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1 Introduction

This paper describes a method for a WWW-based
melody-retrieval system built on a scalable computer
network. The system takes a melody sung by a user as
a search clue and sent over the Internet and uses it to
retrieve the song’s title from a music database.

In building melody retrieval services on the Inter-
net, it is quite important to keep quick and accurate
retrieval against a large database which are contin-
uously increase and against enormous user accesses.
An effective method for reducing the retrieval time
to an acceptable level is making index of melody se-
quences and previous works [Kageyama et al., 1993]-
[Sonoda et al., 2000] proposed several indexing meth-
ods.

In previous paper[Sonoda et al., 2000], we developed
an effective indexing method for melody sequences. It
took advantage of DP matching and quickly and accu-
rately identified a desired melody in a large database
which contained about 10,000 pieces of music.

Since the previous method was built on a computer,
the size of a music database was limited according to
the disk space. The ability of treating user accesses was
also limited by its CPU ability. It is, therefore, difficult
to extend the service to a larger database without over-
coming those limitations. It is also difficult to accept
enormous user accesses at a time.

In order to solve this problem, we propose a method
of parallel-ized computer network. The network struc-
ture of the method is scalable and it can consist of only
a computer and can be extended to any number of com-
puters. By using the method, a melody-retrieval system
can provide quick and accurate retrieval service.

Testing of our method with 6 PCs against a database
containing about 30,000 melody sequences showed that
its retrieval time is within a second. Its matching accu-
racy was highly accurate, about 70% for 1,000 inputs
from 15 different people. This level is high enough for
a melody-retrieval service on the Internet.

2 Melody-Retrieval System
This section describes the overview of our system and

proposes a method of parallel-ized melody-retrieval
servers.
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Figure 1: Melody-retrieval system with parallel-ized
servers.

2.1 Overview

Fig. 1 shows our current system which consists of
melody-retrieval servers and user-side client for use by
an ActiveX(TM) program for Internet Explorer(TM)
on Windows(TM) PC.

The server network is scalable and as shown in Fig.1,
the maximum server structure has three server layer-
s contains (A)a CGl-server, (B)retrieval managemen-
t servers and (C)melody-retrieval servers. The mini-
mum structure, on the other hand, consists of only one
melody-retrieval server(C) directly accepts queries of
user-side clients.

2.2 Melody-Retrieval Method

In using our system, at first, a user inputs a melody into
a microphone by singing from an any part of a piece of
music. The key and tempo can be arbitrarily chosen.
The client system assumes that each input note begins
with a voiceless consonant and ends with a vowel (e.g.
ta-ta-ta/cha-cha-cha).

After A/D conversion, the client extracts sequences
of pitch and span of notes from the input. These se-
quences are converted into relative-value sequences of
pitch and span to normalize the key and tempo. These
relative-value sequences are then transmitted to the
server-side.



The main function of server-side system is matching.
The server-side system receives an input melody from
a client and ranks song titles in an order based on the
distance calculated by DP matching between the input
melody and each song of its music database. The server
then transmits the list of the ranked song titles to the
client as a matching result.

Fig. 2 illustrates our client interface.
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Figure 2: User-Side Client Interface.

2.3 System Scalability Problem

The most important point in building a melody re-
trieval service on the Internet is to keep quick retrieval
and high matching accuracy even though the number
of melodies and user accesses are enormously increased.

We have proposed an effective indexing method for
a large database which contains about 10,000 pieces of
music in a previous paper [Sonoda et al., 2000]. The
method was implemented on a computer and its pro-
cessing ability was limited by the disk space or by its
CPU ability. It was difficult to keep quick retrieval for
a music database which continuously increases. It was
also difficult to treat a lot of simultaneous accesses with-
out taking the system scalability into consideration.

We therefore propose a server network structure
which consists of the melody-retrieval servers and sever-
al management servers. The method has scalable struc-
ture which can consist of only a computer while it can
comsist of a lot of computers.

2.4 Parallel-ized Server Structure

In order to build a scalable melody retrieval system, we
propose the following three server layers.

(A) A CGI-server has several functions such as load-
balancing, security guard, data-relay and server-down
detecting. The current CGl-server is implemented by
CGI program for Apache web-server since most of the
Internet user can access our service by using common
web-browser (Internet Explorer). When the CGI-server

accepts a user’s query, it sends the query to one of re-
trieval management servers connected.

(B) Each retrieval management server manages in-
formation of several melody-retrieval servers and has
the list of melody-retrieval servers to manage.After re-
ceiving a user’s query from a CGl-server, it distributes
the query to listed melody-retrieval servers for match-
ing process. Then the retrieval management server re-
ceives the matching results from each melody-retrieval
server and sort the matching results. According to sort-
ed matching results, the retrieval management server
generates HTML file and feed it back to the user as a
retrieval result.

(C) Each melody retrieval server has a database con-
sisting of standard MIDI file (SMF) data and an index
of the database. After receiving the user’s query, the
server executes a matching process. It compares the
melody sequences of user’s query with sequences for
each database melody by using DP matching and titles
of the corresponding melodies are then ranked based on
the distance calculated by the matching process. Final-
ly, the server transmits the list of the ranked song titles
to the client as a matching result.

3 Server Features

This section describes several features of the parallel-
ized retrieval servers.

3.1 Scalability

In order to keep scalability from a small system imple-
mented on a computer to a large system on enormous
number of computers, our server network has simple
rules as follows.

1. A melody-retrieval server can directly accept us-
er’s query even if no other server are running. It
can directly returns a matching result to user-side
client in such a case.

2. A melody-retrieval server can accept user’s query
via a retrieval management server or via a CGI-
server and returns a matching result to the server
that posted the query.

3. A retrieval management server can directly accep-
t user’s query when at least one alive melody-
retrieval server registered to the server-list of the
retrieval management server. It can directly re-
turns a matching result, which are calculated on
melody-retrieval servers, to user-side client in such
a case.

4. A retrieval management server can accept user’s
query via a CGIl-server when at least one alive
melody-retrieval server registered to the server-list
of the retrieval management server. It returns a



matching result, which are calculated on melody-
retrieval servers, to CGl-server in such a case.

5. A CGl-server can directly accept user’s query even
if no other servers are running.

3.2 Reliability

For the purpose of the continuous service, the server-
down detecting function is required. In order to achieve
this, our proposed system has the following two server
functions.

1. CGI-Server
When a CGl-server of our system sends a user’s
query to a retrieval management server, it veri-
fies if the retrieval management server is alive or
not. If a retrieval management server is down, the
CGl-server seeks other alive server and switches
the process.

2. Heart-Beat Server
Our system has a server, named Heart-Beat Serv-
er, which send a signal to each retrieval manage-
ment server and each melody-retrieval server every
second for checking each server status. When the
Heart-Beat Server detects a server down, it quickly
restarts the down server.

3.3 Availability

Both a melody-retrieval server and a retrieval manage-
ment server are implemented in Java, and the total class
sizes for each server is about 100Kbytes. It shows that
our system can be available on various computer envi-
ronments.

3.4 Security

When a CGl-server is used on our system, it can al-
so contribute for the system security. The CGIl-server
keeps melody-retrieval servers unreachable from a glob-
al network and no users can know the real IP address
or other information of each retrieval server.

4 Experiments and Results

We evaluate the proposed method and verify its effec-
tiveness in this section.

To test our retrieval server, we ran it on 6 PCs a-
gainst a database containing 30,000 melodies, consist-
ing of 29,750 randomly generated pieces of music and
250 pieces of music from popular songs. Each melody-
retrieval server is implemented according to our previ-
ous papers [Sonoda et al., 1998, Sonoda et al., 2000].

We tested our system on a PC with a 866-MHz
Intel Pentium™  IIT processor and 256 MB of RAM.

We used 1,000 input queries from 15 people (10 men
and 5 women). Each query was limited to a maximum

of 15 seconds, and the sampling rate was 8 kHz. Fast
Fourier transformation with 512 points to a frame (16
msec) was used to convert the acoustic data into melody
data.

In testing of our method, its matching accuracy was
72.0%. and retrieval time was 0.96 seconds.

The result shows that our system achieved an ac-
curacy high enough for WWW-based melody retrieval
services.

5 Conclusion

We have proposed an effective method for a WWW-
based melody retrieval system on parallel-ized comput-
ers. By using the method, the matching accuracy for
30,000 pieces of music was about 70% and retrieval time
was 0.96 seconds. This search time will be kept when
we use larger database because the method has scala-
bility.

Since our current system has the limitation to the
way of singing, we plan to modify our voice recognition
function so that user can sing more naturally in the
future.
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