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ABSTRACT

Although a query language has been used as a convenient too! to obtain information from a database, users
increasingly demand more intelligent cooperative query answering system that can understand the intent of an
imprecise query and provide additional useful information as well as exact answers. This paper proposes an
integrated cooperative query answering approach that is based on the notion of data abstraction and fuzzy relation.
The approach help database users carry out more effective query answering and decision making by increasing the
diversity of admitted queries, elaborating the query relaxation control through user interaction, and accommodating

dynamic knowledge maintenance.
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1. Introduction

Although query language has been widely used as a convenient tool to obtain information from a database, users
increasingly demand more user-friendly and fault-tolerant query answering systems that can understand the intent of
an imprecise query and provide additional useful information as well as exact answers. This is largely due to

exactness in nature of the relational databases and the query languages.
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Traditional query language, as a standard database user interface, has often frustrated database users including expert
users by enforcing rigidity and preciseness in query writing with respect to query syntax and database schema. Even
though the query syntax is correct, it provides only exact answers. When exact answers are unavailable or
insufficient, users must rewrite an appropriate query for themselves to produce approximate answers. Thus, to get
satisfactory result, database users are required to precisely understand the database schema, underlying data, and
problem domain, which is not easy for ordinary users.

To remedy such shortcomings and to enhance the effectiveness of information retrieval, users need fault-tolerant and
intelligent database interface that allows users to express vague queries, analyzes the intent of a vague query and
provide additional useful information as well as exact answers. For this purpose, a variety of CQA approaches have
been proposed. However, existing approaches have limitations in the diversity of vague queries and elaborate query
relaxation control through user interaction because they do not have rich data semantic knowledge. Also, most
studies have focused on the construction of the knowledge representation framework and the query answering
process but insufficiently addressed the issue of the semantic knowledge maintenance.

In this paper, we first develop knowledge representation framework that has rich semantics by integrating data
abstraction and fuzzy relation approaches. The framework represents semantic relationships between data values and
meta-data necessary for query relaxation. And then, we classify all possible cooperative queries and develop query
processing mechanism supporting all kinds of queries in a consistent and integrated manner. The CQA can be
invoked in various ways depending on the query requirements and the extent of the query relaxation. We present four
typical query answering mechanisms using the knowledge abstraction database.

The organization of this paper is as the following: In chapter 2, we introduce a knowledge representation framework,
and in chapter 3, we construct knowledge abstraction database for query answering. In chapter 4, we develop CQA

mechanism. Finally, chapter 5 summarizes our research contributions.

2. Fuzzy Knowledge Abstraction Hierarchy

We introduce fuzzy knowledge abstraction hierarchy (FKAH), a knowledge representation framework that integrates

data abstraction and metric approaches for representing semantic relationship between data values.

2.1 Notion of Data Abstraction in the Framework

The FKAH uses data abstraction that has been considered as an effective method to accommodate the semantic
relationships between data values [25]. In cooperative query processing, such data abstraction is also uscful to

associate data values in the process of query relaxation.
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To illustrate the FKAH, Figure 1 shows two FKAH instances derived from a same underlying database. While the
upper one is College Major hierarchy classifying data on the majors of employees into multiple abstraction levels
including major name, major area, and major group, the lower one is Career Development Education hierarchy on
the education course. Values constituting the hierarchies may be part of the underlying database or artificial values
added to describe the semantic relationship among the existing data values.

The FKAH is composed of two types of abstraction hierarchies: value abstraction hierarchy and domain abstraction
hierarchy. First, in the value abstraction hierarchy, a specific value is generalized into an abstract value and the
abstract value can be generalized further into a more abstract value. Conversely, a specific value is considered as a
specialized value of the abstract value. Thus, a value abstraction hierarchy is constructed on the basis of
generalization/specialization relationships between abstract values and specific values in various abstraction levels,
which is obtained by using value abstraction. The value abstraction relationship can be interpreted as IS-A
relationship. For instance, Finance is a (major name of) Management while Management is a (major area of)
Business. As such, higher levels provide a more generalized data representation than lower ones.

While the cardinal relationship between an abstract value and its specific values is assumed to be one-to-many, a
specific value can also have multiple abstract values that are located in different abstraction levels along a path from
the specific value to its most abstract value at the highest abstraction level. In such capacity, an abstract value is
called n-level abstract value of the specific value according to the abstraction level difference n.

Second, the domain abstraction hierarchy consists of domains that encompass all individual values in a value
abstraction hierarchy and there exist INSTANCE-OF relationships between the domains and values. Much as
generalization/specialization relationships exist between the data values in two different abstraction levels of the

value abstraction hierarchy, a super-domain/sub-domain relationship exists between two different domains, which is
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Figure 1. Example of FKAH Instances
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obtained by domain abstraction. For instance, MAJOR_AREA is the super-domain of MAJOR_NAME. All the
abstract values of instance values in a sub-domain correspond to the instance values of the super-domain. Thus, the
super-domain MAJOR_AREA is more generalized than sub-domain MAIJOR_NAME, since MAJOR_AREA
contains more generalized values than MAJOR_NAME. The cardinal relationship between two adjacent domains is
assumed to be one-to-one and a super-domain is called n-level super-domain of the sub-domain according to the
abstraction level difference n.

Multiple FKAH instances, as shown in Figure 1, can exist for a single underlying database when multiple
perspectives are required for the database. Though a value can be located in multiple hierarchies and thus, in multiple
domains, a domain should be unique and be located only in one hicrarchy. The Economics value in Figure 1, for
instance, is found in both College Major and Career Development Education hicrarchies, and belongs to different
domains depending on the hierarchy. It belongs to the MAJOR_AREA domain in the College Major hierarchy, while
the COURSE_AREA domain in the Career Development Education hierarchy. In this sense, as a value can exist in
multiple hierarchies, its abstract values and specific values are not uniquely determined by the value itself. Domain
information is additionally needed to identify the abstract and specific values for a given specific value. We call this

property the domain-dependency of abstract values and specific values.

2.2 Notion of Fuzzy Relation in the Framework

We use the fuzzy relation to add the metric approach to the knowledge abstraction hierarchy based on the data
abstraction approach. A relation is any subset of a Cartesian product of two sets. For instance, a subset of AxB, called
a (binary) “relation from A to B”, is a collection of ordered pairs (a, b) with first components form A and second
components from B, and, in particular, a subset of AXA is called a “relation on A”. For a binary relation R, one often
writes @ R b to mean that (a, b) is in R. Thus, when there exists a similarity relationship between values v, and v,, we
can represent them as an ordered pair (v;, v;) and a relation comprised of the pairs. There exists a relation R in

College Major Hierarchy as follows.

R={(Finance, Accounting), (Finance, Marketing), (Accounting, Marketing), (Micro Economics, Macro Economics),
(Micro Economics, Econometrics), (Macro Economics, Econometrics), (Internet Marketing, Software Agent),
(Management, Economics), (Management, Electronic Commerce), (Economics, Electronic Commerce)}.

Fuzzy relation R is suggested by defining a membership degree function py: AxB - [0,1] for each pairs that can be
interpreted as the membership degree or strength of the relation. In other words, when Ur(v,, v5) is 0.7 and pe(v,, vs)
is 0.5, the similarity relation between v, and v, is stronger than that between v, and v..

Using the fuzzy relation, we can define the notion of similarity between values in the FKAH. The notion enables us
to represent that ¢, and d, are more similar than d, and d; though they have a same abstract value e;. In other words,
more elaborate representation of similarity is possible. The assumptions can be relaxed to the following assumptions.

®  k(vy, v;) can be different from pp(v,, v3) though v,, v,, v; has same abstract value.
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®  Lig(vs, v2) > Ke(vy, v3) iff vy, v; has same 1-level abstract value and v, v; has different 1-level abstract value

® Lix(v;, v,) also implies similarity degree between the sets of specific values of v; and v,.

The first assumption means that the degrees of similarity between the values having a same abstract value can be
different from one other. The second assumption means that the similarity between the values having a same abstract
value is greater than that between the values having different abstract values. While Lg(v,, v;) means the degree of
similarity between v, and v;, it also means the degree between the set of their specific values. In other words, pg(d;,
dy) = 0.7 2 pp({ay, a3, a3}, {b;, by, b3})=0.7.

We can satisfy the assumptions by defining the degrees only for pairs of values with same abstract value. Also, by
assumption 3, the similarity degree between the values having different abstract values can be derived from their

abstract values. Thus, we can represent the fact that a, and 4, can be more similar than a, and ¢,.

3. Relational Schema Design of the Abstraction Database

To use the semantics of the FKAH for intelligent query processing, it was incorporated into an abstraction database.
A sample abstraction database accommodating the FKAH instances in Figure 1 is provided in Figure 2, which
comprises three relations: DOMAIN_ABSTRACTION, VALUE_ABSTRACTION, ATTRIBUTE_MAPPING.

Due to the domain dependency of abstract values, to get an abstract value, we must know both the value and its
domain. Thus, in the VALUE_ABSTRACTION relation, both names of Value and Domain become the composite
key to determine the corresponding 1-level abstract value in the Abstract_Value attribute. For instance, the abstract
value of Accounting in the MAJOR_NAME domain (of the College Major hicrarchy) is not Practical Course in
COURSE_GROUP, but Management in MAJOR_AREA. Similarly, the siblings of Accounting are Finance and
Marketing which are all in the MAJOR_NAME domain and have the same abstract value, Management.

The DOMAIN_ABSTRACTION relation is specifically indispensable when it comes to obtaining a n-level abstract
value. For instance, in the VALUE_ABSTRACTION relation in Figure 2, the 2-level abstract value for Econometrics
cannot be obtained by performing union operation on only 1-level abstraction pair twice since two Economics (one
with MAJOR_AREA and the other with COURSE_AREA) are obtained in the VALUE_ABSTRACTION relation.
To identify the right value, we additionally need the super-domain of the current domain of Econometrics (i.e.,
MAJOR_NAME). Thus, from the DOMAIN_ABSTRACTION relation, we can identify MAJOR_AREA to be the
super-domain inquired and thus use Economics and MAJOR_AREA as the composite key value in the

VALUE_ABSTRACTION relation to determine Business as 2-level abstract value for Econometrics.
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DOMAIN_ABSTRACTION

Domain Super Domain Hierarchy Abstraction_Level
MAJOR_NAME MAJOR_AREA College Major
MAJOR_AREA MAJOR_GROUP College Major

MAJOR_GROUP

College Major

COURSE_NAME

COURSE_AREA

Career Development Education

COURSE_AREA

COURSE_GROUP

Career Development Education

W f—=luwlrof—

COURSE_GROUP Carcer Development Education

VALUE_ABSTRACTION ATTRIBUTE_MAPPING

Value Domain Abstract_Value Relation Attribute Domain
Finance MAJOR_NAME Management EMPLOYEE_MAJOR MAJOR MAJOR_NAME
Accounting MAJOR_NAME Management CAREER_PATH Task COURSE_NAME
Marketing MAJOR_NAME Management CAREER_PATH Prerequisite_Task COURSE_NAME
Macro Economics MAJOR_NAME Economics TASK_MAJOR Task COURSE_NAME
Micro Economics MAJOR_NAME Economics TASK_MAJOR Required_Major_Area MAJOR_AREA
Econometrics MAJOR_NAME Economics TASK_HISTORY Task_Performed COURSE_NAME
Management MAJOR_AREA Busincss
Economics MAJOR_AREA Business
Business MAJOR_GROUP FUZZY_RELATION
Cost Accounting COURSE_NAME | Accounting Valuel Value?2 Degree
Financial Accounting COURSE_NAME [I Accounting Finance Accounting 0.7
Managerial Accounting | COURSE_NAME || Accounting Accounting Marketing 0.4
International Trade COURSE_NAME || Economics Finance Marketing 0.5
Business Forecasting COURSE_NAME Economics Macro Economics Micro Economics
Accounting COURSE_AREA Practice Course Micro Economics Econometrics
Economics COURSE_AREA Practice Course Macro Economics Econometrics
Practicc Course COURSE_GROUP Management Economics

Cost Accounting
Financial Accounting
Managerial Accounting
International Trade
Accounting

Financial Accounting
Managerial Accounting
Cost Accounting
Business Forecasting
Economics

Figure 2. The Constructor Relations of the Abstraction Database.

4. Approximate Query Answering

- In a personnel database example, suppose that a personnel manager wants to find out people majoring in Finance to
fill a certain vacant task position. If the right candidate employees, having majored in Finance, are unavailable or
insufficient for a certain personnel management task, other employees with related majors may be obtained by
enlarging the scope of the search. In the FKAH, searching approximate values for a specialized value is equivalent to
finding the abstract value of the specialized value, since specialized values of the same abstract value constitute
approximate values of one another. In the query, the relaxation operator, =?(1:6), is used to specify the relaxation
requirement of the search condition. The selection condition, c.major=?(1:6) “Finance”, is to find the employee
major records whose major attribute value is either “Finance” or an approximate neighborhood value within the

specified approximation degree.
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Approximate Selection

Step 1. Original Query

select e.emp_name, e.dept
from employee ¢, college_major ¢
where  c.major =(1:6) “Finance” and e.id = c.id

Step 2. Query Generalization ¢
select e.emp_name, e.dept
from employee ¢, college_major ¢

where c.major is-a Generalize(“Finance”, 1:6) and e.id = c.id

select e.emp_name, e.dept

from employee e, college_major ¢

where  c.major is-a “Management” or c.major is-a “Electronic Commerce”
and e.id =c.id

Step 3. Query Specialization i

select e.emp_name, e.dept

from employee €, college_major ¢

where  c.major in Specialize(“Management”) or
c.major in Specialize(*Electronic Commerce”) and e.id = c.id

select e. emp_name, e.dept

from employee e, college_major ¢

where  cmajor in (“Finance”, “Accounting”, “Marketing”, “Internet
Marketing”, “Software Agent”) and e.id = c.id

Figure 2. Steps of Approximate Selection Query

5. Conclusions

In this paper, we propose a CQA approach that relaxes the search condition and provides approximate neighborhood
information when exact answers are unavailable. For this purpose, a knowledge representation framework, namely
FKAH, is developed. The FKAH is a multilevel knowledge representation framework that extract abstract values and
domains from an underlying corporate database into several hierarchies using value and domain abstraction.
Additionally, it adopts fuzzy relation theory to enrich the semantic data relationship. Thus, in FKAH, a similarity
relationship between data values is represented based on the integrated notion of data abstraction and fuzzy relation.
We also presented a query processing mechanism handling a variety of cooperative queries including approximate
queries and conceptual queries in a consistent and integrated way. The proposed FKAH increases the diversity of

admitted cooperative queries and supports more interactive and flexible query relaxation processes.
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