
Most conventional database systems support specific queries that are concerned only with data that match a query 

qualification precisely. A cooperative query answering supports query analysis, query relaxation and provides approximate 

answers as well as exact answers. The key problem in the cooperative answering is how to provide an approximate 

functionality for alphanumeric as well as categorical queries. In this paper, we propose a metricized knowledge abstraction 



hierarchy that supports multi-level data abstraction hierarchy and distance metric among data values. In order to facilitate 

the query relaxation, a knowledge representation framework has been adopted, which accommodates semantic relationships 

or distance metrics to represent similarities among data values. The numeric domains also compatibly incorporated in the 

knowledge abstraction hierarchy by calculating the distance between target record and neighbor records.

Introduction



2.1 Abstraction Hierarchy
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Definition 1 (Level difference) The level difference 

value n between two arbitrary nodes is defined as the 

larger number of abstracted levels from the two nodes 

to their lowest common abstract node. 

Definition 2 (Neighbor nodes) The n level neighbor 

nodes are the nodes that share a common abstract node 



in level difference n. (See Fig. 2)
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Property 1. Distances between every pair of nodes can be derived.

Property 2. The smaller the level difference, the more similar the two 

nodes are semantically.
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Definition 3 (Shortest path) The shortest path in the 

MKAH is defined as the path that has the smallest 

number of links connecting the nodes.
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Definition 4 (Distance) The distance between two 

arbitrary nodes x and y in the MKAH, D(x,y), is defined as
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where, bd(Zi, Zi+1) is the basic distance of Zi and Zi+1, 

and Z0, Z1, ... Zr+1 is the shortest path of x and y.

Lemma 1. For two different nodes x and y in the 

MKAH, the distance of definition 4, D(x,y), is ranged 

according to the level difference n, as

nyxDn £<- ),(1

where the n is the level difference of x and y.

Proof: In the equation in Definition 4, since the basic distance is a real 

number greater than 0 and not exceeding 1, the range of the third term 

of 1r
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 is greater than 0 and not exceeding 1. Hence, 

the distance between two nodes with level difference n, D, is ranged as

nyxDn £<- ),(1 .

Lemma 2. For arbitrary nodes x, y and z in the MKAH, if the level 

difference of x and y is smaller than the level difference of x and z, 

then,

),(),( zxDyxD <

Proof: Let m be the level difference of x and y, and n be the level 

difference of x and z, then myxDm £<- ),(1  and 

nzxDn £<- ),(1 . Since nm < ,

),(),( zxDyxD < .
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Original Cooperative Query

Select e.name, e.dept 
From EMPLOYEE e, EMPLOYEE_SKILL s 

Where s.skill =? 'Milling' and 

s.skill =? 'Welding' and 

e.id = s.id

Query Relaxation

Step 1. 

where s.skill is-a 

      ABSTRACTNODE('Milling','SKILL', 1)    

   and s.skill is-a       
      ABSTRACTNODE('Welding',' SKILL', 1)

  and e.id = s.id

 ⇒ where s.skill is-a 'Removing' and 
s.skill is-a 'Joining' and 

e.id = s.id

Step 2.

 where s.skill in 

SPECIFICNODE('Removing','EXPERTISE',1)

and s.skill in 
SPECIFICNODE('Joining','EXPERTISE',1)

and e.id = s.id

 ⇒ where s.skill in 'Grinding','Milling'}

and s.skill in {'Welding','Bolting'}
and e.id = s.id
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Original Cooperative Query

Select e.name, e.dept, e.title 

From EMPLOYEE e, EMPLOYEE_SKILL s, 

SKILL_FOR_TASK t 
Where e.id = s.id and 

t.task = "Software Design" and 

s.skill =? t.required_skill 

Query Relaxation

Step 1. 

From EMPLOYEE e, EMPLOYEE_SKILL s, 

SKILL_FOR_TASK t 
Where e.id = s.id  

and t.task = "Manufacturing Manager" 

and ABSTRACTNODE(s.skill, 'SKILL',1)
 = ABSTRACTNODE(t.required_skill,

'SKILL' , 1)

Step 2.

from EMPLOYEE e, EMPLOYEE_SKILL s, 
SKILL_FOR_TASK t,

ABSTRACTION a1, ABSTRACTION a2

Where e.id = s.id 



and t.task = "Manufacturing Manager" 

and s.skill = a1.SPECIFIC_NODE 

and t.required_skill= a2.SPECIFIC_NODE 
and a1.ABSTRACT_NODE= a2.ABSTRACT_NODE
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