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Abstract. Chen and his partners [2] proposed an approach which combines
nested signature file hierarchy and signature graph as follow: (1) all files con-
taining signatures are organized in a hierarchy for a quick filter of unsuitable
data; (2) Each signature file is stored in a graph structure (called signature graph)
to speed up signature scanning. This technique reduces significantly searching
space, so it improves significantly query time complexity. In this paper, we
improve query algorithm on signature graph based on the approach proposed by
Chen and his partners, to improve query time on signature graph.
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1 Introduction

Study of indexing technique is always an important issue in effective information
searching from databases. For object-oriented databases, direct query on objects has a
large time cost. There are many database indexing techniques to process query on
object-oriented databases in which signature file approach has been widely acknowl-
edged and been an effective approach in processing query on object-oriented databases.
For this approach, objects of a class are coded into object signatures by using hash
function and stored in a signature file. However, query on signature file has a disad-
vantage which is high cost due to scanning the whole file. Some other indexing
methods try to overcome this and can be found in many researches [1–3, 8, 9].

In this paper, we propose improvement of query algorithm on signature graph
which can be used to improve query time. Firstly, we organize sequential signature files
in nested signature file hierarchy to reduce searching space during querying. Then we
store each signature file in signature graph to speed up signature file scanning. The
larger signature file is, the more time can be saved by using this approach.

This paper is organized as follows. In part 2, we provide background. Part 3
proposes an improved approach of algorithm on signature graph. Part 4 proposes an
approach combining signature file hierarchy and signature graph. Finally, part 5 gives
out a conclusion.
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2 Background

This part only presents some basic concepts related to object signatures, signature files.
Further information can be found in [1, 2].

2.1 Attribute Signature

In an object-oriented database, each object is presented by a set of attribute values.
Signature of an attribute value is a sequence of hashed-code bits. Given an attribute
value, for example the word “student”, we decompose it into a string of three-letter sets
as follow: “stu”, “tud”, “ude”, “den” and “ent”. Then, using hash function h, we map a
triplet to an integer k which means kth bit in a string assigned value 1. For example,
assuming that we have h(stu) = 2, h(tud) = 7, h(ude) = 10, h(den) = 5 and h(ent) = 11.
Then we create a bit string: 010 010 100 110 which is signature of the word.

2.2 Attribute Signature, Signature File

Object signature is constructed by logical OR algorithm for all signatures of attribute
values of the object. Below is an example of an attribute signature:

Example 1. Consider an object which has attribute values of “student”, “12345678”,
“professor”. Suppose that signature of these attributes is:

010 010 100 110
100 010 010 100
110 100 011 000

In this case, object signature is 110 110 111 110, generated from attribute signa-
tures by using logical OR algorithm. Object signatures of a class are stored in a file,
called object signature file.

2.3 Query Signature

An object query will be encoded into a query signature together with hash function
applied to objects. When a query needs to be executed, object signatures will be
scanned and unmatched objects will be excluded. Then query signature is compared
with object signatures of signature file. There are three possibilities:

(i) The object matches with the query, i.e., for every bit in query signature sq,
corresponding bit in object signature s is the same, i.e., sq˄s = sq, a real object of
query.

(ii) The object does not match with the query, i.e., sq˄s ≠ sq;
(iii) Signatures are compared and matching one is found but its object does not match

with searching condition of the query. To eliminate this case, objects must be
checked after object signatures are matched.
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Example 2. This example illustrates the query for object signature in Example 1:

Query : Query signature : Result :
student 010 000 100 110 successful
john 011 000 100 100 unsuccessful
11223344 110 100 100 000 false drop

Comment: comparing query signature sq object signature s is incorrect compari-
son. That means, query signature sq matches with signature s if for any 1 bit in sq, the
corresponding bit in s is also 1 bit. However, for any 0 bit in sq, the corresponding bit in
s can be 0 or 1.

2.4 Querying Object-Oriented Databases

In object-oriented CSDL system, an entity displayed according to object type including
methods and properties. Objects have similar methods and properties gathered in the
same layer. If the C layer has a complex property with domain C’, so we shall create
relation between C and C’. This relation is general relation. When using arrow to
connect layers for displaying general relation, need to create general hierarchy for
displaying nested structure of layers.

Example 3. This is an example about nested object hierarchy system illustrated like this:

Object o referenced is a property of object o’, then object o considered as nested
with each other in o’, and o’ considered as ‘father-object’ of o.

In object-oriented CSDL, condition found in query collected in a collection of
properties. This property is a nested property of target layers.

Student

- Stud-Name:  char
- University:  University
- Programme:  Programme
- Stud-Birthplace:  char
- Stud-Sex:  byte
- Family:  Family

University

- Dept:  Dept
- Uni-Name:  char
- Uni-Addr:  char

Dept

- Dept-Name:  char
- Dept-Addr:  char

Programme

- Sub-Name:  Subject
- Prog-Name:  char

Subject

- Sub-Name:  char

Family

- Fam-Name:  char
- Fam-Birthplace:  char
- Fam-Sex:  byte

Fig. 1. An example of a nested object hierarchy

300 T.M. Bao and T.C. Tuan



Example 4. The query “retrieve all students born in Ben Tre of dept information
technology” can be expressed as:

Without indexing structures, the above query can be evaluated in a top-down
manner as follows. First, the system has to retrieve all of the objects in the class Student
and single out those who were born in Ben Tre. Then, the system retrieves the
University objects referenced by the Student born in Ben Tre and checks the
Dept-Name of the Dept. Finally, those Students born in Ben Tre by a University that
has Dept information technology are returned.

2.5 Signature File Hierarchy and Query Algorithm

2.5.1 Signature File Hierarchy
Purpose of using signature file: remove unconditional objects, it means if we have a
signature is not suitable with query signature so the object related with this signature
surely ignored. So therefore we do not need to access to these objects.

Example 5. Signature and signature file hierarchy:

s(o, Dept-Name)

s(o, Dept-Addr)

s(o)

s(o)

s(o’, Uni-Name)

s(o’, Uni-Addr)

s(o’)

(a) (b)

OID

OID

OID

OID 

OID 

(c)

110 110 111 110 
… … 

110 110 111 110 
… …

110 100 000 100 
… …

110 010 110 110 
… …

010 000 100 110 
… … 

100 100 001 100 
… …

Student

University

Programme

Family

Dept

Subject

Fig. 2. Signature and signature file hierarchy
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Considering Dept layer in 0 hierarchy of complex properties in Fig. 1. Signature of
o object can be created by method in Fig. 2(a), each s(o, x) signature symbol created for
property value x of o and s(o) signature symbol o. To layers of complex properties,
signature of objects can be created with the same method, like layer of original
properties. Difference: signature of complex property is signature of referenced object
illustrated in Fig. 2(b). In Fig. 2(b), o’ marked object of University layer. And o object
of Dept layer is Dept’s property value of o’. Hierarchy of signature file is used for
creating databases displayed in Fig. 1 also illustrated in Fig. 2(c).

2.5.2 Query Algorithm Based on Signature File
We use query signature-tree to decrease searching-space. In this method, we need two
stack structures to control prioritize scanning according to depth of tree structures:
stackq to Q(s, t) and stackc to class hierarchy. In stackq, each component is a signature,
meanwhile in stackc, each component is a collection of objects belong to the same layer
can be approached by scanning class-hierarchy.
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This technique helps for optimization when we implement step (4). In this step,
some objects selected by using corresponding signature in query signature tree. In step
(5), referenced objects and son-node’s signatures of query signature tree is added to
stackc and stackq. In step (7), we will conduct inspection on errors.

Example 6. Assuming we have a part of signature file hierarchy is created for a CSDL
based on a diagram in Fig. 1 belongs to type described in Fig. 3:

When the first signatures of signature-file for Student is suitable with signature in
query signature tree, signatures are referenced by themselves in signature file for
University need to have additional inspection. Assuming we have the first signature of
University is referenced by the first signature in Student meanwhile the second sig-
nature in University is referenced by the second signature in Student. We can see that
the second signature in University is not suitable with corresponding signature in query
signature tree. Therefore, all signatures of Dept object is referenced by Dept object
won’t be inspected (watching grey illustration in Fig. 3). This method is optimal
method when comparing with “searching from top to bottom” because in “searching
from top to bottom” must inspect all Dept‘s object-signatures.

2.6 Signature Graph

2.6.1 Construction of Signature Graph
To find a matching signature, a signature file has to be scanned. If it is large, the
amount of time elapsed for searching such a file becomes significant. The first idea to

Fig. 3. Illustration of query evaluation
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improve this process is to sort the signature file and then employ a binary searching.
Unfortunately, this does not work due to the fact that a signature file is only an inexact
filter. The following example helps for illustration.

Example 7. Consider a sorted signature file containing only three signatures:

010 000 100 110
010 100 011 000
100 010 010 100

Assume that the query signature sq is equal to 000 010 010 100. It matches 100 010
010 100. However, if we use a binary search, 100 010 010 100 cannot be found. On the
other side, there might be the same signatures in the signature file that match with
objects having the same content, query processing needs to find out all locations of
suitable objects. Due to this reason, we will organize signature file in a graph, called
signature graph, to store signature list and allow reverse query for location of corre-
sponding data. We have the following definition:

Example 8. Consider the signature file and signature graph (Fig. 4):

3 Improved Algorithm

In this part, we propose improvement of query algorithm on signature graph [3] which
can be used to improve query time as follows:

Fig. 4. Signature file and signature graph
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3.1 Improved Algorithm for Signature Graph Search

3.2 Time Complexity

From [3], query time complexity on signature graph is O(N/2 l), where N is the number
of signatures in the signature file and l is the number of bit 1 put in query signature Sq.

If query signature weight is higher than 50 % then the number of bit 1 is larger than
the number of bit 0 in Sq. Let k be the number of bit 0 put in query signature Sq, then
we have O(N/2 l) > O(N/2 k). Otherwise, O(N/2 l) < O(N/2 k).
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The above analysis shows that if signature weight is higher than 50 %, comparison
between query signature and signature of signature file will be based on bit 1. Otherwise,
it will be based on bit 0, this way can improve query time on signature graph.

4 Approach Combining Signature File Hierarchy
and Signature Graph

4.1 Query Data Structure Model

To improve query time on databases, we need to describe data structure in a more
simple way and build a corresponding data structure to reduce searching space during
implementing query while ensuring query of necessary objects by using signature
graph. From [3], to make query more optimized, we need to combine signature file
hierarchy and signature graph, this issue has been proved to improve query time better.
From Algorithm 3, query time complexity on signature graph is smaller than query
time complexity of Algorithm 2. Thus, we still use signature file hierarchy as in [3], but
replace Algorithm 2 with Algorithm 3 to improve query time better.

Base on theoretical basis and suggested algorithm, the paper proposes improved
approach for query algorithm on signature graph combining signature file hierarchy as
follows: (1) Each signature file is stored in signature graph structure to speed up
signature file scanning; (2) All of signature files are organized in hierarchy to facilitate
implementing step by step filter technique.

Example 9. Construction of signature graph is illustrated as below (Fig. 5):

Example 10. Combination of signature file hierarchy and signature graph is illustrated
as follow (Fig. 6):

Class Student 

Class University 

Class Dept 

110 110 111 

110 110 111 

010 000 100 

… … … … … …

Fig. 5. Construction signature graph
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Data structure is totally stored in the main memory, in this case, inserting or
deleting a signature on a signature graph can be done easily. However, files are very
large in databases, so database structure cannot store in the main memory but in the
external memory. For object-oriented databases, they will be stored and implemented
on the external memory. An object-oriented database has many classes, each class has
many objects. There is a signature graph structure corresponding with each class, also
each object will form an object signature. The entire object-oriented database is par-
titioned in a hash table structure including object’s signatures to implement query
process.

4.2 Object-Oriented Query Processing

To execute a query of an object in an object-oriented database, firstly we have to
change an object-oriented database into data structure as above, we do:

After having data structure for query, we execute object query process on object-
oriented databases as follow:

Student

University

Programme

Family

Dept

Subject 

Fig. 6. Signature file hierarchy and signature graph
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5 Conclusion

In this paper, we propose a query algorithm improvement on signature graph. Signature
graph structure is built on signature file for a class and help improve significantly
signature file searching. Signature files are built up to a hierarchy with structure of
nested classes in an object-oriented database to improve significantly query time.
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