
17 
FAQ answering on WWW using 
shallow language understanding 

E. Sneiders 
Department 0/ Computer and System Sciences 
Royal Institute 0/ Technology and Stockholm University 
Electrum 230, S - 164 40 Kista 
Sweden 
E-mail: eriks@dsv.su.se 

Abstract 
While advertising some product, service or activity, information providers often put 
forward so called frequently asked questions (FAQ). The answers to these questions 
help people to understand details of the information. The research presented in this 
paper will help to improve users' interaction with information supplied through an 
FAQ collection on the World Wide Web. Problems with existing FAQ lists are 
observed and solutions to these problems proposed. 

In this paper, the development of an automated Web-based FAQ answering 
system, which provides pre-stored answers to users' questions asked in natural 
English, is discussed. The natural language interface makes users' interaction with 
the system more enjoyable, as weIl as lets the FAQ authors find out what 
questions the users actually have. The system maintains its own question-and
answer base. The structure of the database, which is implemented as a relational 
database, as weIl as the searching algorithms, are discussed. The system uses 
shallow language understanding to process questions. Within the scope of this 
research, the Prioritized Keyword Matching algorithm, which is based on 
distinguishing primary and secondary keywords, has been developed. It is used to 
match the user's question against separate entries in a narrow subset of the 
question-and-answer base. 

Keywords 
FAQ, frequently asked questions, FAQ answering, question answering, WWW, 
shallow language understanding, keyword matching 

Information Systems in the WWW Environment C. Rolland, Y. Chen & M. Fang (Eds.) 
© 1998 IFIP. Published by Chapman & Hall 



FAQ answering on WWWusing shallow language understanding 299 

INTRODUCTION 

The recent boom of the Internet has established a new environment for information 
exchange, and has substantially broadened capabilities of communication and 
information systems. The Wor!d Wide Web (WWW) is one ofthe most extensively 
used Internet services. If available, brief information on WWW is preferred to paper 
printed references, because in most cases the Web-based information is kept up to 
date and available for any computer connected to the Internet unless special 
restrictions are applied. The Internet search engines provide indexing of the 
information. Multi- and hyper-media technologies enrich the forms of presentation 
of the information. Therefore information systems often use WWW as a medium 
for communication with their users, where Web browsers are used as a remote 
graphical user interface tool. 

Often websites are aimed at providing information support to the products, 
services and other activities that different organizations advertise. A distinguishing 
feature of such websites is so called frequently asked question (FAQ) collections 
where the information supplier tries to ans wer in advance the questions that the 
readers may have. FAQs are a significant complement to the supplied information 
that deepens people's understanding of this information. Traditionally FAQs are 
organized as an ordinary list. This paper discusses the drawbacks of such lists and 
proposes solutions to overcome these drawbacks. 

The Department of Computer and System Sciences (DSV, a joint department 
between the Royal Institute ofTechnology and Stockholm University, Sweden) has 
developed an Enterprise Modelling [Bubenko, 1994] technique called EKD 
(Enterprise Knowledge Development) [EKD manual, 1998]. Enterprise Modelling 
is a general business planning methodology which sterns from the traditional 
Requirements Engineering and extends its initial capabilities by considering 
intentional components of a requirements specification, e.g. the goals and 
intentions of a business, in addition to traditional component types such as 
entities, relationships, and processes. 

EKD is a technique applied in industry. Not only Enterprise Modelling experts, 
but also experts in the particular business area work with it. In order to improve 
dissemination of the information on EKD, a website [EKD ur!, 1997] has been 
created. Ideally, it should contain all the necessary information in easy to 
understand form. In practice, this is never the case. The information is never 
complete. Some pieces of information may be missing. Often a user cannot find 
what he or she needs, or cannot highlight a particular view of the information, or 
has problems with practical use of EKD, etc. Then the user asks questions. 

The subject of this paper is the development of an FAQ answering system which 
maintains its own question-and-answer (Q/A) base and communicates with its users 
through WWW. The domain of the questions is EKD. The EKD Question 
Answering (QA) System is a Web-based information system aimed at supporting 
asynchronous communication between the EKD users and developers by automated 
answering of the users' questions. The remote users can ask their questions using 
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natural English, thereby the system adds one more dimension - limited human 
language understanding, to the traditional notion of multi-media technology 
(images, sounds, animation) on WWW. A working prototype of the EKD QA 
System has been developed. Nonetheless, the requirements to the system, its 
architecture, as weIl as the methods of its development, use, and maintenance are 
general for this kind of system and do not depend on the topic of the questions. 

The main part of the EKD QA System is implemented as a CGI script written in 
Delphi and is operated in the Windows NT environment. The system interacts with 
its users through WWW. A user can perform three types of actions: 

• ask a question in natural English so that the system finds corresponding FAQs 
in its Q/A base; 

• browse; and 
• search by keywords through all the FAQs in the Q/A base. 

The browsing and keyword-based search are easily implemented and are not 
described in this paper. 

In order to give an idea of the system's functionality, an example of the user's 
interaction with it folIows. By using his or her Web browser, a user asks a 
question and submits it to the system as shown in Figure 1 . 

.............................................................................................................................. 
~ 1. Type 01 inquiry: 

~ @ question 

~ 0 keyword-based search 

~ 2. Write your qU8SfiOn / keywords 

! I What do yoo knO'N about EKD? 

3. Tell us your e-mail address (optional): 

eriks@dsv.su.se 

[SUbmit Query I 
: ....... ... .................... ........................ .. .. ...................................................................... , ~ 

Figure 1 Example of user input for the EKD QA System. 

The system searches through its Q/ A base in order to find one or several pre-stored 
FAQs that correspond to the user's question. After the FAQs have been found, the 
system sends the Q/A pairs back to the user's Web browser. The reply is shown in 
Figure 2. 
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~ .. ................................................................................................................................................ ~ 

I Vour questlon:What do you know about EKD? ~ 

I What is EKD? 

EKD is a general problem soMng methodology tor tackling iII-defined 
problems that typically occur in the development 01 your company. By 
allowing you to locus on different views 01 your company, EKD may 
help in various business development activities. This may imply ... 

. . 
: .... . . ................................................... ......................................................................................... ! 

Fi gu re2 Example of the reply (cut) of the EKD QA System 
to the user' s question. 

Further on in this paper, Section 2 observes the problems with current FAQ lists 
on the Web. Approach of how to tackle these problems is proposed in Section 3. 
Section 4 shows the architecture of the EKD QA System. Section 5 briefly 
describes the system's user interface. The search algorithms and data structures of 
the system are discussed in Section 6. Section 7 explains how to put a new FAQ 
into the Q/A base. Section 8 describes the system's trans action logs. Section 9 
summarizes the experience and benefits of the use of shallow language 
understanding in the EKD QA System. Section 10 compares the types arrl 
applicability of FAQ answering systems. Section 11 gives an insight into further 
research. The conclusion is presented in Section 12. 

2 PROBLEMS WITH EXISTING FAQ LISTS 

The traditional FAQ collections on the Web - ordinary lists of questions and their 
answers, have several deficiencies: 

• A user is not given a chance to ask any questions. Instead, the user is forced to 
scan through a long list (or severallists) of various questions in order to find a 
question, sirnilar to the user's own question, that probably does not exist in 
that list. Usually, the user reports the problem by e-mail only if he or she is 
desperate. 

• Information supplier does not know the actual questions that arise. Rather, the 
information supplier answers possible questions in advance. However, these 
possible questions do not always satisfy the user's needs. The author of this 
paper had bad experience when he checked a long and chaotic list of technical 
support questions on the Borland Delphi website [Delphi url, 1997]. 
Unfortunately, he could not find any solution to his specific problem. He was 
not able to ask any question either. The maintainers of Delphi will never be 
able to analyze his needs and include them in the technical support question 
list. 
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• Questions in a list may be poorly organized. If the number of questions in the 
list is large, and their order is chaotic, then there are two options to navigate 
through the list: to read all the questions or to search for keywords by free text 
substring search facility. It is not possible to use substring search if the list is 
spread over several HTML documents. It is an advantage if questions in the list 
are semantically grouped. But even in this case the grouping may be 
ambiguous, and the user may not know where exactly to look for the particular 
question. 

• Lists may be too long, sometimes scattered over several HTML documents. It 
is difficult to look for a small piece of information in a large text mass. 

3 AUTOMATED FAQ ANSWERING - THE APPROACH 

There exist two systems, referred to in this paper, aimed at automating the 
navigation through frequently asked question sets: Auto-FAQ [Whitehead, 1995] 
and FAQ Finder [Hammond, 1995][Burke, 1997]. These and the EKD QA System 
have two common core features: 

1. A user asks his or her question in natural English. 
2. The systems answer it by a pre-stored related question and its answer (or 

several related questions and answers). The systems do not generate the answer 
themselves. 

Auto-FAQ is an FAQ answering system that uses natural language-based 
interface. Auto-FAQ and the EKD QA System share several common principles: 

3. WWW user interface makes both systems broadly available. 
4. The systems maintain their own Q/A base, they do not use any extemal FAQ 

lists as the information source to answer the users' questions. 
5. Shallow language understanding is used to process the user's question. Both 

systems do not comprehend the question, they match it against FAQ entries in 
the Q/ A base. 

6. If the question cannot be answered immediately, it is stored to be answered 
later by a human being. 

A distinguishable feature of the Auto-FAQ system is that its users both use and fill 
the information base. If the system is not able to ans wer a question, it puts the 
question into the Gap List. The users can browse the List, and experts can answer 
the questions and move them to the information base. 

Within the scope of this research, the author has used and developed some ideas 
implemented in Auto-FAQ. Since the implementation details are not published in 
[Whitehead, 1995], the matching algorithm, data structures and concepts introduced 
in this paper are considered to be new. After aversion of Auto-FAQ had been built, 
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the development of the system stopped (according to the personal communication 
with S.D. Whitehead). 

FAQ Finder is another FAQ answering system that uses natural language
based interface. The system is designed to improve navigation through already 
existing Usenet newsgroup FAQ collections, which are organized as Q/A pairs in 
distributed text files. The system receives a query, identifies the files relevant for 
the query and then matches the query against the segments of text that are used to 
organize the files themselves (e.g. questions, section headings, keywords, etc.). 
FAQ Finder is constructed with a combination of three technologies: 

• Statistical information retrieval, embodied in SMART, is used to select FAQ 
files, given a particular question. 

• Syntactic parsing, embodied in Xerox tagger and a bottom up chart parser, is 
used to construct a simple parse tree and identify the primary verb and noun 
phrases in a question. 

• Semantic concept matching, through the use of the WORDNET network of 
lexical semantics, is used to select possible matches between the query and 
target questions in the FAQ files. 

Two types of FAQ answering systems are identified above: 

• systems which maintain their own Q/A base (Auto-FAQ and the EKD QA 
System); 

• systems to navigate through an external FAQ source (FAQ Finder). 

This research focuses on the first type of F AQ answering systems with the features 
numbered 1-6 above. Applicability of both types is discussed in Section 10. 

4 ARCHITECTURE OF THE EKD QA SYSTEM 

The design of the EKD QA System is made with consideration to the dient-server 
architecture of WWW applications. Figure 3 shows the architecture of the system. 

Cllent Server 

Figure 3 Architecture of the EKD QA System. 
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• The Q/A base is the system's source of FAQs for answering the users' 
questions. 

• The query manager is a mediator between the user and the Q/A base. It is the 
main server-side actor, which: 

parses the user input; 
matches the user' s question against entries in the Q/ A base; 
logs transactions; 
forms the output, notifies the administrator about undesirable situations. 

• The transaction logs are records of the users' questions and the corresponding 
replies. The system records also other information necessary for the analysis of 
the users' needs and the system's performance. 

• The administration tool allows the adding, editing and deleting of data in the 
database. 

• The user interface is provided by a Web browser. The user and the query 
manager communicate with each other by means of conventional WWW 
protocols. 

5 USER INPUT AND OUTPUT 

A user is asked to enter the following data into an HTML form: 

• the action (question, keyword-based search, 'browse all'); 
• the question / keywords; 
• the e-mail address (optional). 

Before the data are submitted, a JavaScript code checks whether the required data 
fields are filled. 

The system's reply to the question, ifthe corresponding FAQ is found, contains 
the following items: 

• the user's own question; 
• the corresponding FAQ(s); 
• the corresponding FAQ answer(s). 

The system's reply to keyword-based search and 'browse all' contains a list of 
FAQs with hyperlinks to the corresponding answers. 

The order of several FAQs in the reply is the same as their order in the Q/A base. 
A unique identifier of each FAQ determines this order. Semantic grouping of FAQs 
retrieved by 'browse all' would be welcome, but is not implemented yet. 
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6 FINDING THE ANS WER 

The EKD QA System answers the user's question by accessing corresponding pre
stored FAQs. Two types of actions are performed while finding the ans wer: 

• The system performs an exhaustive search through a subset of its Q/A base, 
which is implemented as a relation al database. The system matches the user's 
question stated in natural English against separate entries in the subset, where 
each entry represents a pre-analyzed FAQ. The entries with the closest match 
(if any) are retumed as the answer. The entries are designed so that not many of 
them can match one question. In this manner, the Q/A pairs retumed to the 
user are not scored and prioritized. 

• The Prioritized Keyword Matching algorithm is used to determine whether or 
not a particular entry corresponds to the question. 

In FAQ answering it is better to avoid statistical information retrieval methods 
which compare large documents. Questions are too short for, say, calculation of 
common term frequency. In this case deep, semantic natural language processing 
where the system understands the meaning of the sentences being compared is more 
reliable. Unfortunately, the approach of deep language understanding is very effort 
consuming. 

The EKD QA System uses shallow language understanding to compare the user's 
question with an entry in the Q/A base. A rather simple algorithm called Prioritized 
Keyword Matching was developed within the scope of this research. The algorithm 
is intended to fill the gap between statistical techniques and semantic natural 
language processing. Since this algorithm has not been published yet, its 
description folIows. 

6.1 Prioritized Keyword Matching 

The idea 
The Prioritized Keyword Matching algorithm was designed to compare the meaning 
of two natural language sentences without understanding them. Although 
synonyms, different grammatical forms and other semantically related words are 
considered, a sentence appears as a set of words with no semantic relationships 
between them, except the categorization as described below. 

The idea of the algorithm is based on the assumption that there are three types of 
words in a sentence: 

• Primary keywords are the words that convey the essence of the sentence. They 
cannot be ignored. 

• Secondary keywords are 'less relevant' words for the particular sentence. They 
help to convey the meaning of the sentence but can be omitted without 
changing the essence of the meaning. The nuances may change though. 
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• 'Irrelevant' words, like 'a', 'the', 'is', etc., are considered 'less relevant' within 
a certain selection of many sentences. In information retrieval these words are 
also called 'stop-words'. 

Both types of keywords in the sentence must be explicitly identified be/are the 
algorithm is applied. However, it is sufficient to distinguish the keywords only in 
one of two sentences being compared. Since the algorithm does not comprehend the 
sentence, the categorizing of the words into primary and secondary keywords is the 
only representation of the semantics of the sentence for the algorithm. 

The scope of applicability of Prioritized 
Keyworo Matching in the EKD QA System i, I EnI~1 
shown as an arrow in Figure 4. The input of the 
algorithm is: Entry2 

• the user's question (a sentence where 
keywords are-not identified); 

• an entry from the Q/A base which contains 
the FAQ itself, its answer, keywords, some 
other information. 

The output of the algorithm is a statement 
denoting whether or not the user' s question 
matches the FAQ in the entry. 

The data structure 

Entry3 

Figure 4 Scope of 
applicability (an arrow) of 
Prioritized Keyword 
Matching in the EKD QA 
System. 

Figure 5 shows the concepts involved in Prioritized Keyword Matching and their 
relationships when the user's question matches the current FAQ. 

User Input Entry 

Figure 5 Concepts involved in Prioritized Keyword Matching. 

A short note before these concepts are described in the next section together with 
the algorithm. The relevant and 'irrelevant' words along with the user's question 
itself are dynamic concepts - every new question is different. The entry is static as 
long as the FAQ included in the Q/A base does not change. The current FAQ and 
its attributes (keywords, etc.) are included in the entry when the entry is created or 
updated during the maintenance of the Q/A base by a person responsible for the 
maintenance. The user who submits his or her question does not see its parsing 
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into relevant and 'irrelevant' words, the user does not see entries in the database, 
and the user does not know anything about the keywords. 

The algorithm 
In order to better understand Prioritized Keyword Matching, let us observe the 
algorithm together with an example. A user has asked a question to the EKD QA 
System. The system matches this question against the corresponding FAQ entry in 
its Q/ A base. 

User's question: 'Howare business goals related to business processes?' 
Current F AQ: 'What is the relationship between the Business Goal and Process 

Models?' 

I. Split the user' s question into separate words, ignore repeated words. 
Dur user's question is split into the following words: 'how', 'are', 

'business', 'goals', 'related', 'to', 'processes' . The structure of single words 
will not be further analyzed. 

2. Match the primary keywords of the entry against the words in the user's 
question. Since the primary keywords convey the essence of the current FAQ, 
they must all be represented in the user's question if it matches the entry. The 
primary keywords are explicitly indicated in the entry. Semantically related 
words - synonyms, different grammatical forms, etc., are considered (selection 
ofthe keywords is discussed in Section 7.2). If not all the primary keywords 
are represented in the user's question, the match is rejected. 

Dur current FAQ is represented by the following primary keywords, 
including context specific synonyms: 

• keywordl: 'goal', 'goals'; 
• keyword2: 'process', 'processes ' ; 
• keyword3: 'relation', 'relations', 'relationship' , 'relationships', 

'dependence' , 'dependencies', 'connection' , 'connections', 'relate', 'relates', 
'related'. 

These keywords were selected by the person who had created or updated the 
entry long before any users' questions were asked. The synonyms were stored 
directly into the entry along with the original keyword. The user who has 
submitted the question does not see and is not concemed with the primary 
keywords. 

If the user' s question matches the entry, each primary keyword is represented 
in the question: at least one of the synonyms meets its counterpart. In our 
example, all three primary keywords are represented: 'goals' (keywordsl), 
'processes' (keyword2) and 'related' (keyword3). 

3. Sort out relevant and 'irrelevant' words in the user's question. The 
sorting is perforrned by the system and is based on the list of words that are 
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considered generally irrelevant within a particular context. However, if an 
'irrelevant' word is mentioned among the primary keywords, it becomes 
relevant. The user is not concemed with the categorization of relevant and 
irrelevant words. 

The words in our user' s question are: 

• relevant words: 'business', 'goals', 'related', 'processes'; 
• 'irrelevant' words: 'how', 'are', 'to'. 

4. Match the secondary keywords of the entry against the relevant words in 
the user's question. The secondary keywords are 'less relevant' words that may 
be, but need not be, represented in the user's question if it matches the entry. 
Unlike 'irrelevant' words in Step 3, the secondary keywords are 'less relevant' 
only for this particular entry. If some secondary keywords are represented 
among the relevant user's words, such cases are identified. If some are not 
represented, assurne that the meanings of the user's question and the CUTTent 
FAQ differ in nuances, and ignore such cases. 

To better understand the notion of secondary keywords, consider the 
example. 'Business process' in the context ofEKD means the same as simply 
'process'. 'Business' here is a secondary keyword. 

In information retrieval, there exist methods to identify a phrase as a unified 
sequence of words. In Prioritized Keyword Matching, we do not process 
phrases in order to keep the algorithm simple. To distinguish business process 
among other processes, we simply list both words - 'business' and 'process', 
as separate primary keywords. Yet this approach may be misleading in 
complex cases where just the presence of words is ambiguous. 

Dur current F AQ is represented by the following secondary keywords, 
ineluding different grammatical forms: 'model', 'models', 'business', 
'businesses' . 

Like the primary keywords, the secondary keywords along with their 
synonyms were also selected and stored by the person who had created or 
updated this entry before any users' questions were asked. The user does not see 
and is not concerned with the secondary keywords. 

In our example, only one secondary keyword is represented in the user's 
question: 'business'. 

5. Consider the rest of the relevant words in the user's question that are neither 
primary nor secondary keywords. These words are not elose to the cUTTent 
FAQ. Ifthere are too many such words, reject the match. 

In our example, the user's question has no 'foreign' words. 
6. Already twice the system has had an opportunity to reject the match - in Steps 

2 and 5. It did not use this opportunity. It accepts the match. 
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The following sampie questions do not match the entry in the example above: 

• 'What is the difference between the business goal and process modelsT 
This question does not match the entry because the primary keyword3 is not 
represented. 

• 'Howare business goals related to the processes in French cooking booksT 
This question does not match the entry because there are too many relevant 
words that are neither primary nor secondary keywords: 'French', 'cooking', 
'books'. 

Now we can summarize the core of the Prioritized Keyword Matching algorithm. 
We distinguish two 'judges' for each entry that determine whether or not the user's 
question matches the entry: 

• Primary keywords in the entry determine which words must be present in the 
user's question. 

• The number 0/ joreign' words in the user' s question, determined by presence 
of the entry's primary and secondary keywords among the words in the user's 
question, allows the system to make its decision about semantic similarity of 
the question and the current FAQ. 

6.2 Unanswered questions 

There are two cases when the user' s question cannot be answered: 

• No corresponding FAQ is included in the Q/A base. 
• The user's question matches no entries of the corresponding FAQ, which is 

included (according to our common sense) in the Q/A base. 

Whatever the reason for the question not being answered, the system can still help 
the user to find the information: 

1. Loosen the matching criterion and perform the search once more. 
2. Extract relevant words from the query and use them in traditional user-keyword

based search through the Q/A base. The search is applied to the current FAQ as 
it is formulated and the primary keywords (synonyms included - this means 
that the semantics ofthe current FAQ are to some extent considered). 

If the actions above are performed, the user is explicitly informed about that, since 
the correspondence between the question and the retrieved Q/A pairs may be not 
sharp. If there are more than a few Q/ A pairs, they can be scored and prioritized, but 
this is not implemented yet. 
If the question is not answered, it identifies a 'hole' in the Q/ A base. We cannot 

lose this information. All unanswered questions are stored to be analyzed and 
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possibly included in the Q/A base. Thus the system's knowledgeability grows step 
by step during the exploitation of the system. 

If it is possible to consider an unanswered question within a reasonably short 
period of time, the user gets the answer by e-mail if his or her address is known. 

7 PUTIING AN FAQ INTO THE Q/A BASE 

The concepts involved in an entry of the Q/A base were shown in Figure 5 ruxl 
explained above. This section discusses how to create the entry representing an 
FAQ. 

7.1 Auxiliary Entries 

One can formulate the same question in many different ways. Although the 
approach with primary and secondary keywords is rather flexible, an entry in the 
Q/A base cannot represent all the variety of questions that have the same meaning. 
We tackle this problem by introducing auxiliary entries which represent differently 
formulated questions but refer to the same FAQ answer. Each auxiliary entry 
operates its own keyword set. Figure 6 shows an example of the questions in three 
auxiliary entries - the questions have the same answer. 

Q: VVhat is the Actor and Resource Model? 

Q: How do we describe resources 
in Enterprise Modeling? 

A: The Actcfs and Resources Model deflnes the types of actors and 
msoun::es, or inciv\duaI actors, inllOlved In enterprise ac1IvIties ... 

Figure 6 Example of questions with the same answer. 

By means of Prioritized Keyword Matching, each auxiliary entry matches a number 
of formulations of the user' s question. All together the auxiliary entries match 
almost all possible forms of the same question. If several auxiliary entries match 
the user's question, only one is used as the answer. However, if several separate 
FAQs match the question, they all are used as the answer. 

7.2 Selecting auxiliary entries and the keywords 

After an FAQ is set, it is analyzed in order to create the entries representing this 
FAQ. The following steps are taken: 
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1. Formulate the FAQ in different ways so as to meet the possible user 
formulations. A user may ask weird questions. The system should correctly 
recognize those questions that sound natural, are concise, and have a clearly 
stated problem. 

2. Group those formulations so that they differ only by synonyms. A group 
represents an auxiliary entry. 

3. For each auxiliary entry, select the keywords that best represent the current 
FAQ: 
3.1. select the primary keywords; 
3.2. filter out 'irrelevant' words; 
3.3. select the secondary keywords. 

In order to give the matching algorithm at least the minimum flexibility, the 
synonyms and different grammatical forms of the keywords must be considered. 
The words are selected so that they cover as many different ways of asking the same 
question as possible. 

Selection of auxiliary entries and the keywords is a creative process based on our 
imagination, experience and common sense. There is a certain amount of manual 
work and human reasoning needed to create an entry in the Q/A base. This work 
pays off if done once. Although assistance of computerized tools is possible 
(thesaurus of Microsoft Word, for instance), it is difficult to automatize selection of 
the keywords and their synonyms for an arbitrary FAQ. If such an intelligent 
computer system existed, it would replace the EKD QA System. 

Lexicographical parsing 0/ the keywords 
In computerized naturallanguage processing, a lexicon (alias dictionary, thesaurus) 
is the main source of linguistic knowledge for the system. A lexicon describes the 
real world concepts and the relationships between these concepts. A concept is 
represented by its word(s), meaning, cases of possible use, gramrnatical aspects. 
The relationships between concepts are generalization / specialization, antonyms, 
synonyms, homonyms, etc. The knowledge in lexicon has three levels of 
specificity: general, domain-, and application-specific [Burg, 1997, p.80-8I]. 
Lexicon is a vital necessity for semantic language processing. Also the methods 
which do not comprehend the text being analyzed can be improved by considering, 
for instance, synonyms. 

The Q/A base of the EKD QA System consists of static entries where the 
keywords of each FAQ are known long before any users' questions are asked. 
Therefore the synonyms of the keywords are put into the entry along with the 
keywords. No extemal source of lexicographical information is used during the 
Prioritized Keyword Matching. Lexicographical parsing of the keywords in the 
entry is done before they are used. 

One may suggest that the EKD QA System uses no lexicon. This is not really 
true. Each entry is a smalliexicon that implements one function - identification of 
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synonyms within the context of a given FAQ. Each lexicon is built according to 
the same pattern. This approach has both drawbacks and advantages. 

The drawback is redundancy. Every time a keyword appears in some entry, it is 
written down in different forms again and again. However, this is a minor 
drawback. It is not difficult to multiply a keyword, since the entries are reusable 
and text editing copy-and-paste manipulation works equally weIl on both a single 
word and a word list. There is no waste of computer disk space either. If the Q/A 
base has 300 entries with 20 different concepts each, there are 6000 concepts in the 
Q/ A base, which is less than 50 000 anyway. 

The advantages are the following: 

• Semantic relationships between words may be FAQ-specific. It is not possible 
to include such relationships in a centralized lexicon. 

• It is difficult to create or adjust and maintain a centralized lexicon. If the FAQ 
topic changes, it takes a lot of effort to change the domain- and application
specific knowledge in a centralized lexicon. Lexicographical parsing within a 
narrow entry-specific domain takes little effort and is less error prone. 

• The system's performance is faster. 

7.3 Narrowing tbe range of tbe entries for Prioritized Keyword 
Matcbing 

The Q/ A base with entries as shown in Figure 5 is 
implemented as a relational database. The features of the 
relational data structure help us to reduce the number of 
entries to be processed by Prioritized Keyword Matching. 

Consider the simple entity-relationship diagram of the 
Q/ A base in Figure 7. The table Entry contains entries 
with the current FAQ, its answer, the keywords, other 
information. The table PrimaryKeyword has the column 
Keyword, which contains all the primary keywords from 
Entry with all their synonyms. If we have all primary 
keywords in one column, we can easily select them by 
means of database management language. Having selected 
certain keywords and knowing their entry identifiers (ID), 
we can easily select corresponding entries from Entry. 

PrimaryKeyword 
10, 
Keyword 

Entry 
10, 
PrimaryKeywords, 
eIe. 

Figure 7 Entity
relationship diagram 
of the Q/ A base. 

The user query is split into the words w\' w2 '" wn' The following two database 
management instructions select only those entries that have at least one primary 
keyword represented in the query: 

1. PrimaryKeyword.SetFilter('Keyword = w\ or ... Keyword = wo') 
2. select unique * from Entry where Entry.lD is in PrimaryKeyword.lD 

Now we can apply Prioritized Keyword Matching to the selected entries. 
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Measurements of the performance of the EKD QA System show that it takes about 
2.5 milliseconds to process an entry. This means that we do not need to reduce the 
number of entries processed by the Prioritized Keyword Matching algorithm unless 
we have thousands of entries, very slow computer, or inefficient implementation of 
tbe matching algorithm. 

8 TRANSACTION LOGS 

The EKD QA System records all the users' questions and the system's replies. If an 
unanswered question has been recorded, the system also alerts the administrator by 
e-mail. 

Besides the users' questions, the system records also: 

• its own responses to the questions; 
• the activity type performed by the user (question answering, keyword-based 

search, 'browse all'); 
• user identification information: e-mail address (optional), IP address, and the 

time of the transaction; the user identification is relevant if we want to keep 
track of a sequence of questions asked by the same user. 

Analysis of the transaction logs, monitoring of the system's performance, and 
updating of the Q/A base are the main activities of the maintenance of the EKD 
QA System. 

9 BENEFITS OF THE USE OF SHALLOW LANGUAGE 
UNDERSTANDING IN THE EKD QA SYSTEM 

This section summarizes the experience of the use of shallow language 
understanding in the EKD QA System, with respect to the experience published in 
[Whitehead, 1995]. The system does not attempt to understand the content of the 
user' s question at a deep, semantic level in order to find the corresponding Q/ A pair 
in its information base. Query processing is more like text-retrieval than traditional 
natural language understanding. However, shallow language understanding is not 
only practical and effective, but it can also create the illusion of intelligence, 
especially ifthe scope ofthe domain is narrow, the Q/A base is densely populated 
and the system has some language processing skills. 

Shallow language understanding has the following benefits: 

• It is simple. The technique used by the EKD QA System can be implemented 
in a single data table which contains only a few columns. The matching 
process is fast. 

• Information in the database is split into independent pieces: 
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Changes or errors in one piece have no effect on other pieces [Whitehead, 
1995, p.141]. 
The information can be augmented gradua1ly, piece by piece, often by 
non-programmers [Whitehead, 1995, p.141]. 

The following features make the shallow language understanding approach more 
effective: 

• Questions on the same topic tend to use the same words. This makes keyword 
matching easier [Whitehead, 1995, p.141]. 

• Keyword matching becomes more effective after elimination of common words 
like 'is', 'a', 'the', etc. [Whitehead, 1995, p.141] 

This research shows that, unlike in [Whitehead, 1995], the interrogatives 
'what', 'why', 'how', etc. are of little help. There are too many ways to ask 
the same question. 

Common introductory phrases can be ignored. 'What do you know about. .. ' 
contains the word 'know' that can be eliminated as a common introductory 
word. However, if this word iso important in the context of some particular 
FAQ, it can be included among the primary keywords. 

Because of the context, every user's question to the EKD QA System may 
end with 'in EKD'. Thereby the context-word 'EKD' is ignored. The question 
'What is EKDT is included in the Q/ A base with the only primary keyword 
'EKD' and no secondary keywords. 

• Auxiliary entries cover most of conceivable forms of an FAQ. 
• Lexicographical parsing of the keywords within the context of a given FAQ is 

easier than using a centralized lexicon. 
• Keywords are made of natural language alphabet letters with no distinction 

between lower and upper case letters. Use of digits and special characters would 
make the keywords too specific. Of course, it is always possible to change this 
rule. 

• English is advantageous for shallow language understanding because the 
appearance of English words (gender, cases, plural/singular forms of various 
word classes, etc.) does not change much. It is not common in English to 
merge several words into one. 

Shallow language understanding has its limits: it is difficult to resolve pronoun 
references ('il', 'thal', etc.), to maintain complex questions, to keep track of the 
context within aseries of questions [Whitehead, 1995, p.141]. 

We cannot deny the value of deep language understanding. However, the 
simplicity of shallow language understanding makes the work of setting up a new 
FAQ answering system quite easy. 
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10 SETTING UP ONE'S OWN FAQ ANSWERING SYSTEM 

There are two key issues to be considered before setting up an FAQ answering 
system: do we want to navigate through an external FAQ collection, or to maintain 
our own FAQ source? Both types ofthe systems were already introduced in Section 
3. More detailed discussion folIows. 

10.1 Navigating through an external FAQ source 

FAQ Finder is a system that navigates through a1ready existing Usenet newsgroup 
F AQ collections, which contain a large number of Q/ A pairs. Before starting 
navigation through these Q/ A pairs, the system has to put them into its database. 
It is not a good idea to do this work manually, because FAQs are too numerous, 
new questions pop up frequently, and a certain amount of manual work is a1ready 
done - the questions are formulated, collected, and answered. Automated indexing of 
the external information source is appropriate here. 

Since the index is created without human reasoning on each FAQ, the 
information in an index entry is not sufficient to be processed using shallow 
language understanding. Semantic language processing is used to match the user's 
question against FAQ entries in the index. This implies syntactic parsing of both 
the FAQ and user's question, and semantic concept matching. A good lexicon is 
required to accomplish this task. 

The approach with semantic language processing is not always best because of 
the problems with centralized lexicons. It is rather difficult to create and maintain 
good domain- and application-specific knowledge in such a lexicon. Therefore it is 
difficult to set up a new FAQ answering system, and to change the topic of an 
existing one. 

Nonetheless, this approach seems the most appropriate for navigation through an 
external FAQ source. Summarizing the approach, we distinguish the following 
main principles: 

• Automated indexing of the externai FAQ source is necessary before the 
question answering starts. 

• Semantic language processing is needed to match the users' questions against 
F AQ entries in the index. The shallow language understanding approach is too 
weak here. 

10.2 Maintaining one's own FAQ source 

If we start a new FAQ answering system from scratch, we have severaloptions to 
record the data - to write them on paper, or into a text file, or into a database entry. 
The EKD QA System suggests the last option - write the data directly into a 
database entry. 
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The EKD QA System is easy to get running - no lexicon must be created or 
adjusted, no information indexing tool developed. A simple version of the system 
was put into operation a month after its development by a single programmer 
started from nothing but an idea. The system can switch to a completely new FAQ 
collection within ten minutes as the first entry appears in its Q/ A base. New 
entries can be added when the system is already working. The system can create an 
illusion of intelligence. The price we pay for this flexibility and intelligence is a 
certain amount of human reasoning to be done when creating an F AQ entry in the 
database. 

If the system maintains its own FAQ source, the approach used by the EKD QA 
System seems more appropriate than the one used by FAQ Finder. Summarizing 
the approach of the EKD QA System, we distinguish the following main 
principles: 

• F AQ entries in the database are created manually with some human reasoning 
applied. 

• Shallow language understanding is sufficient to match the users' questions 
against the FAQ entries. 

What influences the system' s peiformance 
Before the system is put into operation, its Q/A base must be sufficiently 
populated. The user must gain certain satisfaction while using the system, 
otherwise he or she will not use it. As new experience is gained while running the 
system, new pieces of information are added to the Q/A base. 

Two crucial issues influence the system's ability to answer the user's question: 

• The question must meet the corresponding entry in the database. This means 
that the FAQ must be represented by a sufficient number of auxiliary entries. 

• The keywords must be represented by a sufficient number of synonyms and 
their grammatical forms. 

The matching algorithm should find the answer, or report that no answers are 
found, within a reasonably short period of time. It takes about 0.4 seconds for the 
EKD QA System to processes one question (more time is needed if the system has 
been idle for a while). This time includes about 2.5 milliseconds to process one 
entry in the Q/ A base. The response time depends on how efficient, or inefficient, 
is the implementation of the Prioritized Keyword Matching algorithm. In an 
efficient implementation, those six steps as in Section 6.1 are not clearly 
identified. 

Finally, the question submitted by the user must be clear and concise. 
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11 FURTHER WORK 

There are many possible directions of the development of the EKD QA System. A 
few of them are mentioned below. 

11.1 Glossary 

A user could understand the answer to his or her question better if the answer were 
complemented by explanation of the concepts involved in the question. This is 
especially helpful if no answer is found. The source of such an explanation could 
be a glossary. 

Within shallow language understanding the system can match keywords in the 
user's question with keywords in the glossary. The problem is that the concepts in 
the glossary are mostly compound phrases. Currently the system does not 
recognize phrases as semantic units. 

11.2 Relevance feedback 

Relevance feedback, as introduced in [Salton, 1989, p.307-308] and [Spink, 1997], 
can be used to improve query formulation by previously retrieved information. 
After a user has submitted a query, the system retrieves a number of Q! A pairs. The 
user is given a chance to evaluate them. After the evaluation is done, the system 
can refine the search by a new query ql, which is based on this evaluation: 

ql = qo + QA R - QA1R , 

where qo is the previous query, QAR are relevant but QA1R are irrelevant previously 
retrieved Q!A pairs. In a densely populated Q!A base, relevance feedback could let 
the user explore the 'neighborhood' of the original query. 

11.3 Extending functionality - experience reports 

The ancestors of EKD have been successfully introduced in various companies, 
such as British Aerospace, Telia (Sweden), Ericsson (Sweden), Cesela (Spain), and 
Sweden Post. EKD has been introduced in Vattenfall (Sweden) and the Public 
Power Company (Greece). However, the experience of the use of Enterprise 
Modelling within these and other companies is poorly gathered. 

Since the EKD users are located far from each other and from the method 
developers, the system's functionality could be extended to automated experience 
gathering through the Internet. The features of such a service could include easy 
browsing through the reported experiences, extracting of particular information, 
comparison of similar experiences. Yet this issue is currently the vaguest and 
requires thorough investigation. 
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12 CONCLUSION 

The motivation ofthis research was a number of drawbacks of existing FAQ lists 
on WWW.This paper presents the EKD QA System, operating on WWW, which 
answers users' questions stated in natural English. The principles and methods used 
in building an FAQ answering system with focus on shallow language 
understanding are analyzed. Although the principles of FAQ answering are not 
Internet dependent, the approach seems too simple for profound natural language 
processing. Yet it is simple enough to enrich the power of multi-media technology 
of Web-based applications by limited human language understanding. 

The main contributions of this paper are: 

• The problems with existing FAQ collections on the Web, as weIl as possible 
solutions to these problems are identified. 

• The Prioritized Keyword Matching algorithm is developed to semantically 
compare two naturallanguage sentences. The algorithm is intended to fill the 
gap between statistical techniques, which work with large documents but are 
not effective with short sentences, and semantic natural language processing, 
which is very expensive. 

• The benefits of shallow language understanding are summarized (with respect 
to the experience in [Whitehead, 1995]): 

The techniques of shallow language understanding are simple. 
The information in the database is split into independent pieces. Changes 
in one piece have no effect on other pieces. The content of the database 
can be augmented step by step. 

• Two types of FAQ answering systems are identified and compared: 
systems which maintain their own Q! A base; 
systems to navigate through an external FAQ source. 

The significance of this research lies not in a fancy user interface tool. We can live 
with deficient user interface, but we need to make the FAQ users explicitly ask 
their questions. There is no other way to find out their needs. 
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