance of a meal name, and an instance of an author 

name. The term author can be tagged as an entity, and can also be tagged as an 

attribute. This is because, depending on the requirements of the domains, author can 

be modelled as an entity in one domain, and as an attribute in another domain. The 

tagging process is illustrated below in Figure 5.6. Here, if a term T is associated to n 

tags, it is repeated n times, each time associated to a different tag. 

 

Figure 5.6 The tagging process 
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5.3.3 Identification of Possible Domains 

In this stage, the key terms and their tags identified in the previous stage are used to 

identify domains to which they belong. The domain ontology is used for this 

purpose. A key term that received a single tag in the previous stage can still belong to 

more than one domain in the same tag category. For example, a key term tagged as 

an entity in the previous stage can be an entity in more than one domain. Similarly, 

an attribute can be an attribute of more than one entity of different domains. An 

instance with a single meaning, and hence with a single tag, can still be an instance 

of more than one attribute. This is illustrated in Figure 5.7, and is explained with 

examples in Section 5.5.2. 

 

Domain Entity Attribute InstanceDomain Entity Attribute Instance
 

Figure 5.7 Relationships among the components of the domains and the domain 

To find out the domains to which a key term belongs, each key term is matched with 

its tag group, in each implemented domain in the domain ontology. For example, if a 

key term is identified as an entity in the previous stage, then it will have a tag as 

entity. Hence, in the current stage, the key term will be checked with all the entities 

that are present in all the domains in the domain ontology. If the key term is tagged 

as an attribute or instance of attribute, then the attribute is checked with all the 

attributes of all the domains in the domain ontology. When there is a match, the 

category of the key term in the domain is added to the tag of the key term. For 
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example, if a key term is tagged as an attribute in the previous stage, it could be 

tagged as a describing attribute of a domain in the current stage. Hence, the result of 

this stage will be the key terms, and for each key term, the domains to which it 

belongs, and the categorised tag in the domain, as illustrated in Figure 5.8. 

 

Figure 5.8 The process of identifying possible domains and categorised domain tags 

5.3.4 Assigning Weights to Domains 

The previous stage results in the key terms of the query, and for each key term the 

domains to which it belongs and the categorised tag in the domain. Once the domains 

of the key terms are identified, a weighting algorithm is used to assign weights to 

each of the identified domains. This algorithm assigns weights to domains based on 
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eight different features. These are the number of meanings or tags a term acquires, 

the number of domains a term belongs to with a specific tag, how significant the 

terms are in a domain, co-occurrence of the terms of the same term type of a domain, 

co-occurrence of the terms of the same path of the domain ontology tree in a domain, 

occurrence of entities that do have relationships in the domain as defined in the 

domain ontology, instances identified in the user profile, and the matching of key 

terms in their original form (not the stem). These scoring methods are explained in 

detail in Section 5.5. The result of this step is a list of domains and their weights, as 

illustrated in Figure 5.9.  
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Figure 5.9 The process of assigning weights to domains 
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5.3.5 Selection of the Most Suitable Domain and Tags 

This step is straightforward. It obtains the identified domains and their weights, and 

selects the domain with the highest weight as the most suitable domain. The tags in 

the selected domain with the highest weight are selected as the intended meanings of 

the terms in the query, as illustrated in Figure 5.10. When more than one domain has 

the highest weight, then all domains with the highest weight are given as possible 

domains. When no keyword is found in the domain dictionary and user profile, then 

no matching can be performed in the domain ontology. In such case, no keyword and 

hence no domain will be identified.  

 

Figure 5.10 Selection of the query domain, key terms, and tags in the domain 

Selection of the 
most suitable 

domain & tags 

Query domain, Key 
terms & their tags in 

the domain 

Query Domain: D4 

 

T1, entity category C1  
T3, attribute A1 of entity E1 
T3, attribute A3 of entity E5  
.. 
 .. 

Domains & their 
weights 

D1, weight W1 
D3, weight W2 
D4, weight W3 
D7, weight W4 
 
 .. 

 .. 

Query Domain: Flight Booking 

 

flight, thing  
Qantas, airline name  
ABC Travels, Travel Agency name 
.. 

 .. 

Example :



140 

5.4 Significance of Domain Components 

As detailed in the previous section, domains are assigned weights based on eight 

different features. In order to assign weights, domain entities, attributes and instances 

are assigned weights. These weights are based on their contributions in identifying a 

domain, which depends on the type of the terms as entities, attributes and instances, 

and their categories. The presence of an entity in a query should give a higher weight 

to the domain, compared to the presence of an attribute. This is because the presence 

of an attribute is used to identify the presence of an entity, which is used to identify 

the domain. Hence, the presence of an entity has less ambiguity in selecting the 

meaning of the term, compared to the presence of an attribute, which has less 

ambiguity compared to the presence of an instance of an attribute. Hence, an increase 

in the probability of the domain should be greater for the presence of an entity 

compared to the presence of an attribute, which is greater than the presence of an 

instance. This is illustrated below in Figure 5.11.  
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Figure 5.11 Comparison of term types in domain identification 
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For example, consider two queries in the domain Booking Doctor’s Appointment as 

Get me appointment times with Peter (Query 1), and Get me appointment times with 

a Doctor (Query 2). In query 1, if Peter is a Doctor of the user, then Peter will be 

identified as an instance of the entity Doctor. However, Peter could also have some 

other meanings, such as an Author. Comparatively, in query 2, it is more certain that 

the query contains the entity Doctor. 

Furthermore, the significance of a term in a domain will not only depend on its type. 

In addition to the type (for example, entity, attribute, instance), the significance of 

the term will be different, based on its category in the domain. Hence different 

weights are given to the terms based on their types, and their categories in the 

domain. These are explained in the following sections. 

5.4.1 Significance of Entities  

Entities in a domain may have different degrees of significance (importance) in the 

domain. The significance of an entity is decided based on whether the presence of the 

entity can be used to identify the domain. If the presence of an entity in the user 

query can be used to guess the application domain of the query, then in this research, 

the entity is referred to as a Significant Entity. As described in Section 4.3.3, entities 

are classified as things, people, and business places/organisations, events, and 

locations. Things are physical or conceptual objects in the domain. Of these entity 

categories, entities of the things, people, and business places/organisations categories 

are domain candidates, and have higher significance in identifying domains 

compared to entities of event and location categories. Events and locations are too 

generic, and can belong to large number of domains, compared to the other entity 
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categories.  

For example, a query in the application domain Flight Booking, could be List the 

flights available to any Asian country. The terms flight and country in the query are 

entities of the domain. Of these two entities, the presence of flight gives a better 

guessing of the domain, as compared to country. Therefore, entities of things, people, 

and business places/organisations type are considered as significant entities. Entities 

of event and location type are considered as non-significant entities, as illustrated in 

Figure 5.12.  

 

Figure 5.12 Significance of entities in domain identification 
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whether the presence of the attribute can be used to identify the entity. For example, 

in the application domain Ordering Meal, the attributes of the entity meal can be 

meal name, meal type and country of origin and the attributes of restaurant can be 

restaurant name, restaurant type and location of restaurant. Among the attributes of 

the meal, existence of the attributes meal name and meal type can be used to identify 

the existence of the entity meal and hence the application domain. But, the attribute 

country of origin, will have a value representing a country, and cannot be used to 

identify the entity meal. For example, consider the query List me the menus for lunch 

in Chinese restaurants. Here, the term lunch is an instance of the attribute meal type 

of the entity meal, and can be used to identify the entity. Chinese is an instance of the 

attribute country of origin, which cannot be used to identify the entity meal. 

As described in Section 4.3.6, the data-modelling community generally classifies 

attributes as identifying attributes and describing attributes. The same category is 

used here to decide the significance of an attribute. Identifying attributes will have 

higher significance in identifying entities and hence the domain, compared to 

describing attributes. However, as explained in Section 4.3.6, an identifying attribute 

is not necessarily the key attribute of the entity.  

5.4.3 Categories of Domain Components Based on 

Significance  

As described in Sections 5.4.1 and 5.4.2, entities and attributes in a domain have 

different degrees of significance in the domain. Based on the significance, entities, 

attributes and instances of a domain can be classified as shown in Figure 5.13. This 

classification forms a binary tree with entities, their attributes and instances in the 
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nodes. Proper names are the instances of the domain concepts, and they populate in 

the leaf nodes.  

 

Figure 5.13 Categories of domain components used for weighting 

The order of significance of entities, attributes and instances is decided based on this 

category, as illustrated in Figure 5.14. As it can be seen in Figure 5.14, some of the 
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Figure 5.14 Order of significance of categories of domain components 
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When the key terms of the query are tagged with the domain to which they belong 

and their category in the domain, a weighting algorithm is used to assign weights to 
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sections. 

5.5.1 Method (I) - Weighting Based on the Number of Tags 

in Each Key Term 

As described in Section 5.3.2, key terms in the user query are tagged using the 

domain dictionary and user profile. Terms are tagged as entities, attributes, or 

instances of attributes. A single term can acquire more than one tag. For example, the 

term Burger can be tagged as an instance of the attribute meal name and an instance 

of the attribute actor name. The term country can be tagged as an entity and also as 

an instance of the attribute country of airport. When a key term acquires a lower 

number of tags, then there will be less ambiguity. This provides more chances to 

identify the suitable tag for the term, that is, the intended meaning of the term in the 

query. Hence, terms with a greater number of tags should obtain less weight, whereas 

terms with a lower number of tags should obtain higher weights. This implies that the 

term weight of a term is inversely proportional to the number of tags the term 

receives. 

Term weight of a term     ∝                               1    (A) 

            Number of tags the term receives 

The confidence in these tags becomes higher when the number of implemented 

domains is high. When fewer domains are implemented, then the number of tags a 

key term will acquire will obviously be lower. However, the confidence about the 

meaning is also less, as the other domains are not implemented and not known. 

When the number of implemented domains becomes higher, and if the number of 
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tags still remains lower, then the confidence about the meaning is higher. This 

implies that the term weight of a term is proportional to the number of implemented 

domains. 

Term weight of a term   ∝     Number of implemented domains   (B) 

Combining (A) and (B), a value could be used in order to find out the term weight of 

a term. This value cannot be a constant, as it cannot be the same for all numbers of 

implemented domains. Therefore, it should be a function based on number of 

implemented domains.  Also, it should be a function that is related to the confidence 

about the selected tags. This confidence in the selected tags is related to the number 

of implemented domains. As the number of implemented domains increases, the 

value returned by this function should also increase. This growth will not be linear. 

For a lower number of implemented domains, the growth is approximately 

exponential, then the growth slows, and at maturity, the growth stops. Therefore, the 

function will produce a curve similar to that illustrated in Figure 5.15. 

No. of implemented domains
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Figure 5.15 Function for term weighting based on number of implemented domains 
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For each key term term i, the weight of the term when n number of domains are 

implemented will be: 

Term_Weight(term i ) =               1                      x  No. of implemented domains(n)  

  

             Number of tags of term i                                f(n) 

 

Therefore, for each identified domain domain d, the domain weight given by the first 

method, DW1, will be: 

DW1(domain d) =                  Term_Weight(term i )                                                                  

           (I)   

 

5.5.2 Method (II) - Weighting Based on the Number of 

Domains in Each Term with a Tag 

As described in Section 5.3.3, after tagging the key terms in the user query, the terms 

are used to identify possible domains using the domain ontology. A key term with a 

specific tag can belong to more than one domain. For example, the term Hilton can 

be tagged as an instance of a hotel name. With this tag, it may belong to the domains 

Conference Scheduling and Hotel Room Booking. Similar to the approach used in the 

previous weighting method (Section 5.5.1), when a key term with a tag belongs to a 

lower number of domains, then there will be more certainty in identifying the 

suitable domain for the term. Hence, a term with a tag belonging to a greater number 

of domains should obtain less weight, whereas a term with a tag belonging to a lower 

number of domains should obtain higher weight. This implies that the term weight of 

a term with a tag is inversely proportional to the number of domains it belongs with 
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the tag.  

Term weight of a term with a tag   ∝     1 

  
                                No. of domains to which the term with the tag belongs 

When fewer domains are implemented, then the number of domains to which a key 

term with a tag will belong will be lower. When the number of implemented domains 

becomes higher, and if the number of domains to which a key term with a tag 

belongs still remains less, then the term weight should be higher than that of the 

previous case. This implies that the term weight of a term is proportional to the 

number of implemented domains. 

Similar to the previous method, the confidence factor of a term with a tag will also be 

related to the number of implemented domains. Therefore, in order to find out the 

term weight of a term with a tag, the function proposed in the previous method could 

be used in this method. 

Therefore, for each key term term i with tag j, the weight of the term when n number 

of domains are implemented will be: 

Term_Weight(term i , tag j  ) =                            1                                    x No. of implemented domains    
               No. of domains term i, with tag j belongs                              f(n) 

 

 

 The total weight a domain obtains from the tags will be the total of the weights of 

the terms identified in the domain. Therefore, for each identified domain domain d, 

the domain weight given by the second method, DW2, will be: 

DW2(domain d) =               Term_Weight(term i , tag j  )                                          (II)   ∑=
ddomainintermsofno

i
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5.5.3 Method (III) - Weighting Ba sed on the Categories of 

Key Terms in the Domain 

In this method, weights are allocated to terms based on the significance of their 

category in the domain. The significance of terms in domains based on their 

categories has been explained in Section 5.4. A term that has a single tag can obtain 

more than one weight, as it could belong to more than one domain and its category 

may vary across domains. As illustrated in Figure 5.14, a term could be tagged with 

ten possible categories across domains. Based on the extent to which a type can be 

used to identify a domain, a weight is allocated to each type. Hence, the weights 

given for each of the categories in a domain will be of the order of significance of the 

categories in the domain, as illustrated in Figure 5.16. 

Based on the significance, for each extracted term term i identified in the domain 

domain d, the weight of the term in the domain will be:  

Term_Weight(term i, domain d ) = Weight of the term category in the domain(domain d) 

For each identified domain domain d, the domain weight given by the third method, 

DW3, will be: 

DW3(domain d) =                    Term_Weight(term i, domain d ) 

          (III)   
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Figure 5.16 Order of the weights of the categories of domain components 

5.5.4 Method (IV) - Weighting Based on the Co-occurrence 

of Key Terms of the Same Type 

Terms are of type entity, attribute or instance, independent of the category as 

significant, non-significant, identifying and describing. For example, two terms can 

be identified in the same domain, whereby one can be a significant entity, and the 
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other can be a non-significant entity. Hence, they are of two different term 

categories. But they are both of the same term type, entities. This will apply to 

attributes as well. Two terms can be identified in the same domain, and one can be an 

identifying attribute of an entity, and the other one can be a describing attribute of 

the same entity. But they both belong to the same term type, attributes. This is 

illustrated in Figure 5.17, wherein domain components of same types are grouped 

and placed in shaded rectangles.  
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Figure 5.17 Domain components belonging to same term types 

When more than one terms of the same type of the same domain exists, it is more 

likely for the terms to have their meaning in the specific type in the domain. For 

example, in the query List the rice and noodles available in Chinese Dragon, both 

rice and noodles are instances of meal name in the application domain Ordering 

Meal. Hence, it is more likely for the terms to have the meaning of meal name, 
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compared to any other meaning they may get in other application domains. 

Therefore, an additional weight is added to the domain, based on the presence of 

terms of the same type in the same domain. This includes entities of the same 

domain, attributes of the same entity of a domain, and instances of the same attribute 

of an entity in a domain.  

A weight equal to the average of the weights of the categories of the terms is added 

to the domain weight for the presence of an additional term of the same type in the 

domain. For example, if a significant entity and a non-significant entity of the same 

domain are present, then a weight equal to the average of their weights, which will be 

(weight of a significant entity + weight of a non-significant entity)/2 will be added to 

the domain. 

Therefore, for each identified term type termtype t in a domain domain d, weight of 

the term type: 

TermType_Weight(termtypet , domain d )= ( No. of terms identified in the same type 

                              in  domain d – 1)  x  

            Average weight of term categories in domain d 

Here, the weight of a term category will be same as the weight used in Method (III). 

For each identified domain domain d, the domain weight given by the fourth method, 

DW4, will be: 

DW4(domain d)  =                TermType_Weight(termtype t, domain d ) (IV)   ∑=
ddomainintypestermidentifiedofno

t
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5.5.5 Method (V) - Weighting Based on the Co-occurrence 

of Key Terms in the Same Path in the Domain 

Hierarchy 

In weighting Method (IV) explained in the previous section, horizontal grouping is 

considered to assign weights to domains. In Method (V), weights are assigned to 

domains based on the presence of terms in the same path of the tree in the 

categorised domain components (Figure 5.13). For example, if an entity and its 

attribute are present, or an entity and instance of its attribute are present, or an 

attribute and its instance are present, the probability of the domain is increased in this 

method. This increment will be the average of the weights of the terms present in the 

same path in the domain. The following figure (Figure 5.18) shows the domain 

components in the same path. Here, the components in the same path and the path are 

lined with the same patterns.   

 

Figure 5.18 Domain components in the same path 
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For example, if a query in the domain Hotel Room Booking is Get me the rooms 

available in hotel Hilton, then the presence of hotel along with its instance Hilton 

gives an additional weight to the domain. This is because the certainty of the tags is 

greater, due to the presence of both the terms. Therefore, for each identified pair of 

terms in the same path of the hierarchy, the weight of the pair, pair_weight, in a 

domain domain d, will be: 

Pair_Weight(pair p , domain d )= Average weight of term categories in pair p in domaind 

 

Here, the weight of a term category will be same as the weight used in Method (III), 

which is based on the significance of the term categories in the domain. For each 

identified domain domain d, the domain weight given by the fifth method, DW5, will 

be, 

DW5(domain d)  =                Pair_Weight(pair p, domain d )   (V)  

 

5.5.6 Method (VI) - Weighting Based on the Presence of 

Related Entities 

Application domains have entities and entities have relationships within a domain. 

These relationships are stored as part of the domain ontology, and have been 

explained in Section 4.3.4. Presence of two entities in a query that have a relationship 

in an application domain can be used to add weight to the domain. For example, in 

the query List me the pizzas from Dominos, terms in the query that could be used to 

identify the application domain are Pizza, which is a meal name, and Dominos, 

which can be a Restaurant. But, in another application domain, Dominos could be 
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identified as an instance of a game. When the relationships among the entities are 

considered, meal has a relationship with restaurant in the domain Ordering Meal 

(meal is-provided-by restaurant). Therefore, Dominos could be a restaurant, rather 

than a game.  

An entity can be identified in a query from the presence of an instance of an attribute 

of the entity, from the presence of an attribute of the entity, or from the presence of 

the entity itself. A weight that is equal to the weight of the term category from which 

the entity is identified is given as the weight of the entity for the relation. Sometimes, 

an entity can be identified by the presence of more than one term of different 

categories. For example, an entity could be identified from the presence of an 

instance of an attribute of the entity and from the presence of an attribute of the 

entity. In such cases, the weight of the term category that has the highest weight is 

taken as the weight of entity for the relationship. 

For example, in the query List me the rooms available in hotel Hilton, the entity hotel 

of the domain Hotel Room Booking is present in the query, which can be identified 

by the presence of the entity hotel and by the presence of the term Hilton which is an 

instance of hotel name. Another entity of the domain room is present in the query 

and has relationship with the entity hotel, in the domain. For the relation between 

hotel and room, the weight of the hotel is taken as the weight of the significant entity 

hotel, than the weight of the instance of the identifying attribute hotel name (Hilton). 

Therefore, 

Weight of entity e for relationship r  =  Max (weight of term category by which  

                            entity e  is identified) 

Here, the weight of a term category will be same as the weight used in Method (III), 
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which is based on the significance of the term categories in the domain. The weight 

of a relationship in a domain will depend on the weights of the entities taking part in 

the relationship. Hence the weight of a relationship relationship r between entities e1 

and e2 will be: 

Relationship weight (relationship r ) = (Weight of entity e1 for relationship r  + 

      Weight of entity e2 for relationship r) / 2 

For each identified domain domain d, the domain weight given by the sixth method, 

DW6, will be, 

DW6(domain d) =           Relationship weight (relationship r )              (VI)   

 

5.5.7 Method (VII) - Weighting Based on User Preferences 

As explained in Section 5.3.2, the domain dictionary and the user profile are used to 

tag terms and their stems. The user profile consists of generic user preferences and 

domain-specific user preferences. If a term is matched with a domain-specific user 

preference, then that itself gives a clue about the domain. For example, if the current 

user’s domain-specific user preference has Peter as the doctor name in the 

application domain Booking Doctor’s Appointment, and if the query issued by the 

user has the term Peter, then Peter will be tagged as an instance of the attribute 

doctor name. At the same time, the probability for the domain Booking Doctor’s 

Appointment could also be increased, as the preference is in that domain. Hence, if a 

term is tagged from the domain-specific user profile, then an additional weight is 

given to the domain in which the preference is identified. 

For each term term t identified from user profile in domain domain d, the domain 
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weight given by the seventh method, DW7, will be, 

DW7(domain d) =                     Term weight ( term t, domain d )                  (VII)   

Here, the weight of a term category will be same as the weight used in Method (III), 

which is based on the significance of the term categories in the domain. 

5.5.8 Method (VIII) - Weighting Based on the 

Morphological Form of the Key Term and Domain 

Component 

When terms are extracted from the queries after removing the stop words, stems of 

the terms are also added to the terms list for tagging. If the original term and its stem 

are the same, only the original term is maintained in the term list. This has been 

explained in Section 5.3.1.2. The terms in the list are then tagged as entities, 

attributes and instances by the tagging process. Next, their tags are extended by 

identifying the domains to which they belong. Hence, there will be matching of the 

terms list with the domain dictionary and user profile, which is continued in the next 

step by matching key terms with the domain ontology. These matching processes 

will therefore use the original terms and their stems, if the stem is different from its 

original form. On the other hand, these will be matched with the original form, and 

the stemmed form (if it is different) of the stored domain dictionary, user profile and 

domain ontology.  

Hence a query term will be matched with domain terms in four ways: the query term 

matched with the domain term, the stem of the query term matched with the domain 

∑=
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term, the query term matched with the stem of the domain term, and the stem of the 

query term matched with the stem of the domain term. This is illustrated in Figure 

5.19. If the original form of the key term is matched with the original form of the 

terms in the stored domain knowledge, then the degree of certainty in matching is 

greater than that of matching with stems.  

Figure 5.19 Combinations of matchings between query terms and domain terms 

For example, if the query has a term as booking, then the terms list will have both 

booking and its stem book. Booking could be matched with the entity booking in 

Theatre Seat Booking and Flight Booking domains. Book will be matched with the 

entity book of Ordering Books. However, the matching made with the original form 

booking should obtain a higher weight compared to the matching with the stem, 

book. Therefore in this method, weights equal to the weights of the term categories is 

given to the terms that are matched in their original form with the original form of 

the terms in the domain ontology and user profile. 

Hence, for each term term t in its original morphological form in the query, matched 

with the original morphological form of the domain component stored in the domain 

knowledge in domain domain d, the domain weight given by the eighth method, 

Query term Domain term  

Stem of query term Stem of domain term  
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DW8, will be, 

 

 

DW8(domain d) =                              Term Weight (term t, domain d)  (VIII)   

 

 

Here, the weight of a term category will be same as the weight used in Method (III), 

which is based on the significance of the term categories in the domain. 

5.5.9 The Total Domain Weight 

The total weight for each identified domain will be contributed by each of the 

component weights identified in Methods (I), (II), (III), (IV), (V), (VI), (VII) and 

(VIII). The significance of the contributions is not the same for all the methods. 

Methods (I), (II) and (III) get weights for all queries. Methods (IV), (V) and (VI) 

obtain weights only when more than one term of the same domain is present in the 

query, with certain criteria. When more than one term of a domain is present in a 

query, and when these terms have some relationship in the domain (same term type, 

same path in domain hierarchy and contractual relationship), then the certainty about 

the domain is high compared to the other methods.  Method (VII) makes use of user 

preference, where the user preference is domain-specific. This increases the certainty 

of a domain as compared to other methods. Therefore, contributions of Methods 

(IV), (V), (VI) and (VII) are proposed to have twice the importance as compared to 

the rest of the methods in the total weight.  

 Hence, the total weight of a domain domain d will be: 
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Total Weight (domain d ) =                DWi(domain d ) +  2             DWi(domain d )   

5.6 Summary of the Domain Identification Approach 

This chapter presents various domain identification methods that identify domains of 

queries, speeches and documents. Of the domain identification approaches used by 

researchers, the approach that uses domain ontology and dictionary is selected to be 

the most suitable for this research, in order to identify domains of queries. The 

overall framework for the proposed domain identification and the domain 

identification algorithm are also explained in the chapter. Each of the eight weighting 

methods is also explained in detail in the chapter.  

 

∑−= 8,31i
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CHAPTER 6 

Query Expansion with Missing 
Information 

Once the application domain of the query has been identified, the query can be 

expanded with essential and useful information required to process the query. This 

information is found to be similar in a group of application domains with similar 

activities. Hence domains are grouped at this stage and these groups are explained in 

this chapter. The information required for query expansion is also dependent on the 

task types intended in the queries. Keywords in the query and their tags in the query 

domain are identified during the domain identification process. These tags, along 

with some other information present in the query, are used to identify the task 

intended in the query. Also explained in this chapter are the task types considered by 

the system, the rules for the identification of task types, information required for this 

task identification, and the essential and useful information required for the query 

expansion for each of the task types in each of the domain groups. 

6.1 The Query Expansion Process 

Query expansion methods add useful terms to the user query before processing it. 
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Some of these query expansion methods use contextual information related to the 

user and the query. The important query expansion methods that have been used by 

researchers, the need for context usage in query expansion, and types of contexts that 

could be used for the query expansion have been described in Chapter 2. The query 

expansion with contextual information that is user, domain, and task specific is 

considered in this research. The main steps necessary for this query expansion and 

the requested contextual information in each of these stages have been explained in 

Section 3.3. As described in this section, when the user query is accepted, the 

application domain of the query is initially identified. Identification of the 

application domain of user query, the domain model used for this identification, and 

the weighting algorithm used to rank the identified domains have been explained in 

Chapters 4 and 5.  

Once the application domain of the query is identified, the query can be expanded 

with the missing information that is required to process the query. During the domain 

identification process, many of the keywords in the query and their tags in the query 

domain are identified. These tags and other information present in the query are used 

to identify the information required to process the query. This information is found to 

be dependent on the application domain of the query and the type of the task to be 

performed by the system, based on the query. Some tasks require information 

essential for processing. Other tasks, such as listing, can be processed without further 

information. However, these tasks can produce better results when more useful 

information is provided for processing. The main steps necessary for the query 

expansion with this essential and useful information are illustrated in Figure 6.1 and 

are explained in the following sections.  
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Figure 6.1 Main steps of the query expansion with missing information 
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6.2  Placing a Query in the Suitable Domain Group  

Identification of the type of the task to be performed and the information essential and 

useful for query processing is found to be similar across groups of application domains. 

Hence in this stage, the application domains are grouped based on the main activities 

carried out in the domains, as shown in Figure 6.2. Here, the grouping is made in such a 

way that the information essential and useful for query expansion is the same for the 

domains in the same domain group.  

Application 
Domain 1

Domain Group A Domain Group B

Application 
Domain 4

Application 
Domain n

Application 
Domain 3

Application 
Domain 8

Application 
Domain n-4

 

Figure 6.2 Grouping of application domains 

As explained in Section 4.2, application domains are defined based on tasks that act on 

objects of the domains. These tasks will be similar in several application domains, but 

will treat different objects in different domains. For example, the task ordering can be 

common to the domains Ordering Meal, Ordering Books, and Ordering Computers. It 

treats different objects in the domains, which are meal, book, and computer respectively. 

Therefore, the tasks or the main activities will belong to one and only one domain group 

and the domain groups are mutually exclusive. Hence the grouping will form a forest of 

domain group trees.  
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By analysing the training queries and queries from various sources, and by analysing the 

task classifications proposed by researchers, five of the main domain groups related to 

the collected test queries are identified and used in this research. These are ordering, 

scheduling, reserving, hiring, and travelling. These domain groups and some examples 

of application domains belonging to these domain groups are listed in Table 6.1.  

 

Domain Group Description Example of Application 
Domains 

Ordering Involves ordering products to purchase 

them. 

Ordering Meal, Ordering 

Furniture, Ordering Books 

Scheduling Involves allocation of resources to jobs, 

activities, tasks or customers over time. 

Booking Doctor’s Appointment 

Fixing a Meeting Time  

Reservation 

 

The act of reserving a place or 

engaging the services for a period of 

time. 

Hotel Accommodation Booking 

Theatre Seat Booking 

Hiring 

 

Involves the temporary use of a good or 

property owned by another person or 

company. 

Library Book Rental 

Vehicle Rental 

Travelling 

 

The act of going from one place to 

another.  

Flight Booking  

Travel Direction Guide 

Table 6.1 Domain groups and application domains 

Here, an application domain such as Flight Booking of the travelling domain group 

could also be thought of as a reservation. However, the information required for 

processing and hence for query expansion is not the same for the domains in the domain 

group reservation and the domain Flight Booking of the travelling domain group. 

Therefore, the domain group travelling is separated and the domain Flight Booking is 
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placed in this group. 

When the domain expert adds an application domain to the system, it also has to be 

placed in the appropriate domain group by the domain expert. This information is stored 

as part of the domain model which is a component of the context model, as shown in 

Figure 6.1. 

6.3 Identification of Task Type Required to Be Performed 

As the information used for the query expansion varies depending on the domain group 

of the query and the type of the task to be performed by the system, it is necessary to 

identify possible task types carried out by the system. A task is defined as “An activity 

that should be performed in order to reach a goal” [68]. Various applications and 

researchers that use task context are described in Section 2.2.4. As described in Sections 

3.2 and 3.3, in this research, a task model that is part of the context model is used to 

identify the task type conveyed in the query. Task taxonomies have been developed and 

used in a variety of studies. Most of these classifications are optimised within a specific 

application domain such as office automation, city planning, and medical diagnosis [64, 

190, 215]. Some classifications focus on broader domains such as the users’ web usage 

[103], and some are independent of the domains [201, 220]. More often, task categories 

are assumed to be mutually exclusive. These classifications are explained in the 

following section, and the classification used in this research is provided in Section 

6.3.2.   
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6.3.1 Task Types  

The user gives tasks, and system’s behaviour or system tasks are based on these user 

tasks. User tasks are entirely performed by the user, while system or application tasks 

describe actions performed by the system. Tasks are categorised and modelled for 

various purposes. Examples include interface design, knowledge modelling and object-

oriented logic programming. In interface design, interfaces provided to users are decided 

by the system based on the task [98, 215]. In knowledge modelling, tasks and the sub-

tasks are modelled in order to identify the knowledge needed by each of the task and 

hence by the system [197]. In object-oriented logic programming, for each task, the 

objects and their behaviours are decided based on a set of domain rules [35]. 

For example, in presenting how city planners seek information through different 

information channels depending on the type of work tasks done and the information 

types needed, tasks are categorised, and each task is found to fetch information through 

various information channels. The core tasks identified are the actual planning and the 

writing of surveys. Other types of tasks that support the performance of core tasks were 

also identified in this study. They are management, support, counselling, training, and 

environmental scanning [190]. A report on a diary study of the knowledge workers’ 

activities over the course of a workweek, aimed at characterising how people interleave 

multiple tasks and interruptions. The main categories of the tasks identified in this 

domain were schedule preparation, checking and responding to e-mails, creating charts 

for meeting, editing Word documents for meetings, and meetings [48]. 

In an approach to generate a user interface from the task model, the task is seen as an 
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object, which is an instance of the task class. The task class is studied as an entity using 

four components, the input interface, the output interface, the resources, and the body 

[133]. In a discussion about a faceted classification system of information interactions, 

the classification scheme is used in the investigation phases in framing the collection of 

data and in the analysis of already existing data. The different types of information 

interactions and the purpose of information interactions identified are create, modify, 

organise, preserve, disseminate, access, evaluate, modify, comprehend, and use [89]. In 

designing information visualisation techniques with better usability levels, the tasks 

intended to support the multidimensional visualisations are classified, taking into 

account the generic objectives that a user has when using such techniques to perform 

analyses. This task taxonomy includes locate, identify, distinguish, categorise, cluster, 

distribution, rank, compare, associate, and correlate [220].  

In exploring how factors such as tasks and individual differences influence the usage of 

different web browser navigation mechanisms, users’ web usage was categorised in a 

broader aspect into fact-finding, information gathering, browsing, and transactions. 

Here, fact-finding refers to looking for specific facts, files, or pieces of information. 

Information-gathering concerns collecting information from various sources in order to 

make a decision, write a report, complete a project, etc. Browsing is about viewing web 

pages with no specific goal in mind, often just for entertainment. Transactions refer to 

actions, such as e-mail or banking [103]. Another study creates taxonomy of user tasks 

for the Web, based on the analyses of most frequent tasks performed by users while 

using Web applications. This study describes patterns for user tasks, independent of the 

domains, in terms of six classes. These are, use information, locate on page, go to page, 
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provide information, configure browser, and react to environment [27].  

The tasks considered in [219] are informational, which perform listings. These tasks are 

classified based on the types of information sought by the user as general background 

information, faceted background information and specific information. General 

background information is information that cannot be described in detail and is used to 

frame the task (for example, internal communication). Faceted background information 

is information about the broad sub-fields of the topic (for example, obstacles in internal 

communication). Specific information refers to information expressed in detail (for 

example, Intranet as a means for facilitating internal communication). In another study, 

user queries are classified into three according to the intent of the query. These are the 

topic-relevance task (informational), homepage-finding task (navigational), and service-

finding task (transactional) [24].  

6.3.2 Task Types Used in the Proposed System 

The types of tasks considered in this research are system tasks, that is, the tasks that 

have to be performed by the application. As explained in Section 6.1, in this research, 

the purpose of the task classification is to identify contextual information required for 

query expansion. A task classification that is independent of the domains and domain 

groups is found to be suitable for the required query expansion. In this classification, 

systems tasks are categorised based on the type of processing involved as listing, 

creating, changing, and deleting. This classification is similar to that of the query types 

used in a structured query language (SQL) as select, create, update, and delete 
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respectively. Listing is informational, which needs only the read action, whereas the 

others need to perform the write action. Create needs to add data to data source/s, change 

needs to modify the existing data in the data source/s and delete needs to perform 

removal of data from the data source/s. These task types are shown below in Figure 6.3.  

  

Figure 6.3 Tasks categories 

Among these task types, only the types list and create are considered in this research. A 

list task is informational, while a create task is transactional. Informational tasks request 

listing of information in domains. The transactional type requests are about performing 

activities such as ordering and scheduling which request creation of new instances 

related to the requirement. Informational queries can always be processed with the 

information provided in the query. However, when more useful information is provided 

for processing, better filtering of information can be undertaken. This helps to narrow 

down the searching, resulting in a fewer number of results, but which are more relevant. 

On the other hand, as the transactional type queries create new instances based on the 

tasks, they require information that is essential for the creation. 

As described in Section 3.3, in this research, the information that is relevant and 

System Task 

List  Create Update Delete 
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valuable for the list task is referred to as useful information in the query expansion 

process. When the user task requests a creation in the data source, then certain 

information is essentially required for that creation. Without this information, the 

creation task cannot be performed by the application. In this research, the information 

that is compulsory for the creation task is referred to as essential information for the 

query expansion. Figure 6.4 shows the types of contextual information used for the 

query expansion and their relationships with the task types considered in the research. 

Contextual Information for 
Query Expansion

Essential Information Useful Information

Task Type

Create List

Is-necessary-to Is-valuable-to

- is-a(n)

Contextual Information for 
Query Expansion

Essential Information Useful Information

Task Type

Create List

Is-necessary-to Is-valuable-to

- is-a(n)
 

Figure 6.4 Contextual information used for the query expansion and their  

relationships with task types 
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6.3.3 The Task Model 

As described in the previous sections of this chapter, the tasks considered for the query 

expansion are create and list. In order to decide on the next step of the query expansion 

process that identifies the information required for the query expansion, it is necessary to 

identify the type of the task to be performed by the system.  

The domain identification process extracts most of the keywords in the query and tags 

them in the domain. These tags are the types of keywords and their categories in the 

domain, as explained in Section 5.3. Keywords are categorised and tagged as entities, 

attributes, and instances. For all of these key terms, the entity to which they belong, and 

the type of the entity in the domain, that is, thing, person, location, business 

place/organisation, are already known. For example, let the domain of a query be 

Ordering Meal and a keyword identified in the query be burger. This could have been 

tagged as an instance of the property meal name of the entity meal, where meal is 

categorised as a physical thing in the domain Ordering Meal of the domain ontology. 

Hence, independent of the type of the key term as entity, attribute, or instance, the entity 

to which the key term belongs, and the entity type are already known.  

Along with these entity types, more information present in the user query is also used to 

identify the task. This includes action verbs and question types present in the query. The 

task model that is part of the context model accommodates the action verbs and question 

words, as illustrated in Figure 6.5. The components of the task model that are required at 

this stage are explained in the following sections. 
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Figure 6.5 Components of the task model 

6.3.3.1 Action Verbs 

Action verbs express actions that can be performed in the domain. These action verbs 

are useful in identifying the task type conveyed in the query. They are found to be the 

same for the domains in a domain group. For example, action verbs that belong to the 

domain group ordering include order, buy, and purchase. These verbs are independent 

of the products that are ordered and hence are the same for all the application domains of 

the domain group. The main domain groups used and examples of some of the action 

verbs in the groups are listed in Table 6.2. 

Here, the action verbs get and have are found to be common across domain groups and 

have different behaviours compared to the other verbs. The action verbs other than get 

and have reflect tasks that request creation in the data source. For example, the query 

Book me an appointment with Dr Charles, needs to create a record in the doctor’s 

appointment diary. The action verb get could act exactly like the other action verbs in 

 
Task Model 

 
Action Verbs 

 
Question Words 
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some instances and could also act like a list task in other instances. For example, in the 

query Get me an appointment with Dr Charles, get acts like the verb book or schedule. 

In the query Get me the doctors in Parramatta, get reflects a listing process rather than a 

creation.  

Domain Group Event and Action Verbs of the Domain Groups 

Ordering  Buy, Order, Purchase, Get, Have  

Scheduling Book, See, Meet, Schedule, Get, Have 

Reservation Buy, Book, Reserve, Get, Have 

Hiring Hire, Rent, Get, Have 

Travelling Book, Reserve, Buy, Order, Get, Have 

Table 6.2 Action verbs of domain groups 

Similar to the verbs get and have, other verbs such as need, want, and give are also 

common to both the tasks list and create. As opposed to these verbs, verbs such as list 

and show exactly convey actions that request a list task. In this research, these action 

verbs that convey the list tasks are referred to as list-action verbs. The action verbs that 

convey the creation tasks are referred to as create-action verbs and the action verbs that 

are common to both create and list tasks are referred to as common-action verbs. These 

action verb categories are shown in Figure 6.6. Here, the create-action verbs are found 

to be domain-group dependent while the other two action verb categories are 

independent of the domain groups.  
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Figure 6.6 Action verb types 

As the common-action verbs are common to both of the task types, some additional 

information is used to identify the task conveyed in the query. It is found that, in most of 

the queries, when entities following a common-action verb can be related to or treated by 

a create-action verb of the domain group, then the common-action verb behaves as a 

create-action verb. Otherwise, the common-action verb behaves as a list-action verb. 

For example, in the query Get me a ticket to the movie, the entity following the common-

action verb get is ticket. Here, ticket can be related to a create-action verb of the domain 

group, that is, we can buy, book, or reserve a ticket. Hence the task conveyed in the 

query is create. If the query is Get me the movies showing, the entity following the 

common-action verb get is movie. Here, movie cannot be related to a create-action verb 

of the domain group, that is, we cannot buy, book, or reserve a movie in the domain 

group reservation (though we can buy a movie in the domain group ordering and reserve 

a movie in the domain group hiring). Hence, the task conveyed in the query is list. 

Therefore, a common-action verb followed by an entity/object treated by a create-action 

verb of the domain group reflects that the task conveyed in the query is create. 

Action Verb 

Create-Action Verb List-Action Verb Common-Action Verb 
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As entities that can be related to or treated by create-action verbs of domain groups are 

not based on any specific patterns or rules, these entities have to be identified manually 

and stored as part of the domain knowledge. For example, the entity restaurant, which is 

of the business place type, can be booked in the domain group reservation. This is 

because in this domain group, book will be a create-action verb, and restaurant can be 

treated by this verb (we can book or reserve a restaurant for a certain time period). 

However, a restaurant cannot be booked in the domain group ordering, as booking a 

restaurant is not about the activity ordering. Hence at this stage, in order to identify the 

task type, entities are categorised into two, based on whether they are treated by create-

action verbs of the domain group. These categories are shown in Figure 6.7. 

Entity

Treated by 
Create-action Verb

Not Treated by 
Create-action Verb

Entity

Treated by 
Create-action Verb

Not Treated by 
Create-action Verb

 

Figure 6.7 Entity categories to identify task type 

6.3.3.2 Question Words 

In addition to the action verbs, the presence of question words will also be considered in 

identifying the task type to be performed by the application. Examples of question words 

include what, when, why, how, where, who, and which. When a question word and an 

action verb are present in a query, then independent of the type of the action verb 
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present, the task type conveyed by the query is list. For example, the query Book me a 

flight to Singapore, requests a creation. Instead, if the query is How can I book a flight to 

Singapore?, When can I book a flight to Singapore?, or Where can I book a flight to 

Singapore?, then although a create-action verb of the domain group is present in the 

queries, the tasks conveyed are not create, but are list.  

6.3.4 Rules for the Identification of Task Types 

Based on the analysis explained in Section 6.3.3 and by making use of the categories 

explained in this section, a set of rules are defined to identify task types of the queries. 

These are explained below, and are represented in first order logic. Section 6.3.5 

describes these rules in a decision tree. 

6.3.4.1 Create Task 

The following rules are used to identify create tasks. 

 

RULE 1: 

When a create-action verb (creav) of the domain group (dg) of query domain (d) is 

present in the query (q), and if no question words (qwd) or list-action verbs (lisav) are 

present in the query, then the task type conveyed is create. 

∀ q  Is-query(q)  ^  Domain(q, d) 

    ^  Domain_gp(d,dg)   

      ^  (∃ creav  Create_action_verb(dg,creav)  ^  Contains(q, creav) ) 
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    ^  (∀ qwd  Question_word(qwd)  ^  ¬ Contains(q, qwd) )  

              ^  (∀ lisav  List_action_verb(lisav) ^  ¬ Contains(q, lisav) ) 

 ⇒  Tasktype(q, Create) 

RULE 2: 

When a common-action verb (comav) is present in the query (q), and no question word 

or list-action verb is present, and if an entity (e) of the query domain (d) follows the 

question common-action verb (comav) and if this entity is treated by a create-action 

verb of the domain group (dg) of the query domain (d), then the task type conveyed is 

create. 

∀ q  Is-query(q)  ^  (∃ comav  Common_action_verb(comav)  ^  Contains(q, comav) ) 

    ^  (∀ qwd  Question_word(qwd)  ^  ¬ Contains(q, qwd) )  

              ^  (∀ lisav  List_action_verb(lisav) ^  ¬ Contains(q, lisav) ) 

    ^  Domain(q, d) 

    ^  (∃ e  Entity(d ,e) ^  Follows(q, comav,e) ) 

    ^  Domain_gp(d ,dg) 

    ^  Treated_by_create_action_verb(e,dg) ⇒  Tasktype(q, Create) 

6.3.4.2 List Task 

The following rules are used to identify list tasks. 

RULE 1: 

When a question word (qwd) is present in the query (q), then independent of the action 

verbs present in the query, the task type is list. 
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∀ q  Is-query(q)  ^  ( ∃ qwd  Question_word(qwd)   ^  Contains(q, qwd) ) 

⇒  Tasktype(q, List) 

 

RULE 2: 

When a list-action verb (lisav) is present in the query (q), then independent of the other 

action verbs present in the query, the task type conveyed in the query is list. 

∀ q  Is-query(q)  ^  (∃ lisav  List_action_verb(lisav)  ^  Contains(q, lisav) ) 

⇒  Tasktype(q, List) 

 

RULE 3: 

When a common-action verb (comav) is present in the query (q), and if an entity (e) of 

the query domain (d) follows the question common-action verb (comav) and if this entity 

is not treated by any of the create-action verbs of the domain group (dg) of the query 

domain (d), then the task type conveyed is list. 

∀ q  Is-query(q)  ^  (∃ comav  Common_action_verb(comav)  ^  Contains(q, comav) ) 

    ^  Domain(q, d) 

    ^  (∃ e  Entity(d ,e) ^  Follows(q, comav,e) ) 

    ^  Domain_gp(d ,dg) 

    ^  ¬  Treated_by_create_action_verb(e,dg)  

⇒  Tasktype(q, List) 
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6.3.4.3 Rules in a Decision Tree 

The rules described in the above sections 6.3.4.1 and 6.3.4.2 can also be represented in a 

decision tree, as illustrated in Figure 6.8. Here, the intermediate nodes of the trees have 

the conditions, and the leaf nodes have the decisions as to whether the query requests a 

create task or a list task. The upper paths of the intermediate nodes are followed when 

the condition checked in the intermediate node is true. If a condition is false, then the 

lower path from the condition is selected. 

Figure 6.8 Rules for the identification of task types 
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6.4 Essential Information for Query Expansion 

When the task type conveyed in the query is identified and if the task type is create, then 

it requires some information essential to process the query. This is because the create 

task will create new instance/s in the data source/s. Domains are grouped into domain 

groups in such a way that the information that is essential for processing is the same for 

the domains within a domain group. This information can vary for different domain 

groups. The essential information is categorised independent of the domain groups, 

although some of the information types are specific to certain domain groups.  

6.4.1 Information Types Essential for Query Expansion 

For a query to be complete with preferences, it should have information such as what is 

requested (thing – item/service), from whom (provider), from where (location), and 

when (time). Information about what (thing) is required is not categorised as essential 

information, as it has to be present in the query in order to identify the domain and hence 

the domain group, and in some queries containing common-action verbs, to identify the 

create task. In addition to the types of preferences specified, some domain groups 

request additional information, such as length of service and how many of the items are 

required. The domain group travelling requires the start location and the end location 

Hence, the essential information are categorised into location (where), time (when), 

period (how long), numbers (how many), start location, and end location, in order to 

identify the essential information required to process a create task. These are shown in 

Figure 6.9 and are explained in the following sections. 



183  

 

Figure 6.9 Types of essential information required to process a create task  

• Location (Where) 

Here, where means the location from where the user wants to obtain the item/service 

(thing). For example, in the query Get me a ticket to the movie, the user requests a 

physical thing, which is ticket. Similarly, in the query Book me an appointment with my 

doctor, the user requests the conceptual thing appointment. In both these cases, the 

location is essential for processing the query. Providers in the application domain 

provide items and services. Providers can be persons (for example, a doctor) or business 

places (for example, a medical centre) and are in specific locations. Providers are 

optional for processing. For example, the query Get me a ticket to movies at Hoyts 

contains the provider Hoyts of the thing ticket. However, the location of the provider, 

which could be the town, suburb, or city of the provider, is compulsory for processing. If 

the query is Get me a ticket to movies in Parramatta, where Parramatta is a suburb, then 

Essential 
Information

Location 
(Where) 

Time 
(When) 

Period 
(How 
long)

Numbers 
(How 
many)

Start 
Location 

End 
location 



184  

it means that it can be in any cinema in Parramatta. Hence, the provider of an 

item/service is not essential for processing, but the location of the provider is essential 

for processing. 

The provider’s location becomes essential, mainly if the user has to go to the provider 

for an item/service. For example, in the domain group ordering, if the user wants to 

purchase a product online, then the providers’ location may be immaterial to the user. In 

such domain groups, the providers’ location will be optional. If the user wants to 

purchase offline, then the location of the provider becomes essential. In contrast, in 

domain groups such as hiring and reservation, where the user has to go to the provider, 

the location of the provider becomes essential. 

• Time (When) 

In many domain groups, the time at which a thing is required (when), is also found to be 

essential information for processing. It may not be essential in the domain group 

ordering, as when things are ordered, in some instances it means that they are required 

immediately (for example, Get me something to eat), and in some other instances the 

time at which a thing is required may not be very important (for example, I want the 

book Semantic Web Technologies by B. R. Rockman). In contrast, queries in other 

domain groups compulsorily require the time at which the thing is required. For 

example, the query Book me a car for three days in the domain group hiring essentially 

needs the day/time when the car is required. 
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• Period (How Long) 

Some physical (hotel room) and conceptual (doctor’s appointment) things are required 

or provided only for a certain period. This time period is essential for processing. In 

some application domains, this time period is fixed or decided by the provider. For 

example, in the domain Book Rental of the domain group hiring, the provider library 

usually fixes the period for which a book can be hired. At the same time, in the domain 

Vehicle Hiring of the same domain group, the user decides the period for which a 

vehicle can be hired. This is similar to the other domains that require period of service.   

• Numbers (How Many) 

When things are required, the number or quantity of them required by the user is also 

necessary for processing. For example, if the query is Get me rooms in the Hilton, then it 

is compulsory to know the number of rooms requested. If the query is Get me a room in 

the Hilton, the number of rooms requested is still necessary for processing, but is 

specified in the query. This could be similar to conceptual things as well. For example, 

in the query Get me appointment times with my lawyer, the number of appointments 

required is compulsory for processing.  

• Start Location and End Location 

Out of the main domain groups, only in the domain group travelling it is compulsory to 

know the start and end locations. For example in the query Get me the directions to 

Parramatta, it is necessary to know the starting location as well. Similarly in the domain 
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Flight Booking, there are often queries of the nature Get me a ticket to Singapore, in 

which the end location is provided in the query, but the start location is also essential for 

processing. 

6.4.2 Essential Information for Domain Groups 

Based on these analyses explained in Section 6.4.1, the types of information that are 

essential to process create tasks in each of the main domain groups are identified and are 

presented in table 6.3.  

Domain 
Group 
 

Examples 

Essential Information 

Location 

T
im

e 

P
eriod 

N
um

bers 

S
tart Location

E
nd Location 

Ordering  I need a burger please. √      √      

Scheduling 
Can I please book an appointment with 

Doctor Peter. 
√  √  √        

Reservation 
Get me tickets to Aquamarine. 

Book me a single bedroom in the Hilton. 
√  √  √  √      

Hiring Book me a car for three days. √  √  √  √      

Travelling Get me a ticket to Singapore √  √    √  √  √  

Table 6.3 Essential information for domain groups 

This information is found to be the same for the domains in a domain group and varies 

across domain groups. Therefore, when there is a new domain, and if it belongs to one of 

the existing domain groups, then no additional analysis or additions are needed for the 
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essential information. When there are new domain groups, then the essential information 

has to be identified manually for each of the information types discussed in Section 

6.4.1. This essential information is stored as part of the domain model. 

6.5 Useful Information for Query Expansion 

When the task conveyed in the query is list, no additional essential information will be 

required for processing. This is because a read operation can be performed on data 

sources, even with a single term or information. When less information is provided to a 

list task, less filtering will be performed on the information read, resulting in long 

outputs, including irrelevant ones. When additional contextual information that is related 

to the query is provided, more filtering can be performed on the retrieval, resulting in 

short and useful results. As described in Section 6.3.2, this information is referred to as 

useful information for query expansion. The useful information is found to be relevant to 

the type of information requested in the query. Therefore, the list task is categorised at 

this stage, and the useful information for each of the categories is identified. This is 

explained in the following sections.   

6.5.1 List Types in Queries 

When the query is informational, the system task is to perform listing from respective 

data sources. List tasks are divided into many applications based on the type of the 

information requested by the user. Some of these have been explained in Section 6.3.1. 

Personal queries with the intent of listing could request information about things, 
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providers, events, and the state of the thing/provider in an application domain, as 

illustrated in Figure 6.10. Queries can request information from more than one category 

as well. For example, queries can request information about things from specific 

providers. 

 

Figure 6.10 Types of information requests in a list task 

• Information Requested about Item/Service 

List tasks of a domain could request information about items/services in the domain. 

These can be physical or conceptual things. For example, the query What is the fat 

content in a cheeseburger in McDonalds? is in the domain Ordering Meal, and requests 

information about a physical thing (meal) of the domain, the burger. Similarly in the 

domain Hotel Room Booking, the query List me all serviced apartments in Frankfurt 

requests information about the apartment, which is a type of a thing in the domain, the 

accommodation. 

Information Request in List 
Task 

Item/Service Provider Event Thing/ Provider 
with specific state
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• Information Requested about Providers 

In any domain, providers provide items and services. For example in the application 

domain Ordering Meal, the provider can be a restaurant from which a meal can be 

ordered. Similarly, in the domain Booking Doctor’s Appointment, appointment is a 

service/conceptual thing that is provided either by a doctor or by a medical centre. 

Queries could request information about providers of the things. For example, the query 

Get me the nearest Chinese restaurant is in the domain Ordering Meal and requests 

information about the provider, the restaurant. The query List me the paediatricians 

available in Parramatta, which is in the domain Booking Doctor’s Appointment, 

requests information about the providers who are specialised doctors. Another query, 

List me the medical centres open after hours of the same domain, requests information 

about the providers, medical centres.  

In general, providers are entities of the person and business place/organisation types. 

However, all entities of the person and business place/organisation types are not 

providers in the domain. For example, in the domain Ordering Book, an author is an 

entity of the person type. However, the author is not a provider in the domain, when the 

book cannot be ordered from the author. In the same domain, a publisher can be an 

entity of the business place type. However, the publisher is not a provider, when a book 

cannot be purchased from the publisher. The relationships of providers to things and 

events are illustrated in Figure 6.11. As not all entities of the person and business 

place/organisation types are providers in the domain and there are no rules or patterns to 

identify providers of an application domain, they cannot be identified by the system. The 
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providers of application domain have to be identified manually and should be stored as 

part of the domain model.   

Physical Thing Conceptual Thing

Thing

Person
Business Place/
Organisation

Provider

Is-P
rovided-B

y

Event

P
rocess

Physical Thing Conceptual Thing

Thing

Person
Business Place/
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y
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Figure 6.11 Relationship among the entities providers, things and events 

• Information Requested about Events 

Providers perform events in the domains. Examples include reserving, hiring, scheduling 

and booking. A library processes the hiring of books in the domain Hiring Books. A 

travel agency processes the booking of flight tickets in the Flight Booking domain. List 

tasks can request information about events or activities related to the domains. These 

events are the same for all domains in the same domain group. For example, in the 
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application domain Theatre Seat Booking, there can be a query What is the cost of group 

booking for Garfield? This query is about a booking, not about the movie. Similarly, the 

query What is the earliest date I can get an appointment with Peter?, which is in the 

domain Booking Doctor’s Appointment, requests information about a schedule. 

Therefore, there can be list tasks that request information related to the events in a 

domain group, where the providers process the events. The relationship between the 

provider and the events is shown in Figure 6.11.  

• Information Requested about Things/Providers with States 

Some of the things and providers do have different states with regard to time within the 

domain. For example, a thing, ticket, in the Theatre Seat Booking and Flight Booking 

domains has the state available in the domains. Similarly, a room in the domain Hotel 

Room Booking has available, free and vacant states. A list task of a domain could 

request information about things/providers with specific states. For example, the query 

Which screening still has tickets available? is about the availability of ticket for movies. 

This category of the list type needs to be separated from the other categories, as this 

category always requires a related time value for processing. For example, if the query is 

List me the types of rooms in Hilton, then it is not relevant to a specific time. However, if 

the query of the same domain is List me the types of vacant rooms in Hilton, then it is 

related to time. The following table (Table 6.4) lists some examples of queries in 

different list types for the main domain groups used in this research. 



192  

Domain 
Group List Type Example 

Ordering Finding information about product What are the ingredients in a suchi? 

Finding information about provider of 

product 

Where is the nearest McDonalds? 

Finding information about an order List me the restaurants from where I can order 

Indian dishes. 

Finding information about thing from 

provider  

What is available at Indolanka for lunch? 

Scheduling 

Finding information about provider of 

schedule 

List the closest hospitals/medical centres. 

Who are the doctors in Flinders surgery? 

Finding information about schedule When is the next available time to make an 

appointment with my doctor? 

Finding information about a provider 

with a specific state  

Is Doctor Peter available today? 

 

Reservation 

Finding information about things 

related to reservation 

List me all serviced apartments in Frankfurt. 

How much are the tickets for movies? 

Finding information about provider of 

reservation 

What are the hotels in Thailand’s city? 

Finding information about reservation What are the show times at Hoyts? 

Finding information about things with 

specific state related to reservation  

What are the movies screened in Hoyts? 

Are seats are available today for Happy Feet? 

Hiring  

Finding information about thing for 

hire 

Which is the best car for long trips? 

Finding information about provider of 

Hire 

Which are the rental companies for hiring cars?

Finding information about hire What is the charge to hire a 4WD for one 

week? 

Finding information about thing with a 

specific state related to hire 

What are the vehicles available at 

EasyRentals? 

 

Finding information about a thing from 

a provider 

List me the libraries in Western Sydney region 

that have books on Database Management 

written by Smith and Leing. 

Travelling  

Finding information about things 

related to travel 

How much is the airfare applicable to a less 

than two-year-old infant? 

Finding information about provider of 

travel 

What are the good travel agencies in 

Parramatta? 

Finding information about a travel How long is the travel time from Sydney to 

Los Angeles? 

Finding information about things with 

specific state related to travel 

List me all Monday flights between Frankfurt 

and Singapore. 

Finding information about a thing from 

a provider 

Are the business-class seats available in 

Qantas? 

Table 6.4 Examples of queries for list types in domain groups 
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6.5.2 Additional Information Required to Identify List 
Types 

As described in the previous sections of this chapter, information present in the query 

such as entities of the query domain, action verbs of the query domain and domain 

groups, and question words are used to identify the task type as list or create. When the 

task type is list, then the sub-categories of the list have to be identified in order to 

identify the useful information for the query expansion. Along with the information 

types already identified, states of the entities in the domain and temporal values are also 

used to identify the list type of the query. These additional information types are 

explained below.      

6.5.2.1 States of Entities 

As described in the previous section, some of the list types require information about 

states of entities or entities with specific states. In order to identify these list types, it is 

necessary to identify the states that entities could have in different domains. These states 

are related to time, and are found to be specific to the domain to which they belong. 

Entities in different domains and domain groups could also have the same states. For 

example, in the domain Theatre Seat Booking which is in the domain group reservation, 

the entity seat could have a state with regard to time, as available. At the same time, the 

entity book in the domain Book Rentals which is in the domain group hiring, could also 

have an available state. An entity of a domain could have more than one state. For 

example, the entity accommodation of the domain Hotel Room Booking could have free, 

vacant, and available states. The states of entities need to be manually identified and 
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should be stored as part of the domain model. 

6.5.2.2 Temporal Values 

As described in Section 3.2, a temporal model that is part of the context model is also 

used by the system for query expansion. Section 2.2.4 describes some general 

information about these contexts and the approaches that have been used by the 

researchers to model this context. The presence of temporal values in the query is also 

used in this research to identify the list type conveyed in the query. These values are 

independent of the domains and domain groups. 

6.5.3 Rules for the Identification of List Types 

The information useful for the query expansion of list tasks is based on the information 

requested in the query and the domain of the query. Hence it is necessary to identify the 

information request (that is, the list type) of the query at this stage. The list tasks are 

categorised based on the information requested in them, as described in Section 6.5.1. 

The rules for the identification of the list type are found to be independent of the domain 

groups. List types and the entity/information types necessary to be present or absent in a 

query in order to identify the list types, are presented in the table below (Table 6.5).  

These are represented as rules in first-order logic in the following sections and are 

described using a decision tree in Section 6.5.3. Some of the rules are numbered in order 

to relate them to the rules given below. 
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Type of 

information 

requested in 

query 

 Entity/Information Type 

R
ule 

Create 

Action Verb 

Thing Provider Time State 

Thing  NP P NP NP NP 

Provider  NP NP P NP NP 

Event  P - - -  

State 

1 

NP P - - P 

- - P - P 

2 

NP P - P  

- - P P - 

Thing & Provider  NP P P NP NP 

 

P – Present in the query NP – Not present in the query          -  – Not considered 

Table 6.5 Information used to identify list types 

• Identification of List Type Requesting Information about Thing 

When the task type is list, and no create_action verb (creav) of the domain group (dg) of 

the query domain (d) is present in the query and when an entity of type thing (te) of the 

domain is present in the query (q), and no entity of type provider (pe) is present in the 

query, and if the thing entity does not have a state in the domain, then the list task 

requests information about the thing of the domain. If the thing entity has states (s) in the 

domain, then if the states are not present in the domain, and if no temporal values (t) are 
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present in the query, then again the list task requests information about the thing of the 

domain. 

∀ q  Is-query(q)  ^  Tasktype(q, List) 

    ^  Domain(q, d) 

    ^  Domain_gp(d,dg)   

     ^  (∀ creav  Create_action_verb(dg, creav)  ^  ¬ Contains(q, creav) ) 

     ^  (∃ te  Entity(d, te)  ^  Thing(te,d)  ^  Contains(q, te) ) 

    ^  ( (¬ Has_state(te,d )  

 ∨  (Has_state(te,d )   ^  ( (∀ s State(te,d,s)  ^  ¬ Contains(q, s) ) 

^  ( (∀ t  Temporal(t) ^  ¬ Contains(q, t) ) ) 

    ^  (∀ pe  Entity(d, pe)  ^  Provider(pe, d)  ^  ¬ Contains(q, pe) )  

⇒  Listtype(q, List_Thing) 

 

• Identification of List Type Requesting Information about Provider 

When the task type is list, and if no create_action verb (creav) of the domain group (dg) 

of the query domain (d) is present in the query, and when an entity of type provider (pe) 

of the domain is present in the query (q), and no entity of type thing (te) is present in the 

query, and if the provider entity does not have a state in the domain then the list task 

requests information about the provider of the domain. If the provider entity has states 

(s) in the domain, then if the states are not present in the domain, and if no temporal 

values (t) are present in the query, then again the list task requests information about the 

provider of the domain. 

∀ q  Is-query(q)  ^  Tasktype(q, List) 

    ^  Domain(q, d) 
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    ^  Domain_gp(d, dg)   

     ^  (∀ creav  Create_action_verb(dg, creav)  ^  ¬ Contains(q, creav) ) 

     ^  (∃ pe  Entity(d, pe)  ^  Provider(pe, d)  ^  Contains(q, pe) ) 

    ^  ( (¬ Has_state(pe, d )  

∨  (Has_state(pe, d )   ^  ( (∀ s State(pe, d, s)  ^  ¬ Contains(q, s) ) 

^  ( (∀ t  Temporal(t) ^  ¬ Contains(q, t) ) ) 

    ^  (∀ te  Entity(d, te)  ^  Thing(te, d)  ^  ¬ Contains(q, te) )  

⇒  Listtype(q, List_Provider) 

 

• Identification of List Type Requesting Information about Event 

When the task type is list, and when a create_action verb (creav) of the domain group 

(dg) of query domain (d) is present in the query (q), then the list task requests 

information about an event/activity of the domain. 

∀ q  Is-query(q)  ^  Tasktype(q, List) 

    ^  Domain(q, d) 

    ^  Domain_gp(d, dg)   

      ^  (∃ creav  Create_action_verb(dg, creav)  ^  Contains(q, creav) ) 

⇒  Listtype(q, List_Event) 

 

• Identification of List Type Requesting Information about State 

RULE 1: 

When the task type is list, and when an entity of type thing or provider (e) with a state 

(s) in the domain (d) is present, and if any of the states of the entity is also present in the 

query, and if no create_action verb (creav) of the domain group (dg) of the query 
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domain is present in the query, then the list task requests information about the entity 

with a time-related state.  

∀ q  Is-query(q)  ^  Tasktype(q, List) 

     ^  Domain(q, d) 

    ^  Domain_gp(d, dg)   

     ^  (∀ creav  Create_action_verb(dg, creav)  ^  ¬ Contains(q, creav) ) 

    ^  (∃ e,s  Entity(d, e) ^ Has_state(e, d) ^  State(e, d, s ) ^  Contains(q, s) 

⇒  Listtype(q, List_state) 

RULE 2: 

When the task type is list, and when an entity of type thing or provider (e) with a state 

(s) in the domain (d) is present, and a temporal value (t) is also present in the query, and 

no create_action verb (creav) of the domain group (dg) of the query domain is present in 

the query, then the list task requests information about the entity with a time-related 

state.   

∀ q  Is-query(q)  ^  Tasktype(q, List) 

    ^  Domain(q, d) ^  Domain_gp(d, dg)   

     ^  (∀ creav  Create_action_verb(dg, creav)  ^  ¬ Contains(q, creav) ) 

    ^  (∃ e  Entity(d, e) ^  (Has_state(e, d, s ) ) 

    ^  (∃ t  Temporal(t) ^  Contains(q, t) 

⇒  Listtype(q, List_state) 

• Identification of List Type Requesting Information about Thing and 

Provider 

When the task type is list, and no create_action verb (creav) of the domain group (dg) of 
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the query domain (d) is present in the query and when an entity of type thing (te) of the 

domain (d) and entity of type provider (pe) of the domain are present in the query (q), 

and if the thing entity and provider entity do not have states in the domain then the list 

task requests information about the thing from the provider of the domain. If the thing 

entity or provider entity have states (s) in the domain, then if the states are not present in 

the domain, and if no temporal values (t) are present in the query, then again the list task 

requests information about the thing from the provider of the domain. 

∀ q  Is-query(q)  ^  Tasktype(q, List) 

    ^  Domain(q, d) 

    ^  Domain_gp(d, dg)   

     ^  (∀ creav  Create_action_verb(dg, creav)  ^  ¬ Contains(q, creav) ) 

     ^  (∃ te  Entity(d, te)  ^  Thing(te, d)  ^  Contains(q, te) ) 

    ^  (∃ pe  Entity(d, pe)  ^  Provider(pe, d)  ^  Contains(q, pe) )  

    ^  ( (¬ Has_state(te, d )   

 ∨  (Has_state(te, d )   ^  ( (∀ s State(te, d, s)  ^  ¬ Contains(q, s) ) 

^  ( (∀ t  Temporal(t) ^  ¬ Contains(q, t) ) ) 

    ^  ( (¬ Has_state(pe, d )   

∨  (Has_state(pe, d )   ^  ( (∀ s State(pe, d, s)  ^  ¬ Contains(q, s) ) 

^  ( (∀ t  Temporal(t) ^  ¬ Contains(q, t) ) ) 

⇒  Listtype(q, List_Thing_Provider) 

 

• Rules in a Decision Tree 

The rules described in the above section, 6.5.3, are represented in a decision tree in order 

to be able to view them at a glance. This is presented in Figure 6.12. Here, the 

intermediate nodes of the trees have the conditions, and the leaf nodes have the decisions 
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about the list types intended in the query. The upper paths of the intermediate nodes are 

followed when the condition checked in the intermediate node is true. If a condition is 

false, then the lower path from the condition is selected. 

 

Figure 6.12 Rules for the identification of list type 
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6.5.4 Information Useful for Processing List Types 

Once the list type of the query is identified, then, based on the list type, information that 

is useful for the query processing can be identified. Similar to the essential information, 

useful information is also categorised into location (where), time (when), period (how 

long), start location, and end location. The category numbers (how many) is not useful 

for a list task, as the objective is not to perform an activity related to the domain group 

such as purchasing or hiring, but to read information related to the query. Each of these 

categories has been explained in Section 6.4.1. The only difference is that this 

information is essential for the create task, and is not essential, but is useful, for a list 

task. The information useful for query expansion is found to be the same within a 

domain group and is mostly different across domain groups. It is heavily dependent on 

the list type. The information useful for query expansion is explained below for each of 

the list types and is also represented in first-order logic. 

• Information Useful for Processing a List Task Requesting 

Information about a Thing  

When a list task requests information about thing/s, then the information useful to 

process the query will vary for domain groups. In the domain groups reservation and 

hiring, the location of the thing is useful to provide sensible results. In the domain group 

travelling, the start and end locations are found to be useful for processing.  

∀ q  Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Thing) 

         ^ (Domaingp(q, Reservation) ∨  Domaingp(q, Hiring))  
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      ⇒  Useful_info(q, ProviderLocation) 

 

∀ q   Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Thing) 

       ^ (Domaingp(q, Travelling)  

          ⇒  Useful_info(q, StartLocation, EndLocation) 

 

• Information Useful for Processing a List Task Requesting 

Information about a Provider 

When list tasks request information about providers, the information useful to process 

the queries are found to be the same for all domain groups that have been analysed. This 

useful information requested for processing, is the location of the provider. As explained 

in Section 6.4.1, the provider’s location becomes useful, mainly if the user has to go to 

the provider for an item/service. Hence in domain groups such as hiring, the provider’s 

location becomes more useful. 

∀ q   Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Provider) 

⇒  Useful_info(q, ProviderLocation) 

• Information Useful for Processing a List Task Requesting 

Information about an Event 

When list tasks request information about events in the domain group, then the useful 

information required for processing are found to be the same for the domain groups 

other than travelling. In travelling, starting and ending locations are also identified to be 



203  

useful for the expansion.  

∀ q   Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Event) 

       ^ ¬ Domaingp(q, Travelling)  

      ⇒  Useful_info(q,  ProviderLocation) 

 

∀ q   Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Event) 

       ^  (Domaingp(q, Travelling)  

⇒  Useful_info(q, ProviderLocation, StartLocation, EndLocation) 

 

• Information Useful for Processing a List Task Requesting 

Information about a State 

When a list task requests information about a thing/s or provider with specific states, in 

addition to the information useful to process a list task requesting information about 

events, time will also be useful to process the query.  

∀ q:  Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Event) 

       ^ ¬ Domaingp(q, Travelling)  

      ⇒  Useful_info(q, ProviderLocation, Time) 

 

∀ q   Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Event) 

       ^  (Domaingp(q, Travelling)  

⇒  Useful_info(q, ProviderLocation, Time, StartLocation, EndLocation) 
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• Information Useful for Processing a List Task Requesting 

Information about Things and Providers 

When a list task requests information about things and providers, the information useful 

to process the query, is the information useful to process the query requesting 

information about the things, together with the information useful to process the query 

requesting information about providers.  

∀ q :  Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Thing_Provider) 

       ^ ¬ Domaingp(q, Travelling)  

      ⇒  Useful_info(q, ProviderLocation) 

 

∀ q :  Is-query(q)  ^  Tasktype(q, List) 

          ^  Listtype(q, List_Thing_Provider) 

       ^ (Domaingp(q, Travelling)  

   ⇒  Useful_info(q, ProviderLocation, StartLocation, EndLocation) 

6.6 Adding Essential and Useful Information for Processing a 
Query 

The tasks that require creation and reading to be performed in the data sources and the 

information essential and useful for processing these tasks are explained in the previous 

sections of this chapter. Once the required information type is known, it is necessary to 

fetch this information. It can either be present in the query, captured from the interacting 

devices, taken from the user profile, or accepted from the user. This has been shown as 

part of Figure 6.1 in this chapter and is illustrated below in Figure 6.13. 
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Figure 6.13 Methods to obtain information for query expansion 

Some of the information present in the user query has already been identified during the 

domain identification process and task identification process. For example, consider the 

query List me the shows that have seats for tomorrow. This requires a list task requesting 

information about things with a time-related state and is in the domain group 

reservation. The task can be identified by the presence of the term list, and the list type 

can be identified by the presence of thing (seats) and time (tomorrow). Based on the 

rules above (Section 6.5.4), useful information for processing this query is the location 

of the provider (where) and the time (when). Here the time (when) is provided in the 

query (tomorrow), and is identified during the task identification process. The location 

can either be accepted from the user, or can be taken from the user profile, as it changes 

less frequently.  

Query

Adding essential & useful 
information to process query 

User

Input devices

Context Model

User  
Model 
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Unlike the above example, all the information present in a query is not always used to 

identify the task type. For example, consider the query Get me an appointment with a 

dermatologist tomorrow. This requires a create task and is in the domain group 

scheduling. The essential information to process this query is the provider’s location and 

the appointment time. Here the time is provided in the query, but is not used and hence 

not identified during the domain and task identification processes. Therefore, it is always 

necessary to scan the query to check the presence of required information, if it has not 

already been extracted.  

In another example, the query List me the doctors in Parramatta requires a list task and 

is in the domain group scheduling. The useful information to process this query is the 

location of the provider, as the listing is about the provider (doctor). Here the location is 

provided in the query and can be used to process the query. 

In some queries, required information can be indirectly specified in the query. For 

example, consider the query I want to hire a car for three days which is in the domain 

group hiring. This requires a create task. The essential information to process this query 

is the provider’s location (from which area does the user want to hire the car), the start 

time and end time of the hire. However, the query contains information about the 

duration of the hire (three days). Hence, it is sufficient to know only the start time of the 

hire, since the end time of the hire can be calculated from the duration of the hire. This 

start time can be accepted from the user.  

Some of the essential information, such as the user’s location, can be captured from the 

communicating devices. For example, to process the query Get me the nearest 
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McDonalds, the essential information is the provider’s location (McDonalds restaurant). 

This is indirectly specified in the query by the term nearest. In order to find out the 

meaning of this term, it is essential to know the user’s location. This could be captured 

using the communicating device, if possible. Otherwise, it has to be accepted from the 

user. 

Some of the essential and useful information is more permanent and hence can be stored 

and accessed from the user profile. For example, consider the query Book me a 

dermatologist for tomorrow, which is in the domain group scheduling. This requires a 

create task. The essential information to process this query is the provider’s location and 

the appointment time. The appointment time is provided in the query (tomorrow). The 

location can be taken from the user profile, as for most of the time, the preferred location 

could be a permanent location, such as the user’s suburb. If the user profile contains the 

user’s suburb, then it can be taken as the location of the doctor/medical centre.  

 

Different ways of capturing essential and useful information based on various conditions 

are summarised in a decision tree in Figure 6.14. Here, different states are represented in 

the internal nodes, and sources for the essential/useful information are presented in the 

leaf nodes. When a state or condition in an internal node is met, then the upper path of 

the tree is followed. If the state or condition is not met, then the lower path of the tree is 

followed. 
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Figure 6.14 Sources for the essential/useful information based on criteria 

6.7 Summary of the Query Expansion 

This chapter has presented the steps that are required to be performed in order to expand 

queries with missing information, once the query domain is known. As this missing 
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information depends not only on the domain of the query, but also the task given in the 

query and the task types considered by the system, additional information that is 

required to identify tasks intended in queries are identified and explained in the chapter. 

The rules used for the identification of task types have also been presented in the 

chapter. As the task identification and the information required for query expansion are 

found to be similar for groups of application domains with similar activities, domains 

are grouped at this stage, based on the main activities carried out in the domains. These 

domain groups have also been presented in this chapter.  

Information required to process the tasks create (essential information) and list (useful 

information) has been analysed and categorised. As the useful information requested for 

query expansion is found to vary based on the type of the information requested in the 

query, list tasks are divided based on the type of information requested in the query. This 

classification and the rules defined for the identification of these list types have been 

explained in the chapter. Finally, the rules necessary to identify the essential and useful 

information have been identified and presented in this chapter. The complete domain 

model that is required for the domain identification, task identification, and missing 

parameter identification has been summarised in Figure 6.15. 
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Figure 6.15 The complete domain model  

-       Specialised-into (is-a)-  Composed-of  (has)  
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CHAPTER 7 

 

Implementation and Evaluation 

Of the main stages of the query expansion process, the first three stages, the domain 

identification, task identification, and missing parameters identification have been 

implemented and evaluated. Empirical values are used for the implementation of the first 

two weighting methods and for the weights of term categories in domains. Queries are 

collected from various users and the results of the queries are manually identified for 

each of the stages domain identification, task identification and missing parameter 

identification, and compared with the results produced by the system. The empirical 

values used for the implementation, results produced by the system, and the evaluations 

of the system are discussed in this chapter. Test queries and the expanded queries are 

given to the Google search engine and the results are compared to evaluate the 
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expansion process. These results are also discussed in this chapter.  

7.1 Implementation  

The system is implemented in order to evaluate the proposed approach. Empirical values 

are used for weighting methods (I) and (II), and for the weights of the term categories of 

domains. The response time of the system is not considered at this stage. This allows for 

the domain knowledge that is required for the system to be stored in databases. This 

domain knowledge includes the domain dictionary, domain ontology, and user profile. 

Users are allowed to provide user names and passwords for their preferences to be 

utilised. The system has been developed in Visual Basic and the databases are 

implemented in Microsoft Access. Samples of domain models are provided in Appendix 

B. 

As described in Sections 5.5.1 and 5.5.2, weighting methods (I) and (II) are dependent 

on a function of the number of implemented domains. As explained in Section 5.4, 

weights are given to term categories of domains based on the significance of their 

category in the domain. Empirical values are used for the implementation to assign 

weights to the term categories in domains. These empirical values are explained below. 

7.1.1 Empirical Values for Weighting Methods (I) and (II) 

Weighting methods (I) and (II) are dependent on a function of the number of 

implemented domains. This should be a function that is related to the confidence in the 
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selected tags. This function should not return a constant value for a different number of 

implemented domains, as it cannot be the same for the whole number of implemented 

domains. The value returned by the function should be a constant for a specific number 

of implemented domains. As the number of implemented domains increases, the value 

returned by this function should also increase. This growth will not be linear. For a 

lower number of implemented domains, the growth is approximately exponential, then 

the growth slows, and at maturity, the growth stops. This will be similar to the curve 

illustrated in Figure 7.1. Here, the graph is drawn using empirical values. The function is 

plotted to reflect the percentage of confidence in the selected tags.  
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Figure 7.1  Confidence factor of tags based on number of implemented domains 

In method (I), for each key term term i,, the weight of the term when d number of 

domains are implemented is,  

Term_Weight(term i ) =                 1              x      No. of implemented domains
   
             Number of tags of term i                                f(d) 
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In method (II), for each key term term i with tag j, the weight of the term when d number 

of domains are implemented is, 

Term_Weight(term i , tag j  ) =                                1                                  x      No. of implemented domains    
                 No. of domains term i, with tag j belongs to                             f(d) 
 
 

During the implementation, for both of these weighting methods, the function f which is 

a function on the number of implemented domains (d), is calculated using these 

empirical values.  

7.1.2 Empirical Values for Term Categories in Domains 

As explained in Section 5.4, weights are given to term categories of domains based on 

the significance of their category in the domain. The order of significance of the term 

categories has been explained in Section 5.4.3. During the implementation, empirical 

values are assigned to the weights of the term categories in domains, based on the 

heuristic structure of the tree shown in Figure 7.2. In this figure, the nodes contain the 

categories of domain components used for weighting and their respective weights are 

given in parentheses.  

When a significant entity is present in a query, the certainty of the query domain is taken 

to be twice as high as the presence of an identifying attribute. In other words, the 

presence of two identifying attributes will have the certainty equal to the presence of a 

significant entity. The weights are assigned to the term categorise based on this logic. 

Table 7.1 lists these categories and their weights in ascending order of weights.  
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Figure 7.2 Weights of term categories based on significance 

Category 
No. 

Term Category Weight 

1 Significant entity 1/2  

2 Identifying attribute of a significant entity 1/4  

3 Instance of an identifying attribute of a significant entity 1/8 

4 Non-significant entity 1/8 

5 Describing attribute of a significant entity 1/16 

6 Identifying attribute of a non-significant entity 1/16 

7 Instance of a describing attribute of a significant entity 1/32 

8 Instance of an identifying attribute of a non-significant entity 1/32 

9 Describing attribute of a non-significant entity 1/64 

10 Instance of a describing attribute of a non-significant entity 1/128 

Table 7.1 Weights of term categories based on significance 

Significant Entity(1/2) Non-significant Entity(1/8) 

Describing 
Attribute(1/16) 

Instance of a 
Describing 

Attribute(1/32) 

Instance of an 
Identifying 

Attribute(1/8) 

Identifying 
Attribute(1/4) 

Describing 
Attribute(1/64) 

Instance of a 
Describing 

Attribute(1/128) 

Instance of an 
Identifying 

Attribute(1/32) 

Identifying 
Attribute(1/16) 

Domain 
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7.1.3 Domain Creation 

As described in Chapter 5, when the system has to be used in a new domain, first of all, 

the core ontology of the domain has to be created by the domain expert, based on the 

foundational ontology. Hence, during the implementation, the foundational ontology is 

provided to the domain expert, who can then follow the steps provided in the system to 

create the core ontology for a new domain. When the domain ontology is created for the 

new domain, the entities and the attributes that are defined in the domain ontology are 

added to the data dictionary by the system, if they do not exist in the dictionary. 

Furthermore, new empty instance lists are created for all the new attributes (which are 

not already present in the dictionary) of the new domain. The instances are populated 

manually from the training queries and corpus. As explained in Section 4.3.7, some of 

the attribute instances are specific to users. These types of instances are stored as part of 

the user profile. The user profile contains user preferences that are generic and domain-

specific. This is populated by accepting user preferences from the user. A sample 

interface provided by the system to accept user preferences, is provided in Appendix C. 

The domain creation is implemented in steps, and a wizard is provided to the domain 

expert which takes through these steps to create a complete domain model for a new 

domain. These steps are explained below, and the interfaces provided by the system for 

the domain creation are also explained in Appendix C.  
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• Naming Domains and Adding Entities and Attributes 

This step allows adding new domains. Entities of the domains can be newly added, or 

can be selected from existing entities. This is because an entity can belong to more than 

one domain. Similarly, attributes of the domains can be newly added or can be taken 

from existing attributes. When new entities and attributes are added, they are added to 

the domain dictionary by the system. Possible categories of entities, attributes and 

instances are provided to the domain expert by the system out of which a suitable 

category can be selected.  

• Relationships among Entities in a Domain 

Once the entities of a domain are defined, relationships among them can be added to the 

domain model in this step.  

• Instances of Attributes 

When attributes of entities are defined in a domain and if there are new attributes, new 

tables are created by the system to store the instances of the attributes. This is not visible 

to the domain expert. New instances of selected attributes can be added, or existing 

instances of attributes can be viewed or edited at this step. 

• Action Verbs 

As explained in Section 6.3.3.1, action verbs of the domains are used to identify the 
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tasks and missing parameters of queries in the domain. Hence, when a domain is added 

to the system, action verbs related to the domain and the entities that are treated by the 

action verbs have to be defined for the domains.  

• States of Entities  

Entities have states related to time in domains. These have been explained in Section 

6.5.2.1. An entity can have more than one state in a domain. States of the entities in a 

domain can be added or edited in the system at this step. 

• Providers of Items/Services in Domains 

Items and services (things) are provided by organisations and/or persons in domains, 

which/who are referred to as providers of the things. The presence of providers in a 

query is used to identify the task and the missing information of the query. Therefore, 

providers of the domains have to be identified and stored as part of the domain model.  

• Domain Groups and Parameters  

Identification of the type of the task to be performed and the information essential and 

useful for query-processing is found to be similar across groups of application domains. 

Hence, the identified application domains are grouped based on the main activities 

carried out in the domains. These have been explained in Section 6.2. The implemented 

system allows for the addition of new domain groups, and domains can be assigned to 

these domain groups. Furthermore, the parameters that are essential and useful for the 
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query expansion can be defined for the domain groups in the system.  

7.2 Experiments and Results 

Once the required domain knowledge is implemented, queries in English are collected 

from users and fed to the system. Results, including the intermediate results produced 

for these queries, are directed to a file which is used for evaluation. 

7.2.1 Test Queries Collection and Execution 

Test queries are collected from fourteen users with different backgrounds. There are 

school teachers, PhD students, administrative assistants, university lecturers, sales 

assistants, and technical supporters. A brief introduction about the system is given to 

them and they are requested to provide questions in English in selected domains. The 

domains given are Ordering Meal, Booking Doctor’s Appointment, Theatre Seat 

Booking, Hotel Room Booking, and Flight Booking. Each user is requested to provide a 

minimum of five questions in each domain. Samples of the collected queries are 

provided in Appendix A. 

In order to execute a query, a user can type in the query using the interface provided in 

Figure 7.3. When a query is issued, the identified domain and task are shown on the 

screen, and the missing parameters are requested from the user. The results, including 

the intermediate results such as identified domains and domain weights in each of the 

weighting methods for each identified domain, are directed to a file for evaluation 
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purposes.  

A sample of screenshots captured during the execution of the queries are provided in 

Appendix E and a sample of test queries and weights received in each method in each 

domain are provided in Appendix F.  Appendix G lists a sample of queries with tasks 

and information required for QE identified by the System.  

 

Figure 7.3 Interface to issue query and obtain results 

7.2.2 Results 

The system provided favourable results. These results are used to evaluate the approach 

that is discussed in Section 7.3. The contribution of each of the methods to the total 
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weight and the differences between the total weights of the query domain compared to 

the total weights of the rest of the domains are discussed in this section. 

7.2.2.1 Contribution of Each Method in Identifying the 

Domain 

Each of the weighting methods has shown its contributions in domain identification. 

Some of the methods are more dominant in all domains, and some others are dominant 

in specific domains. Obviously, methods (I), (II), and (III) are used in all queries in all 

domains. If a keyword is identified, it will acquire at least one tag. Hence, there will be a 

weight assigned by method (I). If a keyword is tagged, this means that it exists in at least 

one domain. This will give a weight in method (II). When the keyword belongs to a 

domain, then it will have a category in the domain, and hence will acquire a weight in 

method (III). However, the rest of the methods are used only when specific conditions 

are met. Samples of about twenty queries are taken in each domain to plot graphs 

comparing contributions of the methods, and are presented below for each of the 

domains. 

• Contribution of Each Method to Identify the Domain – Ordering 

Meal 

Methods (I), (II) and (III) are mostly used to score weights in the domain Ordering 

Meal. Method (VI) is used in about 40% of the queries, and methods (IV) and (V) are 

used only for about 10% of the queries. Method (VII) is not used at all and method 
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(VIII) is used only for about 5% of the queries. This can be seen in Figure 7.4. 

 

Figure 7.4 Contribution of the methods in the domain Ordering Meal 

• Contribution of Each Method to Identify the Domain – Booking 

Doctor’s Appointment 

Similar to the domain Ordering Meal, methods (I), (II) and (III) are mostly used to score 

weights in the domain Booking Doctor’s Appointment. Method (VIII) is used in about 

68% of the queries and method (VI) is used in about 52% of the queries. Methods (IV) 

and (VII) are used only in about 5% of queries. This is illustrated in Figure 7.5. 
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Figure 7.5 Contribution of the methods in the domain Booking Doctor’s Appointment 

• Contribution of Each Method to Identify the Domain – Flight 

Booking  

As shown in Figure 7.6, in addition to methods (I), (II) and (III), method (VIII) is also 

mostly used to score weights in the domain Flight Booking. Method (VI) is used in 

about 57% of the queries and method (IV) is used in about 38% of the queries. Method 

(V) is not used in of the tested queries.  
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Figure 7.6 Contribution of the methods in the domain Flight Booking 

• Contribution of Each Method to Identify the Domain – Theatre Seat 

Booking  

In addition to methods (I), (II) and (III), methods (VI) and (VIII) are also more 

frequently used to score weights in the domain Theatre Seat Booking. Method (IV) is 

used in about 24% of the queries. The following Figure (Figure 7.7) shows a sample of 

these outcomes.  

 

Figure 7.7 Contribution of the methods in the domain Theatre Seat Booking 
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• Contribution of Each Method to Identify the Domain – Hotel Room 

Booking  

As shown in the graph below (Figure 7.8), in the domain Hotel Room Booking, methods 

(I), (II) and (III) are mostly used to score weights. Methods (IV), (V) and (VI) are used 

less frequently. 

 

Figure 7.8 Contribution of the methods in the domain Hotel Room Booking 

• Average Contributions of the Methods in Identifying Domains  

The results found for individual domains regarding the contributions of the methods are 

used to compare the average contributions of the methods in the domains (Figure 7.9). 

As known, methods (I), (II) and (III) are used in each and every query and in all the 

domains; their average contributions are higher compared to the rest of the methods. 

Although methods (IV), (V), (VI) and (VIII) are used in all domains, their average 

contributions are fewer, as they are not used in all queries. They are used only in the 
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queries where specific conditions are met. As method (VII) is used to score weight in the 

presence of domain-specific user preferences, it is used only in the domain Booking 

Doctor’s Appointment. However, it will be useful for similar domains which make use 

of domain-specific user preferences. 

 

Figure 7.9 Average contributions of the methods in domain identification 

7.2.2.2 Dominations of the Query Domains in the Total 

Weight 

When the total weights are considered in the results, there is a clear domination of the 

query domains compared to the total weights of the rest of the domains. Although this 

domination will be reduced when more overlapping domains are implemented, it is quite 

useful to judge the success of the approach. These are shown in the graphs below using 

about twenty sample queries in each domain. Line graphs are used to illustrate the zero 

totals. For each query in a domain, the total weights received by the query in each of the 
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domains are compared in the z axis of the graph. 

• Queries in the Domain Ordering Meal 

Figure 7.10 shows the total weights of about twenty queries in the domain Ordering 

Meal. As can be seen, the total weights scored by the rest of the domains are zero in 

most instances. This is because this domain has less overlapping with the rest of the 

implemented domains. In other words, the domain components of the domain Ordering 

Meal are not shared with the other implemented domains. 

 

Figure 7.10 Total weights of the domains for the queries in the domain Ordering Meal  

• Queries in the Domain Booking Doctor’s Appointment 

The total weights of sample queries in the domain Booking Doctor’s Appointment are 
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compared with the total weights received in the other domains in Figure 7.11. Except for 

about 10% of the queries, for the rest of the queries, the total weights scored by the rest 

of the domains are found to be zero. This is because the domain components of the 

domain Booking Doctor’s Appointment are not shared with the other implemented 

domains 

 

Figure 7.11 Total weights of the domains for the queries in the domain  

Booking Doctor’s Appointment  

• Queries in the Domain Flight Booking 

For the queries in the domain Flight Booking, about 50% of the queries have 

overlapping components. However, there are clear differences in the total weights 

compared to the other domains. The results are presented in Figure 7.12. 
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Figure 7.12 Total weights of the domains for the queries in the domain Flight Booking  

• Queries in the Domain Theatre Seat Booking 

Queries in the domain Theatre Seat Booking have significant overlapping components 

with the domains Flight Booking and Hotel Room Booking. The impact is greater in this 

domain compared to the Flight Booking domain. However, as shown in Figure 7.13, 

there are clear differences in the total weights compared to the other domains.  

• Queries in the Domain Hotel Room Booking  

As can be observed from Figure 7.14, there are overlapping components in the domain 

Hotel Room Booking. However, the differences in the total weights are higher by an 

average of 2.4 compared to the queries in the overlapping domains Flight Booking and 

Theatre Seat Booking. 
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Figure 7.13 Total weights of the domains for the queries in the domain Theatre Seat 

Booking  

 

Figure 7.14 Total weights of the domains for the queries in the domain Hotel Room  

Booking  
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7.3 Evaluation 

Of the main stages of the query expansion process, the first three main stages, the 

domain identification, task identification, and missing parameter identification are 

implemented and evaluated. The system is evaluated at each of the stages and then as a 

whole system, as illustrated in Figure 7.15. Each of these evaluations is explained in the 

following sections. 

 

Figure 7.15 Stages of the evaluation 

As explained in the previous section, queries are collected from various users in selected 

domains. The results for each of the query in each of the stages are manually identified 

and compared with the results produced by the system. 

7.3.1 Evaluation of the Domain Identification Process 

This stage has the user query as its input and results as the domain of the query and key 

terms in the query, along with their tags in the selected domain. These have been 
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explained in Section 5.2 and are illustrated in Figure 7.16. 

 

Figure 7.16 The input and outputs of the domain identification process 

As explained in Section 5.5.9, the total weight for each identified domain is contributed 

to by each of the component weights identified by eight different methods. The 

significance of the contributions is not the same for all the methods. Methods (I), (II) 

and (III) get weights for all queries. Methods (IV), (V) and (VI) obtain weights only 

when more than one term of the same domain is present in the query, with certain 

criteria. When more than one term of a domain is present in a query, and when these 

terms have some relationship in the domain (same term type, same path in domain 

hierarchy and contractual relationship), then the certainty about the domain is high 

compared to the other methods.  Method (VII) makes use of user preference, where the 

user preference is domain-specific. This increases the certainty of a domain as compared 

to other methods. Therefore, contributions of Methods (IV), (V), (VI), and (VII) are 

proposed to have twice the importance as compared to the rest of the methods in the 

total weight.  

During the evaluation process, the best contribution for each of the methods is selected 

by changing the contribution of each method in the total weight of a domain. The 

Query 
Query domain,  
Key terms &  

Tags in the domain 

Domain  
Identification  
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accuracy of the domain identification process and the queries that are missed during this 

identification process are used to evaluate the contributions of the methods in the total 

weight. With each of the contributions, the accuracy and the percentage of missing 

queries are calculated as follows.  

Accuracy            =    Number of queries correctly identified in the domain by the system x 100 % 
                   

                                   Total number of queries identified in the domain by the system 
 
 
Missed Queries =  No. of queries in the domain that are not identified by the system    x  100 % 
                    
                    Total number of queries in the domain 

Here, the accuracy measure is used to identify how accurate the identification process is. 

It shows the percentage of the queries that are correctly identified in their domains by 

the system out of all the queries that are identified in the domain by the system. Even if 

the accuracy is high for the identification process, it has to be used in combination with 

the missed queries measure, in order to evaluate the contribution. The missed queries 

measure shows the percentage of the queries that are manually identified to be in a 

domain and are not identified by the domain identification process of the system. The 

best contributions of the methods should give the highest accuracy and fewest missed 

queries. 

7.3.1.1 Equal Contributions of Methods in the Total Weight 

When the contributions of the methods to the total weight are taken to be equal for all 

methods, the highest accuracy obtained is 98.33% and the accuracy is 86.49% in the 

worst case. The best accuracy in identification is found for the domains Ordering Meal 
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and Booking Doctor’s Appointment. The minimum accuracy is calculated for the domain 

Hotel Room Booking. This is illustrated in Figure 7.17. 

 

Figure 7.17 Accuracy with equal contributions of methods  

 

Figure 7.18 Missed queries with equal contributions of methods  

Although the accuracy is found to be high in the domain Ordering Meal, the number of 

queries missed out in identification has been found to be as high as 11.11% for the 

domain Ordering Meal. In the best case, missed queries are found to be as low as 4.84% 
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in the domain Booking Doctor’s Appointment and in the worst case they are found to be 

13.51% for the domain Hotel Room Booking, as illustrated in Figure 7.18. These values 

are tabulated in Table 7.2. 

Domain Accuracy Missed Queries 

Ordering Meal 98.25 11.11 

Booking Doctor’s Appointment 98.33 4.84 

Flight Booking 90.32 5.08 

Theatre Seat Booking 92.11 10.26 

Hotel Room Booking 86.49 13.51 

Average for the Domains 93.10 8.96 

Table 7.2 Accuracy and missed queries with equal contributions of methods  

7.3.1.2 Doubling Contributions of Methods in the Total 

Weight 

Contributions of the methods to the total weight are taken to be twice for one method at 

a time, keeping the rest as one. The results show the impact of doubling each of the 

methods, compared to the previous contribution, where each method made an equal 

contribution to the total. The accuracy and missed queries measures are used to evaluate 

each of the contributions. 

• Accuracy of the Domain Identification Process 

The accuracies achieved due to doubling the contribution of each of the methods to the 

total are tabulated in table 7.3. 
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Domain 

A
ll E

qual 

M
ethod (I) double 

M
ethod (II) 

double 

M
ethod (III) 

double 

M
ethod (IV

) 
double 

M
ethod (V

) double 

M
ethod (V

I) 
double 

M
ethod (V

II) 
double 

M
ethod (V

III) 
double 

Ordering Meal 98.25 96.55 96.55 98.25 98.25 98.25 98.25 98.25 96.55 

Booking Doctor’s Appointment 98.33 98.28 98.28 98.39 98.33 98.36 98.36 99.30 98.28 

Flight Booking 90.32 87.50 87.50 89.50 92.20 90.48 91.42 90.32 87.50 

Theatre Sseat Booking 90.11 86.05 87.45 90.24 92.54 90.50 92.50 90.11 86.05 

Hotel Room Booking 89.00 92.10 92.10 94.00 97.06 96.00 97.20 89.00 91.00 

Average 93.10 92.09 92.38 94.08 95.68 94.72 95.55 93.40 91.87 

Table 7.3 Accuracies when doubling the methods 

Here, the accuracies are measured for each of the domains and the average of the 

accuracies is calculated for each contribution. Accuracy measures when all methods are 

equal and when each method is doubled are tabulated in the columns. These values are 

compared in each of the domains and are illustrated in Figure 7.19. 

 

Figure 7.19 Accuracies when doubling the contributions of methods in each domain 
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The accuracy measures tabulated in Table 7.3 are compared for each of the different 

contributions across domains, as depicted in Figure 7.20. 

 

Figure 7.20 Accuracies when the doubling contributions of methods 

It can be seen that doubling the contributions of methods (I), (II) and (VIII) have not 

changed the accuracy in some domains and decreased the accuracy in some other 

domains. This means that there is a decrease in the average accuracy. When method (III) 

is doubled, there is a positive effect on the average of the accuracy. However, the Flight 

Booking domain has experienced a decrease in accuracy. Doubling the contributions of 

methods (IV), (V), (VI) and (VII) have not changed the accuracy in some domains and 

increased the accuracy in some other domains, increasing the average accuracy. These 

changes are tabulated in Table 7.4. 
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Domain 

M
ethod (I) double 

M
ethod (II) 

double 

M
ethod (III) 

double 

M
ethod (IV

) 
double 

M
ethod (V

) double 

M
ethod (V

I) 
double 

M
ethod (V

II) 
double 

M
ethod (V

III) 
double 

Ordering Meal -1.69 -1.69 0.00 0.00 0.00 0.00 0.00 -1.69 

Booking Doctor’s Appointment -0.06 -0.06 0.05 0.00 0.03 0.03 0.97 -0.06 

Flight Booking -2.82 -2.82 -0.82 1.88 0.15 1.10 0.00 -2.82 

Theatre Seat Booking -4.06 -2.66 0.14 2.43 0.39 2.39 0.00 -4.06 

Hotel Room Booking 3.10 3.10 5.00 8.06 7.00 8.20 0.00 2.00 

Average -1.00 -0.72 0.98 2.58 1.62 2.45 0.30 -1.22 

Table 7.4 Differences in accuracies with changing the contributions of methods 

Here, the impacts are calculated as the difference of the results in accuracy between the 

double contributions of each method and the equal contributions of all methods. This is 

illustrated in Figure 7.21. 

 

Figure 7.21 Differences in accuracy with changes in contribution 
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As can be clearly observed in the figure, the accuracy is reduced when methods (I), (II) 

and (VIII) are doubled, except in the domain Hotel Room Booking. Doubling method 

(III) has a negative impact in the Flight Booking domain, although the average impact is 

a positive value. 

• Missed Queries 

In addition to the accuracy measure, queries that are missed during the domain 

identification process are also used to evaluate the contributions of the methods. The 

percentages of the missed queries are measured by changing the contributions of each of 

the methods to double, keeping the contributions of the rest as one. The results are 

tabulated in Table 7.5. 

Domain 

A
ll E

qual 

M
ethod (I) double 

M
ethod (II) 

double 

M
ethod (III) 

double 

M
ethod (IV

) 
double 

M
ethod (V

) double 

M
ethod (V

I) 
double 

M
ethod (V

II) 
double 

M
ethod (V

III) 
double 

Ordering Meal 11.11 11.11 11.11 11.11 11.11 11.11 9.52 11.11 11.11 

Booking Doctor’s Appointment 4.84 8.06 8.06 1.61 4.84 3.23 3.23 1.61 7.00 

Flight Booking 5.08 5.08 5.08 5.08 5.08 5.08 3.39 3.39 5.08 

Theatre Seat Booking 5.13 5.13 5.13 5.13 5.13 4.00 3.13 5.13 5.13 

Hotel Room Booking 13.51 13.51 13.51 13.51 10.81 10.81 8.11 8.11 13.51 

Average 7.94 8.58 8.58 7.29 7.39 6.85 5.48 5.87 8.37 

Table 7.5 Missed queries when doubling the methods 

Here, the missed queries are measured for each of the domains and the averages of the 

missed queries are calculated for different contributions. For each domain, the 
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percentages of the missed queries when all methods are equal, and when each method is 

doubled are tabulated in the columns. These values are compared in each of the domains 

and are illustrated in Figure 7.22. 

 

Figure 7.22 Missed queries when doubling the contributions of methods in each domain 

The missed query measures tabulated in Table 7.5 are compared for each of the different 

contributions for domains and are illustrated in Figure 7.23. 

 

Figure 7.23 Missed queries when doubling the contributions of methods 
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It can be seen that doubling the contributions of methods (I), (II) and (VIII) has not 

changed the number of missed queries or increased the missed queries in domains. This 

results an increase in the average number of missed queries. For the rest of the methods, 

doubling the contributions of methods has not changed the missed queries or decreased 

the missed queries in each of the domains or in the average. These differences are 

tabulated in Table 7.6. 

Domain 
M

ethod (I) double 

M
ethod (II) 

double 

M
ethod (III) 

double 

M
ethod (IV

) 
double 

M
ethod (V

) double 

M
ethod (V

I) 
double 

M
ethod (V

II) 
double 

M
ethod (V

III) 
double 

Ordering Meal 0.00 0.00 0.00 0.00 0.00 -1.59 0.00 0.00 

Booking Doctor Appointment 3.23 3.23 -3.23 0.00 -1.61 -1.61 -3.23 2.16 

Flight Booking 0.00 0.00 0.00 0.00 0.00 -1.69 -1.69 0.00 

Theatre Seat Booking 0.00 0.00 0.00 0.00 -1.13 -2.00 0.00 0.00 

Hotel Room Booking 0.00 0.00 0.00 -2.70 -2.70 -5.41 -5.41 0.00 

Average 0.65 0.65 -0.65 -0.54 -1.09 -2.46 -2.07 0.43 

Table 7.6 Differences in missed queries with the changing contributions of methods 

Here, the differences are calculated as the difference of the results in missed queries 

between the double contributions in each method and the equal contributions of all the 

methods. This is illustrated in Figure 7.24. As can be clearly observed in the figure, 

missed queries are not changed in some domains and increased in some other domains 

when doubling methods (I), (II) and (VIII). Hence, the missed queries are increased in 

average when these methods are doubled. Doubling method (III) has no impact in the 

domains, except for the domain Booking Doctor’s Appointment. In this domain it has a 
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positive impact. The rest of the methods have no impacts or positive impacts in the 

missed queries. Hence, the averages of the impacts of these methods in missed queries 

have clear positive values. 

 

Figure 7.24 Differences in missed queries with changes in contribution 

7.3.1.3 The Combined Approach for the Contributions of 

Methods in the Total Weight  

As methods (IV), (V), (VI) and (VII) always show positive impacts in the accuracy and 

missed queries, in the combined approach, their contributions are taken to be double 

those of the other four methods (I), (II), (III) and (VIII). These contributions tally with 

the theoretical proposal of the contributions of the methods. The results of the combined 

approach show a highest accuracy of 99.1% and a lowest accuracy of 94.8%. The best 

accuracy in domain identification is found for the domains Ordering Meal and Hotel 

Room Booking. This is shown in Figure 7.25. 
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Figure 7.25 Accuracy of the domain identification process in the combined approach 

In the combined approach, the minimum accuracy is calculated for the domain Theatre 

Seat Booking, which is slightly (0.13%) less than that of the Flight Booking domain. 

These two domains are found to be the most overlapping domains, as entities such as 

seat and ticket are common to both the domains.  

Although the accuracy is found to be high in the domains Ordering Meal and Hotel 

Room Booking, the number of queries missed in identification has been found to be as 

high as 9.5% for the domain Ordering Meal. In the best case, missed queries are found 

to be as low as 1.6% in the domains Booking Doctor’s Appointment and Hotel Room 

Booking. This is illustrated in Figure 7.26. 
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Figure 7.26 Missed queries in the combined approach 

These values are tabulated in table 7.7. 

Domain Accuracy Missed Queries 

Ordering Meal 99.00 9.52 

Booking Doctor’s Appointment 98.39 1.59 

Flight Booking 95.00 3.17 

Theatre Seat Booking 94.87 3.17 

Hotel Room Booking 99.00 1.59 

Average for the Domains 97.25 3.81 

Table 7.7 Accuracy and missed queries in the combined approach 

The results of the combined approach are compared with the results of different 

contributions considered in the previous section. The comparison of accuracy is shown 

below in Figure 7.27.  
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Figure 7.27 Accuracy of the combined approach compared to the rest of the methods  

The missed queries measure of the combined approach is compared with the rest of the 

approaches considered in Figure 7.28. 

 

Figure 7.28 Missed queries in the combined approach compared to the rest of the methods 

As can be seen in the figures, the combined contributions show the best accuracies and 

worst missed queries, compared to all the other contributions. The impact of the 
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combined approach is compared below (Figure 7.29) with the approach in which all 

methods have equal contributions. 
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Figure 7.29 Impact of the combined approach compared to equal contributions  

of the methods 

As can be observed, the selected approach has a positive impact, that is, an increment in 

accuracy and a decrement in missed queries, compared to the equal contributions of 

methods. This impact will increase with an increase in the number of keywords. The 

number of keywords can be increased by maintaining sessions. When number of 

keywords used for domain identification increases, there will be more chances to acquire 

weights by methods (IV), (V) and (VI).  

7.3.2 Evaluation of the Task Identification Process 

When the domain of a query is identified, the next step is to identify the task intended in 
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the query. The task types considered are create and list. As explained in Section 6.2, 

domains are grouped based on the main activities carried out in the domains and rules 

are used to identify tasks. Of the queries used in the previous stage, queries for which 

the domains are correctly identified are used to evaluate the task identification process. 

This is because if the domain is not identified, then the task cannot be identified, as the 

task identification process uses the knowledge about the identified domain. The task 

identification process is evaluated by identifying the tasks of the queries manually, and 

then by comparing this with the tasks identified by the system. The accuracy measures 

used for the evaluation are given below, showing the percentage of the queries for which 

the task types intended in the queries are correctly identified. Only the queries for which 

the domains are correctly identified are considered in this measure. This is separated for 

the task types as create task and list task across the domain groups. 

Accuracy of create task = No. of queries correctly identified with create task in the domain by system  
              identification 

                       Total number of queries with create task in the domain 
 
 
Accuracy of list task  =  No. of queries correctly identified with list task in the domain by system  
               identification     

                       Total number of queries with list task in the domain 
 

 
Accuracy of task         =  No. of queries correctly identified with tasks in the domain by system   
               identification     

                       Total number of queries in the domain 

In the queries for which domains are correctly identified, the task identification process 

is found to be 100% accurate for list tasks in all domain groups. For create tasks, the 

accuracy is 100% for all domain groups except for the domain group travelling. In this 

domain, about 6.1% of the queries requesting list task are wrongly identified as 
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requesting create task. This gives the overall accuracy of the task identification as 99.2% 

with 100% accuracy in create tasks and 98.5% accuracy in list tasks. This is illustrated in 

Figure 7.30. 

 

Figure 7.30 Accuracy of the task identification process 

These values are tabulated in Table 7.8. 

Domain Group Create Task List Task Average 

Ordering 100.0 100.0 100.0 

Reservation 100.0 100.0 100.0 

Scheduling 100.0 100.0 100.0 

Travelling 100.0 93.9 97.0 

System 100.0 98.5 99.2 

Table 7.8 Accuracy of the task identification process 



  249

7.3.3 Evaluation of the Missing Parameters Identification 

Process 

Once the task is identified, the next step is to identify the essential and useful 

information that is required for query expansion for create and list tasks respectively. In 

order to evaluate the missing parameter identification process, the missing parameters 

are manually identified and compared with the results produced by the system. Accuracy 

and missed parameters measures are carried out separately for the missing parameter 

types as essential missing parameters and useful missing parameters across different 

domain groups.  

• Accuracy of the Parameter Identification Process 

This measure shows the percentage of the queries for which the missing parameters are 

correctly identified. Only the queries for which the domains and the tasks are correctly 

identified are considered in this measure. 

Accuracy of essential information = No. of essential parameters correctly identified by system  
  identification 
                                                            Number of essential parameters identified by system 
 
 
Accuracy of useful information = No. of useful parameters correctly identified by the system 
  identification 
                                                          Number of useful parameters identified by the system 
 
 

The essential parameters identified are 100% accurate in all domain groups. The useful 

parameters are 100% accurate for the domain groups ordering and scheduling. These are 
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found to be 98.5% and 89.2% accurate in the domain groups reservation and travelling, 

making the overall system average as 96.9% for useful information. This gives an 

average of 98.5% accuracy for the missing parameter identification process of the 

system. These accuracy measures are illustrated in Figure 7.31. 

 

Figure 7.31 Accuracy of the essential and useful information identified 

• Missed Information 

Although the accuracy is high for the parameter identification process, it has to be used 

in combination with the missed parameters or the parameters that are not identified by 

the system, in order to evaluate the approach. The missed parameter measure shows the 

percentage of the queries for which the missing parameters are not identified. Only the 

queries for which the domains and the tasks are correctly identified are considered in 

this measure. This is separated for the missing parameter types as essential missing 

parameters and useful missing parameters across the domain groups. 
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Missed essential information = No. of essential parameters not identified by the system 
     
                                                          Total Number of essential parameters required  
 
 
Missed useful information =  No. of useful parameters not identified by the system  
   
                                                        Total Number of useful parameters required  

In the domain group ordering, both the essential and useful information are 100% 

correctly identified. All the required essential information is 100% correctly identified 

for the domain groups scheduling and travelling. In the domain group reservation, about 

1.3% of the essential information required to process create tasks is not identified by the 

system. Out of the useful information, 6.3% of the useful information in the domain 

group scheduling and 1.3% of the useful information in the domain group travelling is 

not identified by the system. This results in about 1.1% of missed parameters by the 

system on average for all domain groups. This is shown in Figure 7.32. 

 

Figure 7.32 Missed essential and useful information 
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The values of the accuracy and missed parameters are tabulated below in Table 7.9.  

Domain 
Group 

Accuracy Missed Parameters E
ssential Info 

U
seful Info 

A
verage 

E
ssential Info 

U
seful Info 

A
verage 

Ordering 100.0 100.0 100.0 0.0 0.0 0.0

Reservation 100.0 98.5 99.3 1.3 0.0 0.7

Scheduling 100.0 100.0 100.0 0.0 6.3 3.1

Travelling 100.0 89.2 94.6 0.0 1.3 0.7

System 100.0 96.9 98.5 0.3 1.9 1.1

Table 7.9 Accuracy and missed parameters of the missing parameter 

identification process 

7.3.4 Evaluation of the System 

In the evaluation of the task identification process, only the queries for which the 

domain is correctly identified are considered. Similarly, only the queries for which the 

domains and the tasks are correctly identified are considered to evaluate the missing 

parameter identification process. Finally, the system is evaluated as a whole in each of 

the stages.  

• Accuracy of the System  

Accuracy of the system is measured in each of the stages, the domain identification 
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process, the task identification process, and the missing parameter identification process. 

The results are tabulated in Table 7.10.  

D
om

ain G
roup

 

D
om

ain Identification 

Task Identification Missing Information 
Identification 

C
reate T

ask 
Identification 

List T
ask 

Identification 

S
ystem

 A
verage 

M
issing E

ssential Info 
Identification 

M
issing U

seful Info 
Identification 

S
ystem

 A
verage 

Ordering 99.0 99.0 99.0 99.0 99.0 99.0 99.0

Reservation 97.4 97.4 97.4 97.4 97.4 96.0 96.7

Scheduling 98.4 98.4 98.4 98.4 98.4 98.4 98.4

Travelling 95.0 95.0 89.3 92.2 95.0 79.6 87.3

System 97.7 97.7 96.3 97.0 97.7 93.5 93.3

 

Table 7.10 Accuracy of the system in each of the stages 

This shows that the system is 93.3% accurate on average in identifying the missing 

information required for query expansion. This means that on average, for 93.3% of the 

queries, the terms selected for the query expansion are accurate. When individual 

domain groups are considered, the average of the system accuracy is 87.3% in the worst 

case, and is 99.0% accurate in the best case. The worst performance is in the domain 

group travelling and the best performance achieved is in the domain group ordering. 

The lowest accuracy of 79.6% is calculated for the missing information identification of 

the list task. These results are illustrated in Figure 7.33. 
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Figure 7.33 Accuracy of the system in each of the stages 

• Missed Queries and Missed Parameters 

As explained in the evaluations of stages, the accuracy measure alone is not sufficient 

enough to evaluate the system. Hence, the missed queries and missed parameter 

measures are also used to evaluate the system. These measures show the information 

that is missed by the system in each of the stages, the domain identification process, the 

task identification process, and the parameter identification process. The results of this 

measure are tabulated in Table 7.11. 

As indicated in the table, the system has failed to identify 5.3% of missing information 

on average. This means that on average, for 5.3% of the queries, information required 

for the query expansion has not been identified by the system. When individual domain 

groups are considered, in the worst case, for 9.5% of the queries in the domain group 

ordering, information required for the query expansion has not been identified by the 
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system. This is due to the fact that for 9.5% of the queries in the domain group ordering, 

the domain is not identified in the first instance. The best case is measured for the 

domain group scheduling where only 1.6% of the information is not identified for create 

tasks of the domain group. These results are illustrated in Figure 7.34. 

Domain Group 

D
om

ain Identification

Task Identification 
Missing Information 

Identification 

C
reate T

ask 
Identification

List T
ask 

Identification

S
ystem

 
A

verage 

M
issing 

E
ssential Info 

Identification

M
issing U

seful 
Info 

Identification

S
ystem

 
A

verage 

Ordering 9.5 9.5 9.5 9.5 9.5 9.5 9.5

Reservation 2.4 2.4 2.4 2.4 3.7 2.4 3.0

Scheduling 1.6 1.6 1.6 1.6 1.6 7.7 4.7

Travelling 3.2 3.2 3.2 3.2 3.2 4.5 3.8

System 4.2 4.2 4.2 4.2 4.5 6.0 5.3

Table 7.11 Queries and parameters missed by the system 

 

 
 

Figure 7.34 Queries and parameters missed by the system 
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7.3.5 Improvement When Used in the Google Search Engine  

The query expansion process is also evaluated using the Google search engine. The 

queries, and then the expanded queries with essential and useful information are issued 

to the search engine, and the results are compared by comparing the number of websites 

retrieved and the relevancy of the first twenty websites. The websites that provided 

information about items/services/providers out of the physical range of the users are 

considered as irrelevant to the user. 

When queries are about an item, service, or provider of item/service, expanding the 

query with the location of the provider reduced the actual number of retrieved sites and 

increased the number of relevant retrieved websites. Similarly, expanding the queries 

with the meanings of the terms in the domains also reduced the number of retrieved 

websites by an average of 74% and retrieved more relevant websites. For example, when 

the terms burger and McDonalds are present in the query, and the query domain is 

Ordering Meal, then adding meanings of the terms as “meal” and “restaurant” showed 

numerous improvement in the search results. However, query expansion with parameters 

such as “how many” and “how long” did not improve the search results. They will be 

used to process answers from the retrieved Websites, improving the results produced to 

the user. 

From about two hundred and fifty queries, the number of websites retrieved when the 

query is issued, is reduced by an average of about 92% by issuing the expanded query. 

Out of the first twenty websites, websites related to the queries are increased by about 

4.5 times when expanded queries are issued, compared to when user queries are issued. 
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7.4 Summary of the Experiments and Evaluation 

The first three stages of the query expansion process that are analysed and presented in 

the previous chapters are implemented and evaluated. The results produced by the 

system and the evaluations of the stages and the system have been discussed in this 

chapter. The empirical values used for the implementation of the first two weighting 

methods and weights of term categories in domains are also included in the chapter. 

Evaluation of the results produced in each of the stages, domain identification, task 

identification, and missing parameter identification have been presented in the chapter. 

The queries and the expanded queries are given to the Google search engine and the 

results are compared to evaluate the expansion process. These results have also been 

discussed in this chapter. These results showed a clear positive impact of the query 

expansion approach proposed in this research. 
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CHAPTER 8 

Conclusions and Future Research 
Directions 

This thesis explores a new approach in personalised query expansion and presents the 

requirements of this expansion. The required domain knowledge, the weighting methods 

used to identify the query domain, and the rules used for the identification of the query 

task and missing parameters are also explained in the thesis. The results of the 

performance of the approach in each of the stages are evaluated and are also presented in 

the thesis. These results have clearly shown that the proposed approach is adoptable in 

many applications requiring query expansion that is personalised to the user. This 

chapter summarises the research, reviews major contributions of this work, and 

describes some of the areas that merit future research. 

8.1 Research Summary 

This research work started with the motivation of incorporating user context in question-
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answering systems. Various question-answering systems and different approaches used 

in question-answering systems are reviewed and presented in Chapter 1. From the 

literature reviews, the main stages of the question-answering systems are identified and 

summarised in this chapter. Of the described stages, the main focus of the research is the 

first stage, question analysis and query formulation. This is because to make use of the 

context to answer queries, a question has to be analysed to decide the suitable context 

that could be used in query formulation. Hence, a query expansion method that adds 

suitable contextual terms to the query to improve the results is considered as the main 

focus of the research. 

When contextual information is used for query expansion in a system, responses 

produced by the system for the same request will vary for different users. This is 

because when user context and preferences are used for the query expansion, the query 

expansion is personalised and the expanded queries will vary for different users. These 

expanded queries are used for processing and hence the results for the same query vary 

for users.  

Various query expansion methods that have been proposed by other researchers are 

explored and summarised in Chapter 2. As the motivation of the research is the context 

usage in query expansion, different interpretations/notions and taxonomies of context 

that have been used to deliver information to the user are also analysed and discussed in 

this chapter. Based on this analysis, context is defined in two ways in this research. In 

the first, context is defined in terms of the environment or situation as the set of facts or 

circumstances that surround a situation or event. These must be tested to activate 
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suitable user preferences. Thus, the context represents the surrounding information that 

must be checked to determine the need for setting up some concrete preferences. This 

situational information can be used to obtain the intended meanings of items describing 

the situation or event. The second way of defining the context is based on linguistics. 

Context is the discourse that surrounds a language unit and helps to determine its 

interpretation. Here, context is used as the “type” or “kind” of the unit.  

A domain-independent architecture that is necessary for a Web application which carries 

out a personalised automatic query expansion is proposed as part of the research, and is 

presented in Chapter 3. The Web application considered in the research has the 

following features: 

• it is domain-independent, 

• it carries out query expansion based on  

- user preferences that are generic and domain-specific, 

- other contextual information such as the user’s location and the time of the 

user query and 

- the task specified in the query, and  

• it makes use of the Web as its information source to process the expanded query.  

The features and the main components of this Web application are explained in this 

chapter. Of the components of this architecture, the QE process of the application is the 

focus of the research, and the required steps for this expansion are identified and 

discussed in this chapter. The contextual information used for the QE is user- , domain-

and task-specific. Furthermore, the context or meaning of terms in a query is/are also 
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domain-specific, as meanings of the key terms are more certain when the domain is 

identified. Therefore, when a query is made by the user, the domain of the query has to 

be initially identified for the following reasons: 

• to extract meaningful terms from the query, 

• to disambiguate the meanings of important terms in the query, 

• to identify the task intended in the query, 

• to identify the essential and useful information required to process the query, 

• to know that information necessary and useful to process the query is given or 

missing in the query, and   

• to obtain the supplementary information that is represented by user- , domain- and 

task-specific preferences in the application domain of the user query.  

Hence, the first stage of the query expansion is identified as the domain identification, 

and the contextual information required in each of the stages of the query expansion is 

also identified and explained in the chapter. 

Domains were defined, modelled, and used by researchers in many different ways. 

These are reviewed in Chapter 4. Domains were defined as being very large to very 

narrow, depending on the requirements. Domains are defined in this research as narrow 

task domains, so that the preferences of the domains can be specified and used for the 

query expansion. Examples include Flight Booking and Ordering Meal. These domains 

are classified based on the tasks, objects used by the tasks, classification of objects, 

relationships among objects, properties of objects, categories of properties, and 

categories of instances of properties. Most of the components of this classification are 
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similar to many other approaches.  

Objects are classified as things, events, people, places, and organisations of the 

application domain. Relationships are associations and dependencies between entities. 

The type of the relationship considered in the domain classification is the contractual 

relationship, which is also referred to as using relationships. Attributes either identify or 

describe objects. Attributes of objects are categorised as identifying attributes and 

describing attributes, based on whether they can be used to identify the object. This is a 

common means of categorisation. Instances of an attribute are categorised based on 

whether the instances are user-specific or domain-specific. If an attribute instance is 

user-specific, then the instances will have different values for different users. These are 

stored as part of the user model. When an attribute instance is common to all users, then 

it is stored as part of the domain model.  

The domain knowledge required to achieve the goals targeted by an application can be 

represented as domain ontology. A foundational domain ontology that is common to all 

domains is defined with the components identified in the domain classification. This 

foundational ontology is used to create core domain ontologies for various domains. The 

domain ontology used in this research and its components are described in Chapter 4. 

There have been many studies on domain identification methods that identify domains 

of queries, speeches, and documents. These methods use domain knowledge such as 

domain ontologies, thesauruses and dictionaries, and statistical measures such as term-

weighting and co-occurrence of words. These are reviewed in Chapter 5. Of the domain 

identification approaches used by researchers, the approach that uses domain ontologies 
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and dictionaries is found to be the most suitable for this research to identify the domains 

of queries. A new domain identification algorithm is proposed and is explained in this 

chapter. This algorithm makes use of the domain dictionary, domain ontology and the 

user profile, and assigns weights to domains based on eight different features. The 

algorithm and the weighting methods are explained in Chapter 5. 

The information used for the query expansion is found to be dependent not only on the 

query domain, but also on the type of the task to be performed by the system. Therefore, 

the next step identified to be necessary for the query expansion is identifying the task 

type of the query. The types of tasks considered in this research are system tasks, that is, 

the tasks that have to be performed by the application. Of the system tasks, this research 

considers the list tasks which request reading the data sources, and create tasks which 

require creating instances in the data sources.  

The task identification and the information required for query expansion are found to be 

similar in groups of application domains with similar activities. Hence, domains are 

grouped based on the main activities carried out in the domains. These are explained in 

Chapter 6. Keywords in the query and their tags in the query domain are identified 

during the domain identification process. Along with these tags and the domain 

ontology, the temporal and task models are also used to identify the task intended in the 

query. The task model contains information such as action verbs and question words that 

are common to all domains. A simplified version of the temporal model is used for the 

task identification.  A set of rules are defined to identify the task types of the query. 

These are explained and represented in first-order logic in Chapter 6.  
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As a list task only reads data sources, it can always be performed with the available 

information. However, when more useful information is provided for the task, more 

filtering can be conducted on the read operation, resulting in a fewer number of results, 

but which are more relevant. In this research, the information that is relevant and 

valuable for a list task is referred to as useful information for the query expansion 

process. When the user task requests a creation in the data source, then certain 

information is essentially required for the creation. Without this information, the 

creation task cannot be performed by the application. In this research, this information 

that is compulsory for the creation task is referred to as essential information for the 

query expansion.  

As the useful information requested for the query expansion is found to vary based on 

the type of the information requested in the query, list tasks are divided, based on the 

type of the information requested in the query. This classification and the rules defined 

for the identification of these list types are explained in Chapter 6. Finally, the rules 

necessary to identify the essential and useful information are identified and presented in 

first-order logic in this chapter. 

Of the main stages of the query expansion process, the first three stages, the domain 

identification, task identification, and missing parameters identification are explored, 

implemented, and evaluated. The spatial model is necessary to extract the missing and 

supplementary information. As this research is not extended to obtain the missing 

information due to time constraints, the spatial model is not implemented. Queries are 

collected from various users and the results of the queries are manually identified for 
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each of the stages and compared with the results produced by the system. The results 

produced by the system and the evaluations of each of the stages and the system are 

discussed in Chapter 7. The queries and the expanded queries are given to the Google 

search engine and the results are compared to evaluate the expansion process. These 

results are also discussed in this chapter. These results show a clear positive impact of 

the query expansion approach proposed in this research. 

8.2 Contributions 

Major contributions of this research work are listed below. 
 

• Proposal of a domain-independent architecture that can be used by any intelligent 

Web application that requires personalised query expansion. 

• The identification of the main stages of a personalised query expansion approach 

with the relevant contextual information required in each of the stages. 

• The domain classification approach, which is based on the objects, classification 

objects, attributes, classification of attributes, instances, and classification of 

instances. 

• The foundational domain ontology, which can be used to create core ontologies 

for new domains, in order to identify query domains. The components of the 
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ontology can be easily understood by anyone who has knowledge of data-

modelling. 

• The user model with generic and domain-specific preferences that could be used 

with the domain ontology to identify the domain of the queries. 

• The new weighting algorithm with eight features, which can be used to identify 

the domains of queries and short texts.  

• A way of disambiguating query terms. When the query domain is identified, 

context/associating meanings of query terms are known. This helps to 

disambiguate key terms of the queries, and limits the scope of the possible 

misinterpretations of query terms. 

• The task model that could be used along with the domain model to identify the 

tasks given in queries. 

• The rules set that can be used to identify tasks intended in queries as the create 

tasks and list tasks. 

• The rules set to identify the essential and useful parameters required to process a 

query in the query domain. 



  267

• Design and implementation of the query expansion system to identify the query 

domain, the task of the query, and the parameters that are required to process the 

query.  

• The test bed, which can be used to create new domains and to investigate the 

impact of the query expansion in new domains. This will show impacts on the 

existing domains when there are overlaps of objects. 

• A new query expansion approach that can be adopted by any system that requires 

personalised query expansion. 

8.3 Future Research Directions 

The query expansion process shows acceptable results. Still, as with any research, there 

is always scope for further investigations and improvements. Some of the major 

improvements and research directions are explained in the following sections. 

Furthermore, the proposed approach can be improved in various related areas. The areas 

that are related to the proposed system are illustrated in Figure 8.1. Improvements in 

each of these areas can be adopted by the system and will have positive impacts on the 

performance.  
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Figure 8.1 Related areas that influence the proposed query expansion process 

8.3.1 Usage of Synonyms  

One of the main reasons for missing queries in the domains is the failure to recognise 

synonyms of the terms present in queries. When the terms in the queries are synonyms 

of the terms in the domain dictionary and domain ontology, then they are not identified 

by the system. For example, in the domain Ordering Meal, meal is modelled as an 

entity. However, when the query contains the term food, then it is not identified by the 

system. This has increased the missed queries significantly. In the worst case, this value 

is found to be as high as 5.1%. Usage of synonyms will help in the identification of tasks 

and missing parameters as well. 



  269

8.3.2 Usage of Related Words in Domain Identification  

In additions to the synonyms, domains have related words other than the entities and 

their attributes. These terms are also used by the users in their queries, and can be used 

to identify the domain of the query. For example in the domain Flight Booking, the 

terms travel and fly could also be used to score weights to the domain. Similarly, the 

terms eat and serve could be used to score in the domain Ordering Meal. These are not 

stored in the current domain ontology, as they are not entities or attributes in the 

domains. Failure to identify these types of related words has increased the missed 

queries by 2.2% on average. In the worst case, this value is found to be as high as 4.2%. 

Usage of these related terms has more value, as the number of implemented domains 

increases. 

8.3.3 Session Maintenance 

Often user queries are short in length, resulting in a fewer number of keywords. In the 

experiment, the average number of keywords is found to be 2.1. In 27.3% of the queries, 

only one keyword is used and 41.9% of the queries contained two keywords. If a session 

can be maintained, information such as the user’s preferences can also be selected from 

the past queries in the same session, if the preferences are not given in the current query. 

It is expected that this will increase the number of keywords used for the domain 

identification, resulting in improvements in the process. Scores of the methods (IV), (V), 

and (VI) are also expected to increase significantly with an increment in the number of 

keywords used. As these methods make greater contributions to the total weight of the 
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domains, an increase of weights in these methods will have a positive impact on the 

domain identification process. 

8.3.4 Automatic Population of Domain Instances 

As with any other approach that makes use of domain ontologies and dictionaries, the 

success of the domain identification process will depend on the knowledge implemented 

about a domain. Although the foundational domain ontology is provided to the domain 

expert and identifying the entities and their attributes in a domain is not difficult for 

anyone who has knowledge of data-modelling, the population of the instances is not 

straightforward. Several approaches have been experimented in the automatic population 

of domain instances using thesauruses and other data sources. If any or some of these 

methods could be used in this system, then the attribute instances can be populated 

automatically. Increase in number of instances will significantly improve the results of 

each of the stages, mainly the domain identification. 

8.3.5 Extraction of Short-term Preferences 

Long-term user preferences are stored in the user profile. Hence, they could be used for 

the query expansion. However, these preferences may vary at times. When there are 

changes in these preferences, users may specify them in their queries. For example, a 

user’s preferred meal may be Italian, which could be stored as part of the domain-

specific preferences of the user. However, at times, the user may prefer to have a change 
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and could request restaurants providing Chinese meals. These preferences have higher 

importance compared to stored user preferences. Hence, user queries have to be 

analysed in order to identify the short-term preferences specified in user queries. 

8.3.6 Learning Capabilities 

Some learning capabilities can be added to the system. For example, learning the user 

preferences from the short-term preferences specified in user queries can be added to the 

system. Furthermore, when the system has to be used in a new domain, and if the 

domain is not implemented, rather than providing the result as “domain not identified”, 

there can be interactions with the user to obtain suggestions from the user. For example, 

if no or fewer keywords are identified in the query, then the keywords can be requested 

from the user. These keywords can be kept as part of the domain as related terms of the 

domain. These added terms can be periodically edited by the domain experts and placed 

in appropriate components of the domain model.  

8.3.7 Improvement in Search Time 

At present, the response time of the system has not been considered. The domain 

dictionary, domain ontology, user profile, task model, and temporal model that are used 

by the system, are stored as tables in databases. This information can be read at the 

beginning when the system is loaded, and can be stored in the memory in suitable data 

structures. This will significantly reduce the search time and hence the response time of 
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the system. 

8.3.8 Processing the Expanded Query to Produce Solutions  

The current system has considered the query expansion process. The expanded queries 

resulting from this system can be used to extract answers from relevant data sources. 

The information-retrieval techniques, along with the passage retrieval and answer-

extraction methods can be combined in order to produce solutions to the user. This 

expansion process can also be combined with an existing answer extraction system, to 

improve the results given to the user. 

8.3.9 Capturing Spatial Context 

In order to expand the user query with contextual information, information such as the 

user’s location is required in some queries. At present, this is requested from the user. 

Rather, it can be captured by the system using appropriate devices. 

8.4 Conclusions 

This thesis presents the need for context usage in query expansion, and shows a new 

approach for personalised query expansion. The first three stages of the proposed query 

expansion approach are explored and implemented. The contextual information required 

for each of the stages has been explained and modelled. The results of the system in each 
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of the stages are evaluated which showed that the proposed approach is adoptable in 

many applications requiring query expansion that is personalised to the user. Adopting 

this system in a new environment and/or in a new domain will be straightforward, as the 

domain creation is semi-automated, the foundational ontology is well defined, and the 

components of the domain ontology can easily be identified by a domain expert who has 

knowledge in data-modelling. The proposed approach could be used by search engines, 

organisations with limited set of task domains, and any application that can be improved 

by making use of personalised query expansion.  
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Appendix A 

Sample Test Queries 

The following are some of the test queries that have been collected and used for the 

testing and evaluation purposes. These do not include the sample queries collected to 

understand the nature of the queries. 

Domain: Ordering Meal 

• List the restaurants opened till mid night in Parramatta. 

• List me the noodles and pasta in a Chinese restaurant. 

• List me restaurants from which I can order Pizza Supreme. 

• List me restaurants that do home deliveries. 

• Get me the nearest Italian restaurant. 

• List me restaurants that are open after 23:00. 

• List me restaurants from which I can buy a coke and a burger for under $10. 

• I feel like Thai.  What time does the local Thai restaurant open? 

• Where is the closest milk bar? 

• What are the good Chinese restaurants in the area? 

• Are there any good Indian restaurants in Sydney? 

• Can I have a less spicy dish? 

• Can I have a fruit juice please?  

• Can I get something vegetarian? 

• I would like to order a vegetarian Pizza with Jalapeno peppers. 
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• Are there any new good places to eat? 

• Can I have the address for the nearest Lonestar. 

• Can you please give me something to eat? 

• Show me burgers from Mcdonalds please. 

• Get me places for Chinese meals for lunch. 

 

Domain: Booking Doctor Appointment 

• Can I book for an appointment with Dr.Peter this morning? 

• I have a lumbar pain, can I see a Doctor for a check-up? 

• Can I make a booking with Dr Huynh tomorrow morning? 

• Get me an appointment with the ophthalmologist.  

• List me doctors in Sydney metropolitan area. 

• I am feeling very sick. Please make an appointment to see Dr Martin for me. 

• Where do I see doctors in Liverpool area? 

• I need a specialist in mental health. 

• May I see my Doctor within the next 2 days? 

• I need to make an appointment to see a doctor within the next 2 days. 

• Could I please make an appointment to see the doctor sometime next week? 

• I’m due for a check up.  How long will a check up take? 

• I’m not feeling very well.  What is the waiting time for this afternoon? 

• My prescription has run out and I need a repeat.  Can you please organise for the 

doctor to write one up for me?  When can I collect it? 

• List me the medical centres open after hours. 

• List the closest Hospitals/Medical Centres. 
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Domain: Booking Doctor Appointment 

• I would like to book for the flight to HCM city, Vietnam around end of January. 

• How much is the airfare from Sydney to Los Angeles, US? 

• How long is the travel time from Sydney to Los Angeles? 

• How much is the airfare applicable to less than 2 year old infant? 

• List me all morning flights to Hong Kong for this week. 

• List me all flights that arrive to Sydney early morning this week. 

• List me all Monday flights between Frankfurt and Singapore. 

• Book me a return flight from Sydney to Hong Kong with Qantas.   

• Check if there is a flight tomorrow morning to Melbourne. 

• What's the cheapest flight from here to China? 

• What's the earliest flight from here to China?  

• Any special ticket in this season, I am heading to America. 

• Please book me a ticket to Singapore for the end of January? 

• Please confirm a ticket to Singapore for the end of January. 

• I need a Europass for 2 weeks in May 2007.  How much does this cost? 

• I’m interested in a cruise.  When does the next one depart from Sydney? 

• Which resorts on the Gold Coast have children activities? 

• When is the best time to go to Egypt? 

• What is the cheapest airfare to Bombay? 

• I need to book 2 adults and 2 kids to travel to Canberra. 

• I need to book a ticket to Europe via Singapore. 

• Can you give me a list of Travel agencies around Parramatta. 

• I would like to travel to India via Singapore and fly back to Sydney via Thailand.  
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• Which one can I use my frequent flyer miles on? 

• Could I have a return ticket for a flight to Canada? 

• What airlines fly to Vancouver? 

• What departure times are available on October 20. 

• Get me flight times from Sydney to Singapore on 10th  or 11th December in 

Singapore Airlines. 

• Get a flight time to The Fifth International Conference on Knowledge Management. 

• List the cheapest path to SriLanka. 

• Find me the flights to SriLanka with a day stay in Bangkok by end May. 

• I am going to China next month. Can I book for a ticket? 

• How can I order a ticket to China? 

• I need a ticket to china end of this month. 

 

Domain: Theatre Seat Booking 

• Show me all cinemas in Parramatta and surrounding suburbs. 

• Get me two tickets for tonight at City Hoyts to see Garfield.  

• Get me two tickets to see La Traviata at the Opera in December. 

• Show me cinemas that are screening Aquamarine this Thursday. 

• Get me cinemas in Parramatta that are screening comedies this Wednesday. 

• Please book 10 gold class ticket for the Monster House tomorrow night at 7:10. 

session. 

• Any special for group booking? I want to book 30 people to watch movie Garfield. 

• What shows are showing now?  

• Are there any English movies? 



  299

• What are the kids movies that are running in this school holiday? 

• Can you book 2 seats for me to the 12noon show tomorrow for Lion King. 

• Which screening still has tickets available? 

• Are seats available for Lion King? 

• Are seats available for any movies rated as G or PG at Hoyts for today? 

 

Domain : Hotel Room Booking 

• List me all bed and breakfast accommodation in Perth. 

• Book me a double room for three nights at Holiday Inn in London. 

• List me all hotels that are in Chicago CBD. 

• List me hotels in Toronto that organize tours to Niagara Falls. 

• List me all serviced apartments in Frankfurt. 

• I want a single bedroom please. 

• I want a room have the following facilites: spa, Internet, Cable TV, etc. 

• Please give me a room in a quite section. 

• I want the room on the top floor, and facing the sea, can you book me in please. 

• Can you list me three star hotels in Parramatta? 

• I would like to book a one bedroom serviced apartment for 10 days. 

• Which three star or higher hotels have rooms available and at what price? 

• Are there any rooms available for this Saturday night? 

• Do you have breakfast room service or do we have to go to the dining room. 

• I would like to book an accommodation with two bedrooms please. 
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Appendix B 

Sample Domain Models  

Out of the implemented domains, domain models of the domains Ordering Meal and 

Theatre Seat Booking are tabulated below in tables B-1 and B-2. 

Domain : Ordering Meal 

Entities Entity 

Categories 

Attributes Attribute 

Categories 

Examples of 

Instances 

Order Event (not considered)   

Meal Physical Thing Meal Name Identifying Burger 
Cake 
Pizza 

Meal Type Identifying Snack 
Lunch 
Dish 

Meal Description Describing Vegetarian 
Fast food 
Spicy 

Drink Physical Thing Drink Name Identifying Milk 
Juice 
Water 

Drink Type Identifying Juice 
Soft drink 
Smoothie 

Restaurant Business place Restaurant Name Identifying Pizza Hut 
McDonalds 
Lone star 

Restaurant Type Describing Pub 
Eat In 
Fast food 

Restaurant 

Specialty 

Describing Chinese 
Thai 
Indian 

Table B-1 Sample domain model for the domain Ordering Meal 
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Domain : Theatre Seat Booking 

Entities Entity 

Categories 

Attributes Attribute 

Categories 

Example of 

Instances 

Ticket Physical Thing Fare  (not considered) 

Seat Conceptual Thing Seat Type Describing Balcony 
VIP Class 

Theatre Business place Theatre Type Identifying Cinema 
Flexible Theatre 

  Theatre Name Identifying Hoyts 
Opera 
Reading 

Show Conceptual Thing Show Name Identifying Lion King 
Happy Feet 

  Show Type Identifying Concert 
Film 
Movie 

  Show Category Describing Adult 
Kids 
Comedy 

  Actor Describing Tom Cruise 
Alan Arkin 
Jennifer Lopez 

  Director Describing Michael Moore 
Stuart Rosenburg 

Booking Event (not considered)   

Table B-2 Sample domain model for the domain Theatre Seat Booking 
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Appendix C 

Implementation of the Domain Dictionary and Domain 

Ontology 

As explained in chapters 5 and 6, the domain ontology is the main component of the 

system. It is used in each of the stages. Creation of the domain ontology is a semi-

automatic process in the implemented system. To create a new domain, a domain expert 

has to identify the main components of the domain that are required in the domain 

ontology, and could use the interfaces provided by the system to store this knowledge in 

the system. The same interfaces can be used to edit existing domains. The domain 

creation consists of eleven steps, and during the creation process, the domain expert can 

follow these steps to have a complete domain model. These steps and the interfaces 

provided in order to carry out these steps are given below. 

• Naming Domains and Adding Entities and Attributes 

An interface is given to the domain expert to add new domains. Entities of the domains 

can be newly added, or can be selected from existing entities. This is because an entity 

can belong to more than one domain. Similarly, attributes of the domains can be newly 

added or can be taken from existing attributes. When new entities and attributes are 

added, they are added to the domain dictionary by the system. Possible categories of 

entities, attributes and instances are provided to the domain expert by the system out of 

which a suitable category can be selected. These categories have been explained in 
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Section 4.3. This interface is depicted below in Figure C-1. 

 

Figure C-1  Interface for adding and editing domains, entities and attributes 

• Relationships among Entities in a Domain 

Once the entities of a domain are defined, relationships among them can be added to the 

domain model. The interface provided for this purpose lists the entities of the selected 

domain to define relationships. The relationships already defined are listed to 

view/edit/delete. This interface is illustrated in Figure C-2. 
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Figure C-2  Interface for adding and editing relationships in domains 

• Instances of Attributes 

When attributes of entities are defined in a domain and if there are new attributes, new 

tables are created by the system to store the instances of the attributes. This is not visible 

to the domain expert. New instances of selected attributes can be added or existing 

instances of attributes can be viewed/edited using the interface presented in Figure C-3. 
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Figure C-3  Interface for adding and editing attribute instances 

• Action Verbs 

The following interface (Figure C-4) lists the existing action verbs, provides a facility 

for adding new action verbs, and allows the definition of entities related to the selected 

action verbs.  
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Figure C-4  Interface for adding and editing action verbs and entities related to action 
verbs 

• States of Entities  

Entities have states related to time in domains. States of the entities in a domain can be 

added or edited in the system, using the interface presented in Figure C-5.  
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Figure C-5  Interface for adding and editing states of entities in domains 

• Providers of Things in Domains 

The following interface (Figure C-6) is used by the system to list only the entities that 

are of the type business organisation/person, from which the providers of the domain can 

be selected by the domain expert.  
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Figure C-6  Interface for adding and editing providers of domains 

• Domain Groups and Parameters  

The implemented system allows for the addition of new domain groups, and domains 

can be assigned to these domain groups. Furthermore, the parameters that are essential 

and useful for the query expansion can be defined for the domain groups in the system. 

The interface provided for this purpose is depicted in Figure C-7. 
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Figure C-7  Interface for adding and editing domain groups and their parameters 

• Domain-independent Values 

Along with the domain context, contextual information such as temporal context and the 

task context are also used to identify the tasks and missing parameters. As described in 

Section 6.3.3, the task model consists of question words and action verbs. Among the 

action verbs, create action verbs are specific to domains and are stored as part of the 

domain model. The common action verbs and list verbs are domain-independent and are 

stored separately by the system. Interfaces are provided by the system to add and edit 

these temporal values, spatial values, question words, common action verbs, and list 

verbs. A sample interface is presented in Figure C-8. 
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Figure C-8  Interface for adding and editing question words 

• Users and User Preferences 

The options and the interfaces presented in Sections 7.1.2, and 7.1.3 are to be used only 

by the domain experts. Users of the system have preferences and these preferences are 

stored as part of the user profile. These preferences are used to identify the keywords in 

user queries. Hence, domain experts and the other users have to be identified by the 

system. For this purpose, users are allowed to provide user names and passwords to the 

system. An existing user has to login in order to make use of the preferences. A user can 

add her/him to the system and then can add her/his preferences. Only the attributes that 

are defined in the domain model to have user-specific values for instances are listed to 

the users. A user can add more than one instance for the same attribute. For example, a 
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user could have more than one preferred doctor, and hence will have more than one 

instance in the preferences for the attribute Doctor’s name, in the domain Booking 

Doctor’s Appointment. The interface provided to general users in order to add their 

preferences is presented in Figure C-9. 

  

Figure C -9  Interface for adding and editing user preferences 
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Appendix D 

List of Stop words 

Stop words used by systems vary based on the requirements of the system. The 

following is the list of stop words used in this research. 

a 

about 

above 

across 

again 

against 

all 

almost 

alone 

along 

already 

also 

although 

always 

am 

among 

amongst 

amoungst 

an 

and 

another 

any 

anyhow 

anyone 

anything 

anyway 

anywhere 

are 

as 

at 

back 

be 

became 

because 

become 

becomes 

becoming 

been 

before 

beforehand 

being 

beside 

besides 

but 

by 

can 

cannot 

cant 

case 

certain 

certainly 

clear 

clearly 

co 

con 

could 

couldnt 

de 

did 

do 

does 

doesnt 

done 

eg 

either 

else 

elsewhere 

empty 

enough 

etc 

even 

ever 

every 

everyone 

everything 

everywhere 

except 

few 

fill 

find 

for 

former 

formerly 

found 

from 

full 

further 

got 

great 

had 

has 

hasnt 

he 

hence 

her 

here 

hereafter 

hereby 

herein 

hereupon 

hers 

herself 

him 

himself 

his 

however 

i 

ie 

if 

inc 
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indeed 

interest 

into 

is 

it 

its 

itself 

least 

less 

let 

like 

ltd 

me 

might 

more 

moreover 

most 

mostly 

much 

must 

my 

myself 

neither 

never 

nevertheless 

next 

no 

nobody 

none 

nor 

not 

nothing 

nowhere 

of 

off 

often 

on 

once 

only 

onto 

or 

other 

others 

otherwise 

our 

ours 

ourselves 

per 

perhaps 

please 

rather 

really 

seem 

seemed 

seeming 

seems 

serious 

she 

should 

since 

so 

some 

somehow 

someone 

something 

sometime 

sometimes 

still 

such 

than 

that 

the 

their 

them 

themselves 

then 

thence 

there 

thereafter 

thereby 

therefore 

therein 

thereupon 

these 

they 

thick 

thin 

third 

this 

those 

though 

through 

throughout 

thru 

thus 

to 

together 

too 

un 

us 

very 

was 

we 

well 

were 

will 

with 

within 

without 

would 

yet 

you 

your 

yours 

yourself 

yourselves 
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Appendix E 

Sample Screenshots of Query Execution 

Some of the sample screenshots captured during the execution of the system   are 

provided in the figures below. 

 

Figure E-1 Screenshot of a query execution in the domain Theatre Seat Booking 
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Figure E-2 Screenshot of a query execution in the domain Ordering Meal 
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Figure E-3 Screenshot of a query execution in the domain Hotel Room Booking 
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Figure E-4 Screenshot of a query execution where no domain is identified 
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Appendix F 

Sample Queries and Weights Received in Each Implemented 
Domain  

Some of the sample queries along with their weights received in each of the methods in 

each of the implemented domains is listed in the following table. 



M1 M2

Weight Weight

List me restaurants from which I can order Pizza Supreme Ordering meal Ordering meal 3.00000 3.00000

List me restaurants that do home deliveries Ordering meal Ordering meal 1.00000 1.00000

Get me nearest Italian restaurant Ordering meal Ordering meal 2.00000 2.00000

List me restaurants that are open after 23:00 Ordering meal Ordering meal 1.00000 1.00000

List me restaurants from which I can buy a coke and a burger for under $10 Ordering meal Ordering meal 3.00000 3.00000

What varieties of dishes are available under $20? Ordering meal Ordering meal 1.00000 1.00000

Where is the closest McDonalds? Ordering meal Ordering meal 0.50000 1.00000

I feel like Thai.  What time does the local Thai restaurant open? Ordering meal Ordering meal 2.00000 2.00000

Where is the closest milk bar? Ordering meal Ordering meal 3.00000 3.00000

What are the good Chinese restaurants in the area Ordering meal Ordering meal 2.00000 2.00000

Are there any good Indian restaurants in Sydney Ordering meal Ordering meal 2.00000 2.00000

Can I get something vegetarian? Ordering meal Ordering meal 1.00000 1.00000

I would like to order a vegetarian Pizza with Jalapeno peppers. Ordering meal Ordering meal 3.00000 3.00000

I would like to order a large French fries, with sauce Ordering meal Ordering meal 2.00000 2.00000

Which the closest Pizzahut for my suburb Ordering meal Ordering meal 1.00000 1.00000

Are there any new good places to eat ? Ordering meal - 0.00000 0.00000

I want to have some food Ordering meal - 0.00000 0.00000

Can I get something to eat Ordering meal - 0.00000 0.00000

List me the noodles and pasta in a Chinese restaurant Ordering meal Ordering meal 4.00000 4.00000

Query 

Identified Domain

Manual System

319



M3 M4 M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.75000 0.31250 0.00000 0.43750 0.00000 0.12500 4.37500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.16667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.53125 0.00000 0.26563 0.00000 0.00000 0.50000 2.89584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.16667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.75000 0.00000 0.00000 0.62500 0.00000 0.00000 4.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.62500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.53125 0.00000 0.26563 0.00000 0.00000 0.50000 2.89584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.18750 0.03125 0.00000 0.07812 0.00000 0.00000 2.40624 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.53125 0.00000 0.26563 0.00000 0.00000 0.00000 2.39584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.53125 0.00000 0.26563 0.00000 0.00000 0.00000 2.39584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.37500 0.00000 0.00000 0.12500 0.00000 0.12500 2.75000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.25000 0.00000 0.00000 0.12500 0.00000 0.12500 1.95833 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.78125 0.12500 0.26563 0.31250 0.00000 0.50000 5.35418 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ordering Meal

Total 
Weight

Booking Doctor Appointment



M1 M2 M3 M4 M5 M6 M7 M8 M1 M2 M3 M4

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.50000 1.00000 0.03125 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Total 
Weight

Flight Booking Theatr

Total 
Weight



M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.53125 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Hotel accomodation booking

Total 
Weight

re Seat Booking

Total 
Weight



M1 M2

Weight Weight

Where can I get some chinese food Ordering meal Ordering meal 1.00000 1.00000

Can place my meal order now? Ordering meal Ordering meal 1.50000 2.00000

Does the restaurant serve authentic Chinese Ordering meal Ordering meal 2.00000 2.00000

I have a lumbar pain, can I see you for a check up? Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Can I make a booking with Dr Huynh tomorrow morning? Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Get me an appointment with my doctor tomorrow at 10am Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Get me an appointment with the ophthalmologist next Tuesday Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

List me doctors in Sydney metropolitan area Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

I am feeling very sick, please make an appointment to see Dr Martin for me. Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Where do I see doctors in Liverpool area? Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

I am feeling sick in my stomach, which doctor can I see? Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

I need a specialist in mental health. Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Is there a skin specialist at your center Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Is there a Indian doctor at your center Booking Doctor's Appointment Booking Doctor's Appointment1.00000 1.00000

What are the times the Indian doctor is working Booking Doctor's Appointment Booking Doctor's Appointment1.00000 1.00000

What is the earliest date I can get an appointment  with Peter Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

I need an appointment with any female doctor available. Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Can you book any available doctor after 5pm Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Query 

Identified Domain

Manual System

320



M3 M4 M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.62500 0.31250 0.00000 0.31250 0.00000 0.62500 3.66667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.53125 0.00000 0.26563 0.00000 0.00000 0.50000 2.89584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.06250 0.03125 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.62500 0.00000 0.00000 0.00000 0.12500 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 1.00000 0.50000 0.00000 0.50000 0.00000 1.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.53125 0.00000 0.00000 0.26562 0.00000 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 3.00000 3.00000 0.65625 0.00000 0.00000 0.31250 0.12500 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.53125 0.00000 0.00000 0.26562 0.00000 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000

0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.50000

0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.62500 0.00000 0.00000 0.31250 0.12500 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 1.00000 0.50000 0.00000 0.50000 0.00000 1.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.50000

Ordering Meal Booking Doctor Appointment

Total 
Weight



M1 M2 M3 M4 M5 M6 M7 M8 M1 M2 M3 M4

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.45833 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

2.70833 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.12500 0.69444 1.00000 0.33333 0.12500 0.00000

5.33333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

2.89582 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.16667 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

4.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.16667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

2.89582 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.69792 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.69792 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.66667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.66667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

3.33333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

5.33333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.66667 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000

Flight Booking Theatr

Total 
Weight

Total 
Weight



M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.50000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.53125

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.12500 0.69444 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.12500 0.69444

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944

re Seat Booking Hotel accomodation booking

Total 
Weight

Total 
Weight



M1 M2

Weight Weight

Can you make an appointment with Dr Peter for my daughter Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

List me the pediatricians available in Parramatta Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Could I get the address for a physiotherapist Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

Get me an appointment with a cardiologist within three days with my insurance cBooking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

List me the medical centres open after hours Booking Doctor's Appointment Booking Doctor's Appointment0.00000 0.00000

I would like to book for the flight to Vietnam around end of January Flight Booking Flight Booking 0.00000 0.00000

How much is the airfare from Sydney to Los Angeles, US? Flight Booking Flight Booking 0.00000 0.00000

How long is the travel time from Sydney to Los Angeles? Flight Booking Flight Booking 0.00000 0.00000

List me all morning flights to Hong Kong for this week Flight Booking Flight Booking 0.00000 0.00000

List me all flights that arrive to Sydney early morning this week Flight Booking Flight Booking 0.00000 0.00000

List me all Monday flights between Frankfurt and Singapore Flight Booking Flight Booking 0.00000 0.00000

Book me a return flight from Sydney to Hong Kong with Qantas  Flight Booking Flight Booking 0.00000 0.00000

Check if there is a flight tomorrow morning to Melbourne Flight Booking Flight Booking 0.00000 0.00000

What's the cheapest flight from here to China? Flight Booking Flight Booking 0.00000 0.00000

What's the earliest flight from here to China? Flight Booking Flight Booking 0.00000 0.00000

Any special ticket in this season, I am heading to America Flight Booking Flight Booking 0.00000 0.00000

Do you have any vacancies at the end of January for a flight to Singapore? Flight Booking Flight Booking 0.00000 0.00000

I need a Europass for 2 weeks in May 2007.  How much does this cost? Flight Booking - 0.00000 0.00000

I’m interested in a cruise.  When does the next one depart from Sydney? Flight Booking - 0.00000 0.00000

Query 

Identified Domain

Manual System

321



M3 M4 M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.62500 0.00000 0.00000 0.31250 0.12500 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.53125 0.00000 0.00000 0.26562 0.00000 0.50000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ordering Meal Booking Doctor Appointment

Total 
Weight



M1 M2 M3 M4 M5 M6 M7 M8 M1 M2 M3 M4

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

3.33333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.69792 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.69792 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

2.89582 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1.16667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 3.00000 2.33333 0.65625 0.31250 0.00000 0.31250 0.00000 0.50000 4.18403 1.00000 0.33333 0.12500 0.00000

0.00000 3.00000 3.00000 0.12500 0.00000 0.00000 0.00000 0.00000 0.06250 2.18750 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 2.00000 0.06250 0.03125 0.00000 0.00000 0.00000 0.00000 1.45833 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 2.00000 0.53125 0.00000 0.00000 0.00000 0.00000 0.00000 1.86458 0.00000 0.00000 0.00000 0.00000

0.00000 3.00000 3.00000 0.59375 0.00000 0.00000 0.32812 0.00000 0.00000 3.24999 0.00000 0.00000 0.00000 0.00000

0.00000 3.00000 3.00000 0.56250 0.00000 0.00000 0.00000 0.00000 0.00000 2.56250 0.00000 0.00000 0.00000 0.00000

0.00000 5.00000 4.33333 0.81250 0.31250 0.00000 0.62500 0.00000 0.50000 6.29861 1.00000 0.33333 0.12500 0.00000

0.00000 2.00000 2.00000 0.53125 0.00000 0.00000 0.00000 0.00000 0.50000 2.36458 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 2.00000 0.53215 0.00000 0.00000 0.00000 0.00000 0.50000 2.36548 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 2.00000 0.53215 0.00000 0.00000 0.00000 0.00000 0.50000 2.36548 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 1.50000 0.53125 0.00000 0.00000 0.00000 0.00000 0.50000 2.19792 1.00000 0.50000 0.50000 0.00000

0.00000 2.00000 2.00000 0.53215 0.00000 0.00000 0.00000 0.00000 0.50000 2.36548 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 2.00000 0.09375 0.00000 0.00000 0.04688 0.00000 0.06250 1.58334 0.00000 0.00000 0.00000 0.00000

Flight Booking Theatr

Total 
Weight

Total 
Weight



M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.50000 1.50000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

re Seat Booking Hotel accomodation booking

Total 
Weight

Total 
Weight



M1 M2

Weight Weight

What is the cheapest airfare to Bombay Flight Booking Flight Booking 0.00000 0.00000

What are the dates I can fly to Bombay Flight Booking Flight Booking 0.00000 0.00000

Can you give me a list of Travel agencies around Parramatta Flight Booking Flight Booking 0.00000 0.00000

Show me all cinemas in Parramatta and surrounding suburbs Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Get me two tickets for tonight at City Hoyts to see Garfield  Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Get me two reserve A tickets to see La Traviata at the Opera in December Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Show me cinemas that are screening Aquamarine this Thursday Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Tell me the new movies showing now Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Please book 10 gold class ticket for the Monster House tomorrow night at 7:10 s Theatre seat Booking Theatre seat Booking 0.00000 0.00000

What shows are showing now Theatre seat Booking Theatre seat Booking 0.00000 0.00000

How much is the ticket for movies Theatre seat Booking Theatre seat Booking 0.00000 0.00000

What are the kids movies that are running in this school holiday Theatre seat Booking Theatre seat Booking 0.00000 0.00000

Which screening still has tickets available ? Theatre seat Booking Theatre seat Booking/Flight book 0.00000 0.00000

May I see the seating arranging arrangments at the venue Theatre seat Booking Theatre seat Booking/Flight book 0.00000 0.00000

Are balcony tickets available for the 3:00 session Theatre seat Booking Theatre seat Booking 0.00000 0.00000

List me all bed and breakfast accommodation in Perth Hotel Room Booking Hotel Room Booking 1.00000 1.50000

Book me a double room for three nights at Holiday Inn in London Hotel Room Booking Hotel Room Booking 1.00000 1.00000

List me all hotels that are in Chicago CBD Hotel Room Booking Hotel Room Booking 0.00000 0.00000

List me hotels in Toronto that organize tours to Niagara Falls Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Query 

Identified Domain

Manual System

322



M3 M4 M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.15625 0.00000 0.00000 0.07812 0.00000 0.00000 1.14582 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ordering Meal Booking Doctor Appointment

Total 
Weight



M1 M2 M3 M4 M5 M6 M7 M8 M1 M2 M3 M4

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 2.00000 2.00000 0.09375 0.00000 0.00000 0.00000 0.00000 0.06250 1.48958 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.16667 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.62500 0.00000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 2.00000 1.50000 0.62500 0.00000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 2.00000 1.50000 0.62500 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 3.00000 3.00000 0.75000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.53125 0.00000

0.00000 3.00000 1.33333 0.65625 0.31250 0.00000 0.65625 0.00000 0.50000 4.53819 4.00000 2.33333 0.78125 0.31250

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 1.00000 0.50000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.50000 1.50000 2.00000 1.50000 0.53125 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.06250 0.00000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.50000 0.00000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.50000 0.00000

0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 2.00000 1.50000 0.53125 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 2.00000 1.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 1.23611 1.00000 0.33333 0.12500 0.00000

0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Flight Booking Theatr

Total 
Weight

Total 
Weight



M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.31250 0.00000 0.50000 3.08333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.31250 0.00000 0.00000 2.41667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.31250 0.00000 0.00000 2.41667 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.31250 0.00000 0.50000 3.87500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 1.86458 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.51562 0.00000 0.50000 5.04860 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944

0.00000 0.00000 0.00000 0.00000 3.33333 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.26562 0.00000 0.50000 2.72916 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 1.39583 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.26562 0.00000 0.00000 2.22916 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 2.50000 2.50000 0.56250 0.00000 0.00000 0.00000 0.00000 0.50000 2.72917

0.00000 0.00000 0.00000 0.00000 0.56944 2.00000 1.33333 0.25000 0.00000 0.00000 0.12500 0.00000 0.00000 1.61111

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000

re Seat Booking Hotel accomodation booking

Total 
Weight

Total 
Weight



M1 M2

Weight Weight

List me all serviced apartments in Frankfurt Hotel Room Booking Hotel Room Booking 0.00000 0.00000

I want a single bedroom please Hotel Room Booking Hotel Room Booking 0.00000 0.00000

I want a room have the following facilites: spa, Internet, Cable TV, etc. Hotel Room Booking Hotel Room Booking 1.00000 0.50000

Please give me a room in a quite section Hotel Room Booking Hotel Room Booking 0.00000 0.00000

What are the hotels in   Thailand city Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Can I book a room for next Tuesday Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Can you list me three star hotels in Parramatta Hotel Room Booking Hotel Room Booking 0.00000 0.00000

I would like to book a one bedroom serviced apartment for 10 days. Hotel Room Booking Hotel Room Booking 0.00000 0.00000

What accomodation is available in that city Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Are there any rooms available for this Saturday night Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Does the room cost include breakfast Hotel Room Booking Hotel Room Booking 0.50000 1.00000

Do you have breakfast room service or do we have to go to the dining room Hotel Room Booking Hotel Room Booking 1.00000 1.50000

I would like to book an accomodation with two bedrooms please Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Can you give me single room accomodation Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Can you give me single room accomodation with AC and internet Hotel Room Booking Hotel Room Booking 0.00000 0.00000

I need a cabin with cooking facility Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Can you give me self contained two bedroom accomodation Hotel Room Booking Hotel Room Booking 0.00000 0.00000

Query 

Identified Domain

Manual System

323



M3 M4 M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.53125 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.62500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.15625 0.00000 0.00000 0.07812 0.00000 0.00000 1.14582 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ordering Meal Booking Doctor Appointment

Total 
Weight



M1 M2 M3 M4 M5 M6 M7 M8 M1 M2 M3 M4

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 1.00000 0.33333 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.56944 1.00000 0.33333 0.12500 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Flight Booking Theatr

Total 
Weight

Total 
Weight



M5 M6 M7 M8 M1 M2 M3 M4 M5 M6 M7 M8

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight

0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.15625 0.00000 0.00000 0.00000 0.00000 0.00000 1.48958

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.03125 0.00000 0.00000 0.00000 0.00000 0.00000 0.69792

0.00000 0.00000 0.00000 0.00000 0.00000 5.00000 4.50000 0.25000 0.03125 0.00000 0.00000 0.00000 0.00000 3.47917

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.50000 0.50000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000

0.00000 0.00000 0.00000 0.00000 0.56944 2.00000 1.33333 0.25000 0.00000 0.00000 0.12500 0.00000 0.00000 1.61111

0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 1.00000 0.53125 0.00000 0.26563 0.00000 0.00000 0.00000 2.06251

0.00000 0.00000 0.00000 0.00000 0.56944 4.00000 3.33333 0.31250 0.03125 0.00000 0.00000 0.00000 0.00000 2.81944

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.50000 0.00000 0.00000 0.00000 0.00000 0.50000 1.66667

0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 1.00000 0.12500 0.00000 0.00000 0.00000 0.00000 0.00000 0.79167

0.00000 0.00000 0.00000 0.00000 0.00000 1.50000 2.00000 0.15625 0.00000 0.00000 0.00000 0.00000 0.00000 1.32292

0.00000 0.00000 0.00000 0.00000 0.00000 2.50000 2.50000 0.18750 0.00000 0.00000 0.00000 0.00000 0.00000 1.85417

0.00000 0.00000 0.00000 0.00000 0.56944 3.00000 2.33333 0.65625 0.31250 0.26563 0.00000 0.00000 0.50000 4.09029

0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.62500 0.00000 0.31250 0.00000 0.00000 0.50000 3.08333

0.00000 0.00000 0.00000 0.00000 0.00000 4.00000 4.00000 0.68750 0.03125 0.31250 0.00000 0.00000 0.50000 4.54167

0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 2.00000 0.15625 0.00000 0.00000 0.00000 0.00000 0.00000 1.48958

0.00000 0.00000 0.00000 0.00000 0.00000 3.00000 3.00000 0.56250 0.03125 0.53126 0.00000 0.00000 0.50000 4.18752

re Seat Booking Hotel accomodation booking

Total 
Weight

Total 
Weight
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Appendix G 

Sample Queries with Tasks and Information Required for QE   

Identified by the System  

Some of the sample queries along with the tasks and information required for QE 

identified by the system is listed in the following table. 

 



Location (w
here)

T
im

e (w
hen)

R
equired T

im
e 

P
eriod (how

long)

R
equired N

um
bers 

(how
 m

any)

S
tart Location

E
nd Location

What are the ingredients in a spinach salad Ordering list

List me restaurants that do home deliveries Ordering list ?

I want to order my favorite Satay chicken Ordering create? ?

Can I have a fruit juice Ordering create ? ?

I need 2 muffins and a drink. Thanks Ordering create ? ?

Can I get something vegetarian? Ordering create ?

List me restaurants that are open after 23:00 Ordering list ?

Where is the closest McDonalds? Ordering list ?

I feel like Thai.  What time does the local Thai restaurant open? Ordering list ?

How much is the special fish of the day at Chinese Dragon ? Ordering list ?

List me restaurants from which I can order Pizza Supreme Ordering list ?

What are the seafood available today at Indolanka Ordering list ?

Where do I see doctors in Liverpool area? Scheduling list ?

List me doctors in Sydney metropolitan area Scheduling list ?

When is my doctor available ? Scheduling list ?

List the closest Hospitals / Medical Centres Scheduling list ?

What is the earliest date I can get an appointment  with Peter Scheduling list?

What is the earliest date I can get an appointment  with the Doctor Scheduling list?

Essential/useful info. identified by system that 
are required for processing

Domain 
Category

T
ask T

ype

Query 
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Location (w
here)

T
im

e (w
hen)

R
equired T

im
e 

P
eriod (how

long)

R
equired N

um
bers 

(how
 m

any)

S
tart Location

E
nd Location

I have a lumbar pain, can I see a Doctor  for a check up? Scheduling create? ?

Get me an appointment with my doctor tomorrow at 10am Scheduling create? ?

Get me an appointment with the ophthalmologist next Tuesday Scheduling create? ?

Please book me an appointment with my doctor within the next 2 days Scheduling create? ?

Give me a list of Travel agencies around Parramatta Travelling list ? ? ?

What airlines fly to Singapore ? Travelling list ? ? ?

How much is the airfare from Sydney to Los Angeles, US? Travelling list ? ?

How long is the travel time from Sydney to Los Angeles? Travelling list ? ?

What's the cheapest flight from here to China? Travelling list ? ?

How much is a ticket from Sydney to China Travelling list ? ?

How can I order a ticket to China Travelling list ? ? ?

I would like to book for the flight to Vietnam around end of January Travelling create? ? ? ? ?

Book me a return flight from Sydney to Hong Kong with Qantas  Travelling create? ? ? ? ?

I want to get a ticket to shanghai Travelling create ? ? ? ? ?

I am flying to China end of this month, can I make a booking ? Travelling create? ? ? ? ?

Can I get the price of concession tickets for movies Reservation list ? ? ?

Can you get me 2 adult and 2 child tickets to travel India by day after tomTravelling create ? ? ? ? ?

How much is the ticket for movies Reservation list ?

Query 
Domain 

Category

T
ask T

ype

Essential/useful info. identified by system that 
are required for processing
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Location (w
here)

T
im

e (w
hen)

R
equired T

im
e 

P
eriod (how

long)

R
equired N

um
bers 

(how
 m

any)

S
tart Location

E
nd Location

Are there student rates for movie session Reservation list ?

List me all bed and breakfast accommodation in Perth Reservation list ?

List me all serviced apartments in Frankfurt Reservation list ?

Show me all cinemas in Parramatta and surrounding suburbs Reservation list?

Do the cinemas show movies on Saturday Reservation list ?

What are the hotels in   Thailand city Reservation list ?

Can I get discounts for a group booking for shows? Reservation list ?

What is the cost of group booking for Garfield Reservation list ?

Show me cinemas that are screening Aquamarine this Thursday Reservation list? ?

Get me cinemas in Parramatta that are screening comedies this WednesdaReservation list ? ?

Tell me the new movies showing now Reservation list ? ?

Which screening still has tickets available ? Reservation list ? ?

Get me two tickets for tonight at City Hoyts to see Garfield  Reservation create? ? ?

Get me two reserve A tickets to see La Traviata at the Opera in DecemberReservation create ? ? ?
Book me two tickets for the La Premiere screening of Julius Caesar 
screening at the Sydney Opera house for 2 November. Reservation create? ? ?

Book me a double room for three nights at Holiday Inn in London Reservation create? ? ? ?

Can I get a single bedroom please Reservation create? ? ? ?

I would like to book a one bedroom serviced apartment for 10 days. Reservation create? ? ? ?

Can I get a single room accomodation with AC and internet Reservation create? ? ? ?

Can I get a cabin with cooking facility Reservation create? ? ? ?

When is the next available time to make an appointment with my Doctor Scheduling list ?

Query 
Domain 

Category

T
ask T

ype

Essential/useful info. identified by system that 
are required for processing
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