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Abstract-There is a kind of query that users tend to use fuzzy 
concepts to express the query requirements. In the relational 
database, the query based on concepts as inputs cannot be 
directly executed. The basic method converts users’ fuzzy 
concepts into precise concepts based on the domain knowledge. 
In practice, a fuzzy condition is often composed of the high and 
multilevel concepts, so its conversion of the concepts is very 
complex, and its efficiency is poor. A new knowledge-based 
method of multilevel query is proposed in this paper, and it is 
achieved on generalized data. Experiments show that the query 
efficiency of the method proposed in the paper is better than 
the basic method on multiple levels. It may provide efficient 
methods for the query about housing products in rural town, 
and it can meet the needs of customers with different 
knowledge, and it has higher practical value. 
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I.  INTRODUCTION 

In the e-commerce system users do not know 
performance of commodities described by numeric values, 
but they can provide conceptual descriptions. The query 
based on concepts as inputs is named conceptual query. [1]. 
If a user needs to know "which product is the higher quality? 
", then the traditional database query cannot deal with this 
problem, because the "higher" is a fuzzy concept. This kind 
of query can be achieved by the knowledge-based method of 
data query [2, 3]. The basic method of conceptual query 
converts user's fuzzy concept into standard SQL statement 
based on the domain knowledge. 

In conceptual query, the concepts are often hierarchical. 
It may contain arithmetic rules between levels [4, 5]. For 
example, a user needs to know "which product has the 
higher cost performance?", the "cost performance" is higher 
than "quality" and "price", its concept is calculated with the 
arithmetic rules on the fuzzy concept of the "quality" and 
"price". If the query still uses the basic method to convert 
the concepts into the SQL statement, then it is very complex, 
because the condition is composed of the higher and 
multilevel concepts. When using the knowledge to convert 
the concept into the SQL statement, it needs to calculate the 
higher concept with the lower concepts of several attributes 
according to certain rules. So it has multiple connections 
with itself, the efficiency of the multilevel query is poor, 
and the more complex the relationship is, the poorer its 
efficiency is. 

In order to improve the efficiency of the multilevel 
query, a knowledge-based query method on multilevel 
generalized data is proposed. 

II.  RELATED WORKS 

A concept hierarchy defines a sequence of mappings 
from a set of low level concepts to higher level, more 
general concepts [6]. The concept hierarchy in the paper 
belongs to the rule-based hierarchy, and the mappings need 
to be calculated according to certain rules. Concept 
hierarchy is important means of expressing domain 
knowledge. It can effectively transfer domain knowledge, 
and improve interesting and effectiveness of query results. 

The intelligent query system must have the appropriate 
fuzzy knowledge base [7] to support. The knowledge base is 
the premise and basis for the conceptual query. By 
establishing a knowledge base of experts which the 
framework of the conceptual query is based on, it is one 
way to achieve conceptual query. In recent years, more and 
more research on database query is devoted to generalized 
process of the fuzzy conditions. This methods based on 
knowledge can translate the fuzzy query into the precise 
query, which didn’t involve the query condition on 
multilevel fuzzy concepts, this paper mainly studies the 
multilevel conceptual data query problem. 

III.  PROBLEM DEFINITIONS 

Definition 1 Knowledge base K ： Let a relation 
( )UpLowGidValueKidK ,,,,  express the knowledge, Kid is the 

primary key of the knowledge, Value is the value of the 
knowledge, Gid∈ ( )ValueGidPidP ,,  is the field bound by the 

knowledge, Low is the lower limit, and Up is the upper limit. 
A tuple in K can describe a piece of knowledge. 

Definition 2 Conceptual relation PE：Given a relation 
P and a knowledge base K, a generalized rule can be 
described by a piece of knowledge k∈K , According to the 
generalized rule k everyone in P is processed, and a 
conceptual relation is generated, which is expressed as 

( )ValueGidPidPE ,, . If pe is a tuple of the relation PE, then 

it satisfies formula 1. 
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Here, ValueT .  may be computed by predefined rules. 
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Definition 3 Knowledge-based multilevel query：On a 
table pe whose relational schema is PE (Pid, Gid, Value) a 
query Q is given in the form of  Q=C1 ∧…∧ Ck, ,here each 
Ci (i=1, …,k, k≤n) is a basic query condition. If there is at 
least one basic query condition contained in the conceptual 
relation PE, then the query Q is called knowledge-based 
conceptual query, and if a condition is on the concept at 
several levels, then it is called knowledge-based multilevel 
query. 

IV.  THE KNOWLEDGE-BASED MULTILEVEL QUERY 

Taking data query about housing products in rural town 
for example (Table 1), a concept hierarchy of the product’s 
attributes, the knowledge base, and the knowledge-based 
generalized data are given. 

 
TABLE I     PRODUCT FUNCTIONS 

ID D11 D12 D21 D22 
P01 1.9 2.1 3.1 2.1 
P02 2.4 2.4 3.4 1.4 
P03 1.7 2.1 3.1 3.1 
P04 3.4 2.4 3.4 3.4 

 
A.  The Knowledge-based Generalized Rule 

A knowledge-based generalized rule consists of a 
concept hierarchy and a knowledge base, by which the 
generalized data of initial data is generated. 

As shown in Figure. 1, it is the concept hierarchy of the 
product’s attributes. Here identification codes of the 
attributes reflect their hierarchical relationship, the concept 
D1 which has identification code “01” is a higher level 
concept, and its lower level concept is the concept D11 
which has identification code “0101”, denoted as D11<D1; 
the mapping rule from a set of low level concepts to higher 
level is implemented by formula 2, here the value of 

wD ij . is the weight of the attribute Dij. 

wDValueDValueD ij
DD

iji

iij

.*..
<
=                  (2) 

In order to achieve the conceptual query, the domain 
knowledge base needs to be established, and a knowledge 
base K (as shown in table 2) used in the query is given 
according with the definition 1. Here, Value is the value of 
the knowledge, expresses the fuzzy concepts such as level 
“A”、“B”、“C” “D”, and is denoted as number 95, 85, 75 
and 65 for the multilevel process. The knowledge base 
which exists independently can be updated constantly, 
ensuring reliability and feasibility of the knowledge [8].  
 

TABLE II       KNOWLEDGE BASE K 
Kid Value Gid Low Up 
K01 95 0101 1.0 1.5 
K01 85 0101 1.5 2.0 
K01 75 0101 2.0 2.5 
K01 65 0101 2.5 5.0 
K02 95 01 90 100 
… … … … … 

 

 
Figure 1. concept hierarchy 

 
B.  The Knowledge-based Generalized Data 

In order to make the query’s versatility and scalability 

better , product performance data shown in table 1 can be 

used to represent as initial data P  according with define 1. 

Here, Pid is the primary key, Gid is the identification code 

of the attribute (the identification code “0101” is used to 

express the attribute D11), Value is the value of the attribute 

(such as D11). One tuple in P includes an attribute of product 

and its value, and some tuples can describe one product. 
In knowledge base K, the knowledge encoded as “K01” 

can be used to treat tuples whose identification code is 
“0101” in P on the lower concepts, and other tuples can be 
of similar treatment. The generalized data on low level of 
relation P is PE as shown in table 3. 

TABLE III     GENERALIZED DATA ON LOW LEVEL PE 
Pid Gid Value  
P01 0101 85 
P01 0102 75 
P01 0201 75 
P01 0202 85 
P02 0101 75 
… … … 

 
At the same time, because attributes is hierarchical, so 

knowledge formed by relationship between attributes is also 
hierarchical, as well as generalized data. Firstly, the weights 
of lower concepts contained on higher level should be 
obtained (Figure. 1), and then the weighted sum of 
generalized data PE on low level is computed according to 
formula 2. Finally, after PE is treated by the knowledge 
such as “K02” in K, the generalized data PE2 on higher 
level is obtained (table 4). 

 
TABLE IV     GENERALIZED DATA ON HIGH LEVEL PE2 

Pid Gid  Value  
P01 01 85 
P01 02 85 
P02 01 75 
… … … 

 

C.  The Knowledge-based Multilevel Query on 
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Generalized Data 
In the knowledge-based conceptual query, If the query 

condition is only on the concept at a level, then the query is 
called single-level query; if the condition is on the concept 
at several levels, then it is called multilevel query. Here, the 
query about housing products in rural town is taken as an 
example to show how to use the method in the paper for 
achieving multilevel conceptual query.  

Example: The User wants to query for products whose 
attribute D1 is “B” and D21 is “C”. 

The query 
( ) ( )PP ValueAndGidValueAndGid 75'0201'85'01' ==== ∩ σσ

on the basic relation is denoted as Q. If the query is directly 
executed on the relation P, then the count of records 
returned is zero, and the eligible result set cannot be visually 
found. Therefore, it needs to convert the condition into 
standard SQL statement (as follows) according to the 
knowledge base K. 

Select  a.Pid  
From   
(Select  Pid,K.Value From P,K Where P.Gid = '0101' And P. 

Gid =K. Gid And P.Value>=K.Low And P.Value<K.Up) as a ,  
(Select  Pid,K.Value From P,K Where P.Gid = '0102' And P. 

Gid =K. Gid And P.Value>=K.Low And P.Value<K.Up) as b ,  
(Select  Pid,K.Value From P,K Where P.Gid = '0201' And P. 

Gid =K. Gid And P.Value>=K.Low And P.Value<K.Up) as c  
Where  
 (a.value*0.6+b.value *0.4>=80) And (a.value *0.6+b.value 

*0.4<90) And  (c.value=75)  
And  a. Pid =B. Pid And b. Pid =c. Pid 
Group By a. Pid 
The query  

( ) ( )PEPE ValueAndGidValueAndGid 75'0201'85'01' 2 ==== ∩ σσ      

on the conceptual relation is denoted as QE, and the relevant 
SQL statement is as follows. 

Select  Pid  
From  PE2 
Where  Gid ='01' And Value=85 And Pid In(Select  Pid From  

PE Where  Gid ='0201' And Value=75) 
Group By Pid 
From the example presented above, it may be seen that 

the basic method to achieve the conceptual query on 
multilevel concepts needs to convert the conditions into the 
SQL statement, and its efficiency is poor. But the proposed 
method has the simple and efficient advantage under certain 
conditions, and the more complex the concept hierarchy is, 
the more obvious the advantages are.  

V.  EXPERIMENTS 

In this paper there are 7 synthetic databases used for 
the experiment. They have the schema according with 
definition 1-2, whose indexes are established on the primary 
key. The random housing products are separately stored in 
each database, whose count is from 10000 to 70000. The 
initial data in P is generated into the generalized data “PE” 
and “PE2” according to the knowledge K (table 2) and the 

concept hierarchy (Figure. 1). The experiments aim at 
comparing the efficiency with the queries. 

In table 5 the CPU time is compared between Q and 
QE in the data sets which are different sizes, and the CPU 
time of QE is always smaller than Q with the same selection 
scale. It shows that the query efficiency of the method 
proposed in the paper is better than the basic method in the 
conceptual query on multilevel concepts. Its efficiency is 
improved by at least 40 percent compared with the basic 
method in this experimental environment. It increases the 
cost of data storage, and the storage efficiency is affected by 
the multilevel generalized data. In the application of giving 
priority to query efficiency, the knowledge-based multilevel 
query has certain advantages. 

 
TABLEV     COMPARISON OF QUERY EFFICIENCY BETWEEN Q AND QE 

Data sets (10000) 1 2 3 4 5 6 7 
Q CPU time(ms) 483 400 326 423 590 660 816
QE CPU time (ms) 26 100 183 230 316 370 340
Selection Scale (%) 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Efficiency Increase (%) 95 75 44 46 46 44 58

 

VI.  CONCLUSIONS 

A knowledge-based query method on multilevel 
generalized data is proposed in the paper. Taking housing 
products in rural town for example, the generalized data of 
initial data is generated by knowledge base, and then the 
query is achieved on generalized data. Experiments on the 
synthetic data sets show that the query efficiency of the 
method proposed in the paper is obviously better than the 
basic method on multiple levels. The knowledge-based 
multilevel query will provide efficient methods for the 
query about housing products in rural town, and it is able to 
meet the needs of customers with different knowledge. 
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