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The original version of the Repeat Sequence Database (RSDB1) [2] was created
based on centralized database systems (CDBSs). RSDB presently includes an enormous
amount of data, with the amount of biological data is increasing rapidly. Distributed
RSDB (DRSDB) is developed to yield better performance. This study proposed many
approaches to data distribution and experimentally determine the best approach to obtain
good performance of our database. Experimental results indicate that DRSDB performs
well for particular types of queries.
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1. INTRODUCTION

The amount of biological data available in the post-genomic era is increasing rap-
idly. Large data stores are thus required. The Repeat Sequence Database (RSDB) [2] is
based on CDBSs architecture [1]. The motivation to create an RSDB follows Li et al. [9]
who stated that about 43% of the human genome consists of repetitive elements. Ap-
proximately 51% of the rice genome is occupied by repetitive elements. Analyzing re-
petitive elements reveals that repetitive elements in our genome may play an important
role in evolutionary genomics.

Distributed database systems (DDBSs) represent the trend for storing a large
amount of data [6, 7] owing to its ability to improve system performance. Data distribu-
tion and extents of data replication are key factors in determining the performance of
distributed database systems [4, 5, 8]. Assumptions are made concerning the distribution
of data and replication in a system to simplify the evaluation of performance measures. A
data distribution and replication model is specified by four parameters. While the data
distribution and replication models appear to be simple, the results generated by them are
close to those from complex models.
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Data placement is important for achieving high performance shared-nothing parallel
database systems and DDBSs [3]. A poor data displacement strategy can result in a
non-uniform distribution of data load. However, no consensus exists on the most effi-
cient data placement algorithm, and placement is still performed manually by a database
administrator with periodic reorganization.

Another database, “Distributed RSDB”, based on DDBSs architecture is developed
to improve on the performance of the original RSDB. The performance of CDBSs is
compared to that of DDBSs, and appropriate data distribution approaches for RSDB, to
implement DRSDB with higher performance, are found.

The rest of this paper is organized as follows. In section 2, we briefly describe
RSDB. In section 3, we give the design of experiments. Section 4 shows the performance
evaluation of the experiments designed in section 3. Finally, we draw a summary in sec-
tion 5.

2. REPEAT SEQUENCES DATABASE (RSDB)

2.1 System Architecture

Table 1 lists the number of repetitive elements for each of the 24 organisms in
RSDB. Fig. 1 shows the system architecture of RSDB.

Table 1. The amount of data in RSDB.

Identical Repeats 71 millions
Copies of Repeats 218 millions
(Repeat) Sequences 59 millions

Fig. 1. System architecture of RSDB.
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2.2 Queries on RSDB

RSDB currently supports four types of queries:

• Search By Feature
• Search By Range
• Search By Pattern
• Search By Accession Number or Sequence ID

3. EXPERIMENTAL DESIGN

3.1 Experimental Environment

The experimental environment for DRSDB includes three SMP PCs. The bandwidth
of the communication network is 100MB/s. The operating system is RedHat Linux 6.2
and the version of Oracle DBMS is 8.1.7. Fig. 2 shows the system architecture of
DRSDB.

Fig. 2. System architecture of DRSDB.

3.2 Data Distribution

We understand the data distribution is an important issue of DDBSs. The decision
of how to distribute data is important in obtaining good load balancing. Herein, accord-
ing to the statistics gathered in RSDB’s data warehouse, we design two data distribution
approaches used to distribute repeat data.

(A) Distribution by interleaving each record of a column value (Type 1)
Many records of a given column value may exist. This method distributes each
record of this value to each site. For example, many repeats exist in CE’s chro-
mosome X. The first record of a chromosome value of “X” is stored at site 1;
the second at site 2, and so on. Consider the column “copy” in the “REPEAT”
table as another example. Many CEs repeat twice. The first record of the “copy”
value of two is stored at site 1, the second record at site 2, and so on. Fig. 3 il-
lustrates how data is distributed according to this method.

(B) Distribution by statistics in the RSDB’s data warehouse (Type 2)
According to the statistics in the RSDB’s data warehouse, the identical se-
quence to which repeats usually refer is 13 or 14 base pairs long. These data
may thus be stored at a single site, and repeats of fewer than 13 bp or more than
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14 bp in length are stored at the two other sites. Besides, repeats with two
copies represent half of all the identical repeats. Thus, all these data may be best
stored at one site. Fig. 4 shows how data is distributed according to this type.

Fig. 3. Distribution by interleaving with each record of a column value.

Fig. 4. Distribution by statistics in RSDB’s data warehouse.

3.3 Experimental Queries

Herein, many “Search By Feature”, “Search By Range”, and “Search By Pattern”
queries are considered because sometimes much time is required to execute such of que-
ries. Besides, CE’s repeat data are used as test data because CE includes the most data. A
single repeat has several features. Users may specify or not specify these features to se-
lect desired repeats. Herein, some representative queries are designed, and each query
specifies different features to evaluate the performance of this query under various con-
ditions. Table 2 shows queries used to evaluate “Search By Feature” in CDBSs and
DDBSs.

Table 2. Queries used to evaluate Search By Feature.

Query Search for CE’s repeats with the following features
Q1 Palindromic
Q2 Length = 14, AT = 50%, Direct
Q3 Copy = 2, AT = 100%, Bi-directional
Q4 Length = 20, Copy = 7, AT = 75%, Bi-directional
Q5 Length = 11 ~ 30, Copy = 2 ~ 5, AT = 25%, Intrachromosomal
Q6 Length = 31 ~ 100, Copy = 6 ~ 10, AT = 70% ~ 100%, Direct, Interchromosomal
Q7 Copy = 2 ~ 8, AT = 50%, Palindromic
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4. PERFORMANCE EVALUATION

Fig. 5 shows that approaches to data distribution affect the performance of the que-
ries. This Figure shows that queries are more poorly responded to if data is distributed by
the Type 2 approach. Fig. 6 shows the same results. According to the experimental re-
sults for this type of query, the query performs very well if it includes a column in which
data is distributed using the Type 1 approach to distributing data. However, some queries,
if the column, “LENGTH”, is chosen to distribute data and the query is executed without
the feature, “LENGTH”.

Comparison between CDBSs & DDBSs
Search By Feature (C. Elegans) - Query 6
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Fig. 5. Comparison between CDBSs and DDBSs of Query 6.

Comparison between CDBSs & DDBSs
Search By Feature (C. Elegans) - Query 4
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Fig. 6. Comparison between CDBSs and DDBSs of Query 4.
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The overall system performance in response to the search queries was measured.
The experimental results are considered below. Fig. 7 shows a particular experimental
result. The data distribution is not uniform and measuring performance of CDBSs and
DDBSs is therefore difficult. However, the workload of CDBSs exceeds that for DDBSs
for the same concurrent requests.

Concurrent Requests on CDBSs and DDBSs of Search By Feature
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Fig. 7. Concurrent requests of Search By Feature.

5. SUMMARY

Approaches to data distribution are important to distributed database systems. A
poor data distribution strategy can lead to a non-uniform distribution of the load, as
proven experimentally using the “Distribution by statistics in the RSDB’s data ware-
house” approach. Choosing an appropriate approach to distribution data for Search By
Feature is important; determining the best approach is not easy. Therefore, user query
logs can be analyzed to determine the approach to distributing data of greatest benefit.
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