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Abstract Thispaperdescribesamethodfor aWWW-basedmelody-retrieval system,takes
a melodysungby a userasa searchclueandsentover the Internetandusesit
to retrieve thesong’s title from a musicdatabaseof standardMIDI files(SMF).
It wasdifficult to build amelody-retrieval servicewith a largedatabaseandwith
a lot of useraccessessinceit wasquitedifficult to build a systemwhich could
achievebothquicksearchandhighmatchingaccuracy. Weproposeamethodof a
scalablemelody-retrieval systemwhichachieves70%matchingaccuracy against
morethan20,000piecesof musicandits searchtime is within a few seconds.

Introduction

In building melody-retrieval serviceson theInternet,it is quiteimportantto
keepquick andaccurateretrieval againsta large database.In previous paper
[7], we developedaneffective indexing methodfor melodysequences.

It was,however, difficult to keepmatchingaccuracy whenwe limited the
sizeof index datafor reducingthesearchtime. Therewasabout5 % matching
accuracy lostascomparedwith thecasewhereanindex is notused.

In addition, our previous systemwith a large databasewhich contained
10,000melodiescould acceptonly one useraccessevery secondsincethe
performancewaslimited by theability of acomputer.

To solve theseproblems,we proposea methodof parallel-izedmelody-
retrieval servers. Thestructureof server network is scalable.It canconsistof
only aserveronacomputerandit canalsobeextendedto any numberof server
computers.

Testingof ourmethodwith parallel-ized5 PCsagainstadatabasecontaining
21,500melodysequencesshowed that its retrieval time was5.5 secondson
average.Its matchingresultwas70%for 1,200inputsfrom 3 differentpeople.
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Figure 1. A melody-retrieval systemonparallel-izedcomputers.

1. Melody-Retrieval System

Thissectiondescribestheoverview of oursystemandthenecessityof scal-
ableserver system.

1.1. Overview

Fig.1showsourcurrentsystemwhichconsistsof user-sideclientsandseveral
servers. It is quitedifferentfrom ourprevioussystem[7]whichconsistedof the
client andonly onemelody-retrieval server.

As shown in Fig.1,theserversystemhasat leastonemelody-retrieval server
with a musicdatabase(C)andit canbe parallel-izedby several servers(A,B)
which relaysusers’queriesandmatchingresults.

Eachmelody-retrieval server treatsa matchingprocessthat comparesthe
user’s input melodywith eachdatabasemelody. After thematchingprocess,
ourserverreturnsalist of musictitlesthathavesimilarmelody-partto theuser’s
input melody.

Themainfunctionof auser-sideclient,ontheotherhand,is to recorduser’s
sungmelody. A usercansinganarbitrarypartof a desiredmelodyby using
any key or any tempo. The acoustic-signalof recordedvoice is convertedto
smallmelodydataandit is transmittedto aserversystemasasearchclue. The
client finally receivesthemusiclist from theserver systemandshows it to the
userasamatchingresult.
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1.2. Necessity of Server Scalability

The mostimportantpoint in building a melody-retrieval systemis to keep
bothquick searchandhigh matchingaccuracy againsta largedatabase.It had
beenpointedoutthatespeciallythesearchtimeis quitedifficult to beshortened
whenwe indtendto increasethenumberof databasemelodies[1,2, 4, 5].

To solve this problem we have proposedan indexing methodbasedon
dynamic-programminganddevelopeda melody-retrieval systemwith a large
databasewhichcouldquickly finish retrieval process[7].

Thoughthemethodquiteeffective for reducingthesearchtime,therewasa
little lostof matchingaccuracy.

Whenweintendedtokeepsearchtimewithin asecondandlimited thesizeof
index dataupto thefix size,oursystemlost5%accuracy against10,000pieces
of musicandthelostof accuracy increasedalongwith thesizeof database.

It wasthereforenecessaryto developamethodwhichkeptbothquicksearch
andhighmatchingaccuracy.

To solve thisproble,we proposeascalableserver systemby usingparallel-
ized computersand achieve both quick searchand high matchingaccuracy
againstany sizeof database.

2. A Method of Parallel-ized Servers

This sectiondescribesa methodof parallel-izedserversandeachfunction
of theserver.

2.1. A Method of Scalable Server Structure

To parallel-izeseveralmelody-retrieval servers,weproposeamethodwhich
utilizesfollowing two typesof data-relayservers;(A)a CGI-serverwhichrelay
auser’squerydatatooneof connectableserversand(B)aretrieval managemant
server which relayauer’s querydatato all of connectableservers.

By usingthismethod,theserver systemcanconsistof variouscombination
of serversandcanhave scalabilityasfollows.

1 Fig.2-(1)showstheminimumstructurewhichconsistsof only amelody-
retrieval server(C). The structureis for a systemwith a small database
andwith few simultaneoususeraccesses.

2 Fig.2-(2)showsastructurewhichconsistsof aCGI-server(A)andseveral
melody-retrieval servers(C).The structureis for a systemwith a small
databaseandwith a lot of simultaneoususeraccesses.

3 Fig.2-(3) shows a structurewhich consistsof a retrieval management
server(B) andseveralmelody-retrieval servers(C).Thestructureis for a
systemwith a largedatabaseandwith few simultaneoususeraccesses.
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Figure 2. ScalableServerSystem.

4 Fig.1 shows the maximum structurewhich consistsof all of servers
(A),(B) and(C). Thestructureis for a systemwith a largedatabaseand
with a lot of simultaneoususeraccesses.

2.2. Function of Each Server

Wedescribethefunctionof eachserver in thefollowing paragraphs.

(A) CGI-server. ThecurrentCGI-server is implementedby CGI(Common
Gateway Interface)programfor a WWW server. Whena CGI-server accepts
a user’s query, it sendsthequeryto a retrieval managementservers(B)or to a
melody-retrieval server(C)andrelaytheserver’s messageto theclient.

(B) Retrieval Management Server. Eachretrieval managementserver has
thelist of melody-retrieval serversto manage.After receiving auser’squery, it
distributesthequeryto listedmelody-retrieval serverslike broadcasting.Then
the retrieval managementserver receives ranked music lists as the matching
resultsfrom eachmelody-retrieval serverandit sortsall of themin orderby the
similarity to theuser’s input melody. Thesortedmusiclist is returnedto the
user-client.

(C) Melody-Retrieval Server. Eachmelody-retrieval server hasadatabase
consistingof SMF.After receiving theuser’squery, theserverexecutesamatch-
ing process.It comparesthemelodysequencesof user’squerywith sequences
for eachdatabasemelodyby usingDPmatchingandtitlesof thecorresponding
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melodiesarethenrankedbasedonthedistancecalculatedby thematchingpro-
cess.Finally, theserver transmitsthelist of therankedsongtitles to theclient
asamatchingresult.Ourcurrentsystemutilizesamatchingmethodwhichwas
proposedin thepreviouspaper[3].

3. User-side Client

Theuser-sideclientplaysaroleof recordingtheuser’s voiceandtransmitit
to theserver-side. In thisprocess,weuseourproposedmethodin theprevious
paper[3].

In usingour system,at first, a userinputsa melodyinto a microphoneby
singing. The client allows the userto input from an any part of a pieceof
musicandto useany key or tempo.Theclientprogramassumesthateachinput
notebegins with a voicelessconsonantandendswith a vowel (e.g. ta-ta-ta/
cha-cha-cha)andthatinput soundis only user’s voice. This input methodhas
an advantagethat theclient systemclearly detectseachnotewhile it is not a
heavy taskfor auser.

Our client thenextractssequencesof pitch andspanof notesfrom thesung
melodyandconverts theminto relative-valuesequencesof pitch andspanof
notes. Thoserelative-value sequencesare transmittedto a melody-retrieval
server systemasasearchclue.

After searchprocessin theserversystem,ourclientsystemreceivesamusic-
list asasearchresultfrom theserver systemandshows it to theuser.

We developeda client user-interfaceshown in Fig. 3. It hasthreebuttons,
record,stopandsearch,anda text box to input a melodyandtext query. The
interfacealsohasanareafor graphicalfeedbackof user’s sungmelody.

Figure 3. Client Interface.
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4. Experiments and Results

Weevaluatetheproposedmethodandverify its effectivenessin thissection.
To testourmelody-retrieval server, weranit onseveralPCsandeachof PC

has850-MHz �������	��
��
������������������� processorand256MB of RAM.
Weusedadatabasecontaining21,500melodies,consistingof 20,000pieces

of randomlygeneratedmusicand1,500piecesof musicfrom popularsongs.
We used1,200input queriesfrom 3 people(2 menand1 woman). Each

recodingtimeof voicewaslimited within 15 seconds.Theaveragenumberof
notesof input melodieswas28.0.

Weevaluatedoursystemin 3ways;(1) throughputof thesystem,(2)database
scalability, and(3) theentireperformance.

4.1. Evaluation for Throughput of the System

Toevaluatetherelationshipbetweenthroughputof thesystemandthenumber
of melody-retrieval servers,wemeasuredthenumberof userquerieswhichcan
beprocesseda secondby increasingthenumberof PCsfrom 1 to 5. We used
6 PCsfor 1 CGI-server and5 melody-retrieval serversandbuilt the network
samewith beingshown in Fig.2-(2). In this experiment,eachserver hadthe
samedatabaseof 21,500melodiesandtheresultof this testis shown in Fig.4.
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Figure4. Therelationshipbetweenthethroughputandthenumber of melody-retrievalservers.

Weconfirmedthatthesystemthroughputimprovesaccordingto thenumber
of melody-retrieval servers.
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4.2. Evaluation for the Database Scalability

To evaluatethedatabasescalability, we measuredtherelationshipbetween
thedatabasesizeandthesearchtime. Weused1 retrieval managementserver
and5melody-retrievalserversfor thisexperiment. Eachmelody-retrievalserver
hada differentdatabasewhich contained4,300melodies. We increasedthe
numberof melody-retrieval serversfrom 1 to 5 andincreasedthedatabasesize
accordingto thenumberof serversfrom 4,300to 21,500.We built theserver
network samewith beingshown in Fig.2-(3)andtestedthesystemby usinga
querywhichnotelengthwas28. Table1showsthesearchtimefor eachnumber
of melody-retrieval servers.Eachsearchtime is theaverageof 5-time-search.

This resultshows thatour systemcouldkeepthesearchtime within thefix
timeby usingaretrieval managementserverandparallel-izedmelody-retrieval
servers.

Table1. DatabaseScalability

parallel-izedservers databasesize thesearchtime(sec)

1 4,300 4.62
2 8,600 5.22
3 12,900 5.44
4 17,200 5.45
5 21,500 5.48

4.3. Evaluation for the System Performance

Wefinally evaluatedoverallperformanceof oursystemagainst21,500pieces
of databaseby measuringmatchingaccuracy andsearchtime. Weused6 PCs
for 1 retrieval managementserver and5 melody-retrieval servers,which was
thesamewith previous evaluation. Thematchingaccuracy for 1,200queries
wascalculatedby countingthecasethatuser’s intendedmusicis rankedin the
topof amusiclist of thesearchresult.

Table2 shows theresultandwe confirmedthatour systemcouldkeepboth
highmatchingaccuracy andquicksearchagainsta largemusicdatabase.

5. Conclusion

We have proposedaneffective methodfor a WWW-basedmelody-retrieval
systemon parallel-izedcomputers. The methodenablesa melody-retrieval
systemtokeephighmatchingaccuracy andquicksearchagainstalargedatabase
andwe achieved to build a systemwhich matchingaccuracy was70%andits
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Table2. SystemPerformance

thedatabasemelodies 21,500
matchingaccuracy 70.2%
averageof thesearchtime 5.48sec
parallel-izedmelody-retrieval servers 5
thenumberof queriesfor testing 1,200
theaveragelengthof queries 28.0

searchtime was 5.5 secondsagainsta databasewhich containedmore than
20,000piecesof musicwhenweused5 parallel-izedPCs.

As thefuturework, we planto extendour systemsothatnot only SMF but
actualmusiccanbesearched[6].

Wearealsoplaningto applyoursystemfor usingoverphonessothatuser’s
canusethesystematany time.
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