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Abstract Thispaperdescribes methodfor aWWW-basednelody-retrigal systemtakes
amelodysungby a userasa searchclue andsentover the Internetand usesit
to retrieve the songs title from a musicdatabasef standardMIDI files(SMF).
It wasdifficult to build amelody-retrigal servicewith alargedatabas@andwith
a lot of useraccessesinceit wasquite difficult to build a systemwhich could
achieve bothquicksearchandhighmatchingaccurag. We proposeamethodof a
scalablanelody-retrigal systemwhichachieves70%matchingaccurag against
morethan20,000piecesof musicandits searchtime is within afew seconds.

| ntroduction

In building melody-retrigal servicesonthelnternet,it is quiteimportantto
keepquick andaccurateretrieval againsta large databaseln previous paper
[7], we developedaneffective indexing methodfor melodysequences.

It was, however, difficult to keepmatchingaccurag whenwe limited the
sizeof index datafor reducingthe searchtime. Therewasabout5 % matching
accurag lostascomparedvith the casewhereanindex is notused.

In addition, our previous systemwith a large databasevhich contained
10,000 melodiescould acceptonly one useraccessevery secondsincethe
performancevaslimited by the ability of acomputer

To solwe theseproblems,we proposea methodof parallel-izedmelody-
retrieval seners. The structureof sener network is scalable.lt canconsistof
only aseneronacomputerndit canalsobeextendedo any numberof sener
computers.

Testingof our methodwith parallel-izedb PCsagainsiadatabaseontaining
21,500melody sequenceshaved that its retrieval time was 5.5 secondson
average.lts matchingresultwas70%for 1,200inputsfrom 3 differentpeople.
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Figurel. A melody-retrigal systemon parallel-izedcomputers.

1 Melody-Retrieval System

This sectiondescribeghe overvien of our systemandthe necessityof scal-
ablesener system.

1.1. Overview

Fig.1shavsourcurrentsydgemwhichconsigsof user-sidecliensand several
seners. It is quitedifferentfrom our previoussystem[7which consistedf the
clientandonly onemelody-retrigal sener.

As shavnin Fig.1,thesener systemhasatleastonemelody-retrigal sener
with a musicdatabase(Candit canbe parallel-izedby several seners(A,B)
which relaysusers’queriesandmatchingresults.

Eachmelody-retrigal sener treatsa matchingprocesshat compareghe
users input melodywith eachdatabasenelody After the matchingprocess,
oursenerreturnsalist of musictitlesthathave similarmelody-parto theusers
inputmelody

Themainfunctionof ausersideclient,ontheotherhandiis to recordusers
sungmelody A usercansinganarbitrarypartof a desiredmelodyby using
ary key or ary tempo. The acoustic-signabf recordedvoice is convertedto
smallmelodydataandit is transmittedo a sener systemasasearciclue. The
clientfinally recevesthe musiclist from the sener systemandshawsit to the
userasamatchingresult.
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1.2. Necessity of Server Scalability

The mostimportantpoint in building a melody-retri@al systemis to keep
both quick searchandhigh matchingaccurag againstalarge databaselt had
beenpointedoutthatespecialljthesearchimeis quitedifficult to beshortened
whenwe indtendto increaseéhe numberof databasenelodies[12, 4, 5].

To solwe this problem we have proposedan indexing methodbasedon
dynamic-programmingnd developeda melody-retrigal systemwith a large
databasevhich couldquickly finish retrieval process|[7].

Thoughthe methodquite effective for reducingthe searchtime, therewasa
little lost of matchingaccurag.

Whenweintendedo keepsearchimewithin asecondandlimited thesizeof
index dataupto thefix size,oursystemost5% accurag againstLl0,000pieces
of musicandthelostof accurag increasedlongwith thesizeof database.

It wasthereforenecessaryo developamethodwhichkeptbothquicksearch
andhigh matchingaccurag.

To solwe this proble,we proposea scalablesener systemby usingparallel-
ized computersand achiere both quick searchand high matchingaccurag
againstary sizeof database.

2. A Method of Paralléel-ized Servers

This sectiondescribesa methodof parallel-izedsenersandeachfunction
of thesener.

2.1. A Method of Scalable Server Structure

To parallel-izeseveralmelody-retrigal seners,we proposea methodwhich
utilizesfollowing two typesof data-relayseners;(A)a CGl-senerwhichrelay
ausersquerydatato oneof connectablsenersand(B)aretrieval managemant
senerwhichrelayauer’s querydatato all of connectableseners.

By usingthis method the sener systemcanconsistof variouscombination
of senersandcanhave scalabilityasfollows.

1 Fig.2-(1)shavstheminimumstructurenvhich consistf only amelody-
retrieval sener(C). The structureis for a systemwith a small database
andwith few simultaneousiseraccesses.

2 Fig.2-(2)shavsastructurevhichconsistof aCGl-sener(A) andsereral
melody-retrigal seners(C).The structureis for a systemwith a small
databasandwith alot of simultaneousiseraccesses.

3 Fig.2-(3) shavs a structurewhich consistsof a retrieval management
sener(B) andseveral melody-retrigal seners(C).Thestructureis for a
systemwith alarge databas@andwith few simultaneousiseraccesses.
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4 Fig.1 shavs the maximum structurewhich consistsof all of seners
(A),(B) and(C). Thesstructureis for a systemwith alarge databasend
with alot of simultaneousiseraccesses.

2.2. Function of Each Server

We describehefunctionof eachsenerin thefollowing paragraphs.

(A) CGl-server. ThecurrentCGl-seneris implementedy CGI(Common
Gatavay Interface) programfor a WWW sener. Whena CGl-sener accepts
ausers query it sendghe queryto aretrieval managemergeners(B)or to a

melody-retrigal sener(C)andrelaythe sener's messagéo theclient.

(B) Retrieval Management Server.  Eachretrieval managemergener has
thelist of melody-retrigal senersto manage After receving ausers query it

distributesthe queryto listedmelody-retrigal senerslike broadcastingThen
the retrieval managemensener recevesranked musiclists asthe matching
resultsfrom eachmelody-retrigal senerandit sortsall of themin orderby the
similarity to the users input melody The sortedmusiclist is returnedto the
userclient.

(C) Melody-Retrieval Server. Eachmelody-retrigal sener hasadatabase
consistingof SMF. After recevingtheusersquery thesenerexecutesamatch-

ing processlit compareshemelodysequencesf users querywith sequences
for eachdatabasenelodyby usingDP matchingandtitles of thecorresponding
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melodiesarethenrankedbasednthedistancecalculatedy thematchingpro-
cess.Finally, the sener transmitsthelist of theranked songtitles to theclient
asamatchingresult. Ourcurrentsystemutilizesamatchingmethodwhichwas
proposedn the previous paper[3].

3. User-side Client

Theusersideclientplaysarole of recordingthe users voice andtransmitit
to thesenerside. In this processye useour proposednethodin the previous
paper[3].

In usingour system.at first, a userinputsa melodyinto a microphoneby
singing. The client allows the userto input from an ary part of a piece of
musicandto useary key ortempo. Theclientprogramassumethateachinput
note begins with a voicelessconsonanandendswith a vowel (e.g. ta-ta-ta/
cha-cha-chagndthatinput soundis only users voice. This input methodhas
an adwantagethat the client systemclearly detectseachnotewhile it is nota
heary taskfor auser

Our clientthenextractssequencesf pitch andspanof notesfrom the sung
melodyand corvertstheminto relative-value sequencesf pitch and spanof
notes. Thoserelative-value sequencesare transmittedto a melody-retrigal
sener systemasa searciclue.

After searctprocessn thesenersystempurclientsystenrecevesamusic-
list asa searchresultfrom the sener systemandshaws it to theuser

We developeda client userinterfaceshavn in Fig. 3. It hasthreebuttons,
record,stopandsearchandatext box to input a melodyandtext query The
interfacealsohasanareafor graphicalfeedbackof users sungmelody
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Figure3. ClientInterface.



6

4, Experimentsand Results

We evaluatethe proposednethodandverify its effectivenessn this section.

To testour melody-retrigal sener, weranit on severalPCsandeachof PC
has850-MHz I'ntel Pentium™ ™ I'TT processornd256 MB of RAM.

We useda databaseontaining21,500melodiesconsistingof 20,000pieces
of randomlygeneratednusicand1,500piecesof musicfrom popularsongs.

We used1,200input queriesfrom 3 people(2 menand 1 woman). Each
recodingtime of voicewaslimited within 15 secondsTheaveragenumberof
notesof input melodieswas28.0.

Weevaluatedursystenin 3ways;(1) throughpuof thesystem(2)database
scalability and(3) the entireperformance.

4.1. Evaluation for Throughput of the System

Toevaluateherelationip betwean throughput of thesystemandthenumkber
of melody-retrigal seners,we measurethenumberof userqueriesvhichcan
be processe@ secondoy increasinghe numberof PCsfrom 1 to 5. We used
6 PCsfor 1 CGl-sener and5 melody-retrigal senersandbuilt the network
samewith beingshavn in Fig.2-(2). In this experiment,eachsener hadthe
samedatabasef 21,500melodiesandtheresultof this testis shavn in Fig.4.

The throughput of the system
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Figure4. Therelationshigoetweerthethroughpuaind thenumbe of melody-retrieval servers.

We confirmedthatthe systemhroughpuimprovesaccordingo thenumber
of melody-retrigal seners.
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4.2. Evaluation for the Database Scalability

To evaluatethe databasacalability we measuredhe relationshipbetween
the databassizeandthe searchtime. We usedl retrieval managemengener
and5melody-retrigal seversfor thisexpeimert. Eachmelody-retrigal server
had a differentdatabasevhich contained4,300 melodies. We increasedhe
numberof melody-retrigal senersfrom 1to 5 andincreasedhedatabassize
accordingto the numberof senersfrom 4,300to 21,500. We built the sener
network samewith beingshawn in Fig.2-(3) andtestedthe systemby usinga
guerywhichnotelengthwas28. Tablel shavsthesearchimefor eachnumber
of melody-retrigal seners. Eachsearchtime is the averageof 5-time-search.

This resultshaws thatour systemcould keepthe searchtime within the fix
time by usingaretrieval managemergener andparallel-izednelody-retrigal
seners.

Tablel. Databasé&calability

parallel-izedseners databassize thesearchime(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 evaluatecbverallperformancef oursystenmagainsl1,500pieces
of databaséy measuringnatchingaccurag andsearchime. We usedé PCs
for 1 retrieval managemensener and5 melody-retrigal seners,which was
the samewith previous evaluation. The matchingaccurag for 1,200queries
wascalculatedby countingthe casethatusers intendedmusicis rankedin the
top of amusiclist of thesearclresult.

Table2 shavs theresultandwe confirmedthatour systemcould keepboth
high matchingaccurag andquick searchagainstalarge musicdatabase.

5. Conclusion

We have proposedan effective methodfor a WWW-basedmelody-retrigal
systemon parallel-izedcomputers. The methodenablesa melody-retrigal
systentokeephighmatchngacairacy andquick seachaganstalargedatebase
andwe achievedto build a systemwhich matchingaccurag was70% andits



Table2. SystemPerformance

thedatabasenelodies 21,500
matchingaccurag 70.2%
averageof thesearchime 5.48sec
parallel-izedmelody-retrigal seners 5
the numberof queriesfor testing 1,200
theaveragdengthof queries 28.0

searchtime was 5.5 secondsagainsta databasevhich containedmore than
20,000piecesof musicwhenwe used5 parallel-izedPCs.

As the future work, we planto extendour systemsothatnot only SMF but
actualmusiccanbesearched[6].

We arealsoplaningto applyour systemfor usingover phonessothatusers
canusethesystematary time.
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