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Abstract

CoBase, a cooperative database, is a new type of

distributed database that integrates knowledge base

technology with database systems to provide cooper-

ative (approximate and conceptual) query answering.

Based on the database schema and application char-

acteristics, data are organized into conceptual (type

abstraction) hierarchies. The higher levels of the hi-

erarchy provide a more abstract data representation

than the lower levels. Generalization (moving up in

the hierarchy), specialization (moving down in the hi-

erarchy) and association (moving between hierarchies)

are the three key operations in deriving cooperative

query answers.

Relaxation in CoBase can also be specified ex-

plicitly in the query by the user or calling program

through cooperative operators. We have extended

SQL to CSQL by adding cooperative primitives. We

describe the CoBase software implementation, includ-

ing an inter–module data protocol that provides a uni-

form module interface. This modular approach pro-

vides flexibility in adding new relaxation modules and

simplifies software maintenance.

CoBase uses LOOM as its knowledge representa-

tion and inference system and supports relational data

bases (e.g. Oracle and Sybase). We have demon-

strated the feasibility and functionality of CoBase

on top of a Transportation Database. The CoBase

methodology has also been adopted in the multi-

media medical distributed database project at UCLA,

which provides approximate query answers to medical

queries.

*Supported by DARPA contract Noo174-91-C–O1O7

Permission to copy without fee all or part of this material is
granted provided that the copies are not made or distributed for
direct commercial advantage, the ACM copyright notice and the
title of the publication and ite date appear, and notice is given
that copying is by permission of the Association for Computing
Machinery. To copy otherwiee, or to republish, requires a fee

and/or specific permission.
SIGMOD /5/93/Washington, DC, USA
@1993 ACM 0.8979~-~92.~J93\OOO~/O~J 7..-$1.50

1 Introduction

In a conventional database, if required data is miss-

ing, if iin exact answer is unavailable, or if a query

is not well-formed with respect to the schema, the

database returns a null answer or an error. An in-

telligent system is much more resourceful and coop-

erative, permitting conceptual level queries (contain-

ing concepts that may not be expressed in the data-

base schema) when the user does not know the precise

schema, providing approximate answers when some

data is missing, or even volunteering associative (rel-

evant ) information to the query answer. CoBase is

an implementation of a new generation of distributed

database system called cooperative databases which

incorporate these intelligent capabilities.

In this paper we first present the -type abstraction

hierarchy, a data structure that provides a structured

approach to query modification and relaxation by ex-

plicit ccmperat ive operators. Next, we present the co-

operative SQL primitives and selected examples. We

then present the implementation of CoBase. Finally,

we discuss the technology transfer of CoBase to trans-

portation and medical database applications.

2 A Structured Approach

Although knowledge about the application domain

can be expressed as a set of logical rules, such a

rule–based approach lacks a systematic organization

to guide the query transformation process [10, 13]. To

remedy this problem, we use the notion of a type ab-

straction hierarchy (TAH) [4, 6, 7, 12] for providing

an efficient and organized framework for cooperative

query processing. Type abstraction emphasizes the

abstract represent ation of object inst antes (see Fig-

ure 1). For example, “runwaylength~ange” in the

domain of r-ange (e.g. 4,000 to 8,000 ft.) is a more ab-

stract representation than “runway length” in the do-

main of length (e.g. 6,000 ft). Abstractions of several

attribute values can be combined to form abstraction

of tuples. For example,

517

—.



airport ( location.area, runway-length-range,

runway .width~ange, parking-area, .. . )

is an abstract representation of

airport ( location, runway length,

runway .width, parkingspace, ... )
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Figure 1: Type
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Abstraction Hierarchies

CoBase modifies a query by altering the query con-

ditions. CoBase first selects one attribute value from

the query condition for relaxation; this value is called
the target value. The target value is located at the

bottom of the type abstraction hierarchy for its at-

tribute. CoBase uses generalization (moving up the

TAH) and specialization (moving down the TAH) to

modify the query and broaden the search space. Type

Abstraction Hierarchies provide a structured way for

query modification which is different from the rule-

based approach [10]. Thus, our proposed structured

approach to cooperative query answering is scalable to

problems with large knowledge and data bases. We

are currently researching how to generate TAH auto-

matically from databases when given an application

context and a set of queries [16, 8].

Although CoBase uses relaxation when no answer

is found, query modification may also be specified ex-

plicitly by the user through a set of cooperative oper-

ations with a pre-specified relaxation range and spec-

ification. We have extended SQL to include these co-

operative operations as well as the relaxation control

operations to form a new cooperative query language,

CSQL.

s Cooperative SQL (CSQL)

3.1 CSQL Cooperative operators

The cooperative operations consist of the following

four types:

● Context free operations

— approximate operator (A)

relaxes the specified values within the ap-

proximate range that is predefine by the
user, For example, A9AM will be changed

to the interval (8am, 10am). Further, (3pm,

A5pm) will be replaced by (3pm, 6pm).

— wit hin

specifies a set membership for an attribute

value. For example, airport within {‘LAX’,

‘Burbank’}

● Context sensitive operations

— near-t o

specification of geographical nearness. For
example, near-to ‘Bizerte’ requests a list

of cities located within a certain Euclidean

distance from ‘Bizerte’. The distance is

context–dependent, so it might be 50 miles

for airports, but only 5 miles for restaurants.

— similar-to

requests a set of objects semantically similar

to the given object. Similarity is a multiple

attribute operator with a weight assigned to

each attribute in accordance with the rela-

tive importance of that attribute. Each ob-

ject fulfilling the query conditions is evalu-

ated against the given object by calculating

the weighted mean-squared error over the

list of attributes. The similar objects are

listed in ranked order, along with their mea-

sures.

● Control Operators:

— relaxat ion–order

specifies the attribute relaxation order. For

example, relaxation-order (rztnwayJength

runway-width) indicates that if no exact an-

swer is found, then runway Jength should be

relaxed first. runway-width is relaxed only

if no answer is found after relaxing run-

way Jength.

— not-relaxable

specifies the attributes that should never be

relaxed. For example, not -relaxable (loca-

iion.name) indicates that condition clauses

containing location-name may not be re-
laxed by CoBase.

● User/System interaction operators

– nearer, further provide the user with

ability to control the relaxation range of

near-to interactively. Nearer reduces

the dist ante by a pre-specified percentage,

while further increases the distance by a

pre-specified percentage. The percentage

change can be specified by the user with a

default of 50%.
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3.2 Examples The user can adjust the range for the near-to oper-

We now present a few selected examples that illus-

trate the capability of the cooperative operators. The

examples use two relations from the transportation

planning domain, geoloc and airports. geoloc contains

geographic information, such as latitudes and longi-
tudes, while airports cent ains airport specifications.

The two relations can be joined on the shared key at-

tribute geo.code. We use the TAHs in Figure 1 for
query modification, and the dist ante contexts from in

Table 1.

Attribute Default Distance

Restaurant 5 miles

City 200 miles

Airports 50 miles

Table 1: Distance Contexts for near-to Operator

CSQL Query 1:

List the airports with the parking capacity approxi-

mately equal to 200,000 square feet.

select airport-name, parking.sq-jl

from airports

where parking-sq-ft = A200,000

This CSQL query is translated by CoBase into the

following SQL:

select airport-name, parking-sq-ft

from airports

where parking-sqJt >= 100,000 and

parking.sq.ft <= 300,000

CSQL Query 2:

Find all the cities located near to Bizerte.

select location-name

from geoloc

where location-name near-to ‘Bizerte’

The near-to operator is context sensitive. Accord-

ing to the context, the system preassigns an appro-

priate range in Euclidean dist ante for the operator.

In this case, the range for cities is 200 miles (Table

1), Therefore, all the cities located within 200 miles

from Bizerte are retrieved and inserted into the query.

CoBase then executes the new query:

ator by using the nearer or further primitive. For

example, if the user applies the nearer operation to

reduce the distance to 100 miles, CoBase retrieves the

new set of cities, modifies the query, and executes:

select location-name
from geoloc

where location-name within { ‘Bizerte’, ‘Djedeida’,

‘Tabarqa’, ‘Tunis’ }

CSQL Query 3:

List all the airports with the runway length greater

than 7500 feet and runway width greater than 100

feet. If there is no answer, relax the runway length

condition first.

select airport-name, runwayJength.ft,

runway-widthJt

from airports

where runway Jength#t >7500

and runway_widthJt > 100

relaxation-order (runwayJengthJi,

runway-widthJt)

Based on the relaxation order, CoBase uses the TAH

for runway length to relax the query:

select airport-name, runwayJengthJt,

runway-widthJt

from airports

where runway JengthJt >7000

and runway-widthJl > 100

If this new query yields no answer, then CoBase con-
tinues by relsxing runway width.

CSQL Query 4:

Find the airports in Tunisia similar to the Bizerte

airport. Use the attributes runwayJengthJi (with
weight 2.0) and runway-widthJt (with weight 1.0) aa

the criteria for similarity. Provide the best n answers.

select airport-name

from airports, geoloc

where airport-name similar-to ‘Bizerte’ based-on

(’(runwayJengthJt 2.0) (runway-widthJt 1.0))

best n

and country-state-name-long = ‘TS.misia’
and geoloc. gee-code = airports. gee-code

CoBsse first finds all the airports in Tunisia, dropping
the similar-to clause.

select location-name select airport-name

from geoloc from airports, geoloc

where location.name within { ‘Bizerte’, ‘Djedeida’, where country-state-nameJong = ‘Tunisia’

‘Gafsa’, ‘Gabes’, ‘Sfsx’, ‘Sousse’, ‘Tabarqa’, ‘Tunis’ } and geoloc. gee-code = airports. gee-code
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Based on the attributes runway.length.ft and run-

way.width.ft and their corresponding weights, CoBase

compares each of the query answers with ‘Bizerte’ by

computing the weighted mean squared error [17]. The

top n (a pre-specified answer set size) answers, ranked

by similarity, are presented.

4 Implementation

The Cobase control flow chart is shown in Figure 2.

When a query is presented to CoBase, the system

first relaxes any explicit cooperative operators in the

query. The modified query is then presented to the

underlying database system for execution. If no an-

swers are returned, then the cooperative query sys-

tem, under the direction of the Relaxation Manager,

based on the TAHs, user profile and application con-

text, relaxes the queries by query modification. The

relaxed query is executed, and, if there is no answer,

the relaxation manager will broaden the search scope

until an answer is found. The relaxation manager can

change its relaxation behavior baaed on explicit user

requirements such as not -relaxable and relaxation-

cmder.

@

CoSase Engine
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Figure 2: CoBase F1OW Chart

Figure 3 shows an overview of the CoBase architec-

ture. CoBase stores the Type Abstraction Hierarchy
and relaxation ranges for the explicit cooperators in

a LOOM [14] knowledge base. When CoBase ssks

queries, it can either use the Loom Interface Module

(LIM) [15], or directly query the underlying relational
database (e.g. Oracle and SyBase).

CoBase’s control mechanisms include a graphical

user interface (GUI), Explanation System and Relax-

ation Manager. The Relaxation Manager controls the

search for approximate answers by directing the in-

dividual relaxation modules. Each relaxation opera-

tion is implemented as a separate software module.

USER

I

GUI
I

Explanation
System

I
LOOM

I RELAXATION MANAGER

xLIM

DSMs

association 1

Figure 3: CoBase Architecture

Such a highly modular approach allows easy expan---
sion, maintenance and modification to the system.

The Explanation System provides explanations of

how approximate answers were derived, along with

information on semantic nearness when appropriate.

A graphical user interface (GUI) displays the query,

query results, TAHs and explanations of the relax-

at ion processes.

4.1 CoBase Inter–module Protocol

A tuple-based data structure allows communication
between the Relaxation Manager and the individual

relaxation modules. The tuple consists of four ele-

ments for each condition:

relation name

attribute name

value

comparison operator

For example, the query condition, runway.width.ft >

7000 is represented by the tuple

(airports , runway.width-ft , 7’000, > )

The relaxation modules modify the tuple based on

the context information (Table 1) or the TAH (Fig-

ure 1) and the value can be a list in the case of the

set-membership operators. Using the CSQL exam-

ple 2 from section 3.2, the near–to module trans-
forms the tuple (geoloc, location-name, Bizerte, near–

to) into (geoloc, location-name, {Bizerte, Djedeida,

...}. within) and returns the result to the Relaxation

Manager.

The tuple data structure provides a uniform data

interface for cooperative modules. The four elements

in the tuple, along with the TAH and context informa-

tion are sufficient to allow the modules to communi-

cate with one another and with the Relaxation Man-

ager, thus providing flexibility in adding new relax-

ation primitives to the system. Further, the interface
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allows relaxation module modification to be carried
out independently, thus greatly simplifying the task
of software maintenance.

4.2 Association

Association in CoBase is a multi-step post-process.

After the query is executed, the answer information

is gathered with the query conditions, user profile

and application constraints. This joint information

is matched against rules from the knowledge base to

identify relevant associative information [5]. The rules

can include any CoBase construct, such as conceptual

conditions (e.g. rtmway.length_jl = short) or explicit

cooperative operations (city near-to ‘Bizerte’). For

example, consider the query

select name, runwayJengthJt

from airports

where runway Jengih#t >6000

Based on the joint information, associated informa-

tion on runway conditions and weather for the cor-

responding airports is retrieved from the knowledge

base. The associated information is appended to the

query answer, as shown in Table 2.

Query Answer Associated Info

runway– runway

name Jength-jl condition weather

Jerba 9500 Damaged Sunny
Monastir 6500 Good Foggy
Tunis 8500 Good Good

Table 2: Query Answer and Associated Information

for the Selected Airports

5 Technology Transfer

CoBase uses LOOM as knowledge representation and

inference system and supports relational data bases

(e.g. Oracle and Sybase) and LIM (the Loom Inter-

face Module) [15, 11]. Access to distributed databases

is made possible through SIMS, a transparent multi-

database access layer [1]. We have demonstrated the

feasibility and functionality of CoBase on top of the

Transportation Database and it is a part of the Data

Management provision of the Transportation Plan-

ning Initiative.

In medical databases that store X–ray and MR im-

ages, images need to be retrieved by object feature

or contents rather than patient ID. The queries asked
are often conceptual and not precisely defined. We

need to use knowledge about the application (e.g. age

class, ethnic class, disease class, bone age etc.), user

profile and query context to answer such queries [9].

Further, exact matching of features is very difficult,

if not impossible. IFor example, if the query “Find

the treatment methods used for tumor z on 12-year-

old Korean males,” cannot be answered, based on the

TAHs for tumors, age, and ethnic groups, we can re-

lax “tumor z“ to “tumor class X“, and “12-year-old

Korean male” to “pre-teen Asian,” which results in

the relaxed query, “Find the treatment methods used

for t lhe tumor class ,X on pre-teen Asians.” Further,

we can obtain such relevant information as the success

rate, side effects, and cost of the treatment from the

association operations. We have applied the CoBase

Age Ethnic Group

Frebs Teen Adult

A /K
9 1(I 11 12 Korean Chinese Japanese Filipino

Tumor Classes

classx

A
x xl . . . 7(”

Figure 4: TAILs for the Medical Example

technology to the medical imaging data base [3, 2].

The TAHs (see Figure 4) are constructed based on the

available application domain and medical knowledge

available in the textbooks and/or literature. Once

the ‘TAH for the medical domain and application have

been constructed, query relaxation and modification

can then be carried out in the same manner as in the

transport ation domain.

6 Conclusion

We hlave presented a structured approach that uses

type abstraction hierarchy for providing query modifi-

cation. Such an approach provides multi-level knowl-

edge represent ation, and is also scalable to larger sys-

tems. We have also extended, SQL to CSQL, adding

cooperative operators that allow the user to explic-

itly specify relaxation ranges and relaxation cent rol.

Based on user profile and application contexts, the re-

laxat ion manager controls the search by a well-defined

data interface to individual cooperative modules. One

of these modules is responsible for finding associative

(relevant) information. Our design is modular, al-

lowing for easy addition of new modules as well as
simple maintenance of existing modules. An explana-

tion ifacility is included which summarizes the query

modifications and relaxation process, and also pro-

vides the nearness of the approximate answer to the

exact answer. CoBase is part of the transportation
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planning initiative, has also been implemented on a

medical imaging datab~e and has received favorable

responses from the medical community.
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