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Abstract This paperdescribesthedesignmethodof a WWW-basedmelody-retrieval sys-
tem which takes a sungmelodyasa searchclue and retrieves the music title
from amusicdatabaseof standardMIDI files(SMF)over theInternet.Themost
importantthingin buildingamelody-retrieval systemontheInternetis toachieve
bothhighmatchingaccuracy andquicksearch.It was,however, quitedifficult to
simultaneouslyfulfill thesetwo conditionssinceit took longtimefor thematch-
ing process.We proposethedesignof a systemwhich consistsof parallel-ized
melody-retrieval serversfor building ahighperformanceserviceontheInternet.

Introduction

In building a melodyretrieval serviceon theInternet,it is quiteeffective to
take auser’s sungmelodyasasearchqueryfor retrieving amusicdatabase.

A dp-matchingmethodis oneof effective methodsfor comparingmelody
sequencesandprevioussystem[1, 2,3,4,5,8] usedit in thematchingprocess.

It was,however, quite difficult to reducethe searchtime by usingthe dp-
matchingandprevioussystems[1,2, 7] proposedseveralindexing methodsfor
melodysequences.It was,on theotherhand,difficult to keephigh matching
accuracy in usingsuchindexing methods.

We thereforeproposeda scalablemelody-retrieval systemwhich is imple-
mentedon parallel-izedcomputersandsimultaneouslyfulfill two conditions,
high matchingaccuracy andquick search[9].Themethodwasquiteeffective
andit showedthattheretrieval time of thesystemwas1.2secondson average
andits matchingaccuracy was70%for 1,200inputsagainsta databasewhich
containedmorethan26,000melodies.

Sincewe had not definedthe way to build sucha parallel-izedmelody-
retrieval systems,we proposeanddefinethedesignmethodin thispaper.
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Figure 1. A melody-retrieval systemonparallel-izedcomputers.

1. Melody-Retrieval System

Thissectiondescribestheoverview of a melody-retrieval system.

1.1. Overview of The Entire System

Weproposeadesignof amelody-retrieval systemwhichconsistsof several
serversandclientasshown in Fig.1.

The server systemhasat leastone melody-retrieval server with a music
database(C)and it canbe parallel-izedby several servers(A,B) and it relays
querydataandthesearchresult databetweenservers. Thisdata-relayingenables
thesystemto extendany scaleof server network.

In Fig.1,eachmelody-retrieval server treatsamatchingprocesswhichcom-
paresa user’s input melodywith eachdatabasemelody. It canalsotreata text
matchingby usingmusictitlesor artistnames.Theserversystemreturnsa list
of musictitles for thematchingresult.

Theclient system,on theotherhand,recordsa user’s sungmelodyandthe
acoustic-signalof recordedvoice is convertedto small melodydataandit is
transmittedto a server systemasa searchclue. Theclient receivesthemusic
list from theserver systemandshows it to theuserasamatchingresult.

1.2. Scalable Design of Melody-Retrieval Servers

To achieve both high matchingaccuracy andquick search,we proposeto
parallel-izemelody-retrievalserversbyusingtwotypesofdata-relayservers;(A)a
CGI-serverwhichrelayauser’squerydatatooneof servers.Thistypeof server
canplayaroleof theload-balancingfunctionandit is quiteeffective to achieve
quicksearchagainstalot of useraccessesand(B)aretrieval managementserver
whichrelayauser’squerydatato all of connectableservers.Thistypeof server
enablestwo or moremelody-retrieval serversto beparallel-izedandto usethe
dp-matchingwithout index datafor accuratematchingsinceeachserver does
notneedto have a largedatabase.
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Figure 2. ScalableServer System.

Fig.2shows imagesof serverstructures.Fig.2-(1)is theminimumstructure
andweusedthisfor our previoussystem[3,7] for smallservices,Fig.2-(2)is for
theservicewith asmalldatabaseandwith a lot of simultaneoususeraccesses,
Fig.2-(3)is for theservicewith a largedatabaseandwith a few simultaneous
useraccesses,andFig.1 is the maximumimagefor the servicewith a large
databaseandwith a lot of simultaneoususeraccesses.

2. Server System Design

This sectiondescribesdesignsof eachserver.

2.1. CGI Server

Thissectiondescribesalogic designof aCGI-server. Themainprocessof a
CGI-server is to relaybothaquerydataandasearchresultbetweenauserand
aserver(B)oraserver(C).A CGI-serverhasaserver list �������
	 whichconsists
of � pairsof ahostname(address)��
���� andaport number��
���� .

�������
	����������! ���"�#%$�#%&%&%&'#%�)(*$,+-/.10!230 �4�5�76189 23: �;
������<#%��
������>=!&
When a CGI-server acceptsa user’s query message?�@ , it randomly se-
lects ��� from �������A	 and sends?�@ to a server ��B�CDB��E� representedby
�4� ( �AB��FC/B��E� is one of retrieval managementservers or melody-retrieval
servers). After receiving a searchresultmessage�F@ from �AB��FC/B�� � , the
CGI-server just relayit to theuser.

Whena CGI-server cannot connectwith ��� , it tries to connectwith other
�4� :  HG�I J �= in �������
	 . Whentherearenoserverstoconnectwith, theCGI-server
returnsanerrormessageB��F�F
�� to theuser. Thefunctionof a �AB��FCDB��E�
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is assumedto be K1L4M andit canbedefinedby using �F@ and ?�@ .

�F@N��K LOM : ?�@P=
Thereturn-messageof aCGI-server KRQJST� for ?�@ is definedasfollows.

K QJST� : ?�@P=A� K LOU : ?�@P=!#V��WYXV������� 	 &
B��F�F
��[Z -/.10!\]\�^ �AB��FC�B�� W 2_0 �T6 ^O\ � 0 &

Thisshows thatourCGI-server just relayauser’s queryto oneof �AB��FCDB��E�
andrelaythesearchresultof �AB��FC/B��E� to theuser. It is quiteeffectivefor the
InternetservicessincetheCGI-server playsa role of a load-balancingserver.
Moreover, it hidesahostaddressesof serversandpreventsusersonanetwork
with maliceattackingservers.

2.2. Retrieval-Management Server

This sectiondescribesa logic designof a retrieval-managementserver. A
retrieval managementserverhasalist of melody-retrieval servers ��������` which
contains@ pairsof a hostname(address)��
���� anda port number��
���� .
������� ` is expressedasfollows like ������� 	 .

��������`�����a 2cb �!de��"�#%$�#%&%&%&9#%@f(*$,+-D.g0T2_0 a 2cb �76189 23: �;
���� b #%��
���� b =!&
Theretrieval managementserveracceptsuser’ssearchquery?�@ andtransmits
it to all theserverslistedin ��������` . Eachmelody-retrieval server @h� b , which
is representedby a 2cb , returnsa musiclist ai������� b asthesearchresult. The
functionof amelody-retrieval server K1j�k>l canbeexpressedasfollows.

ai������� b �mK1j�k>l : ?�@h=
Eachai������� b containsn b piecesof musicinformationapoq�O 4r : ds= whichcon-
sistsof amatchingdistancet andthetext information u%��Bwvx� .

ai������� b �m��apoq�O 4r : ds=zy{�9|}��"�#%$�#%&%&%&'#%n b (*$�+-/.g0T230 apo5�T �r : d~=zye��6R8� 23: t : ds=zy~#%u%�/B�vx� : ds=zy_=!&
t : d~=zy is a dp-matchingdistancebetweenapo5�T 4r : d~=zy and ?�@ . A melody
similar to user’s input melodyhasa smallervalueof t : ds=zy . u���B�v;� : ds=zy is
thetext informationsuchasmusictitle, artistname,or its genre.

When @�� is the numberof the sumtotalsof serverswhich response,the
retrievalmanagementservercombinesall music listswith oneandthecombined
musiclist ai���������O��� is expressedasfollows.

ai���������4������ai�������R�w�Dai�������A	q��&%&%&,�Dai���������}��� 	
Theretrievalmanagementserverthensortsall apo5�T �r : d~=zy in ai���������O��� in order
with asmallervalueof t : ds=zy andreturnsthesortedmusiclist astheresponse
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messagefor ?�@ . Thesortedmusiclist ai������� L��>k>���<� is expressedasfollows.

ai������� L<�<k>���<� � ��apo5�T 4r>�p� . ��"�#%$�#%&%&%&'#%n L<�>k<���<� (*$�+�#
-D.g0T2_0 n L<�<k>���<� �

� � � 	
b�� � n

b #
apoq�O 4r>� � 6189 23: tF�_#%u%�/B�vx���g=
Xpai���������4���J#

tF�}�mtF��� 	 &
Whennomelody-retrieval serversresponse,themelodyretrieval server returns
anerrormessageB��F�F
�� .

Thereturnmessageof aretrieval managementserver K1k>j�L for query ?�@ is
thereforedefinedasfollows.

K1k>j�L : ?�@P=A� ai������� L��>k>����� -D.g0T\ @ ��� "
B��F�F
���Z -D.g0T\ @�����"�&

As having mentionedabove, a retrieval managementserver managestwo or
more melody-retrieval servers. It is effective for the quick searchand the
databasescalability.

2.3. Melody-Retrieval Server

Thissectiondescribesalogicdesignof amelody-retrieval server. Asdefined
in theprevioussection,a melody-retrieval server returnsa musiclist ai�������
for a user’s query ?�@ .

ai�������h��KRj�k>L : ?�@h=
A musicdatabaset{� consistsof piecesof musicdatawhich containsa

pair of text information u���B�v;� andmelodydata u�@PB���
�t�� . t{� canbe
expressedby usingits size n asfollows.

t�� ����u�8�¡%8'y���|e�m"�#%$�#%&%&%&c#%n¢(*$,+-D.g0T2_0 u�8�¡%8cy/�£6189 23: u%��Bwvx��y�#%u�@hB���
�t{�sy�=!&
The u���B�v;� consistsof suchasmusictitle, artist nameor its genreandthe
u�@PB���
�t�� consistsof sequencesof relative-pitchandrelative-spanvalueof
noteswhicharecalculatedby usingSMF. Theinformationis comparedwith a
user’s query ?�@ in a matchingprocess.
?�@ canconsistofbothofatext data¤4��B�v;� andamelodydata¤¥@PB���
�t�� .

It canalsoconsistof only a ¤O�/B�vx� or of only a ¤¥@PB���
�t�� . It canbeex-
pressedasfollows( ��¦���� expressesnodataof ¤4��Bwvx� or of ¤¥@hB���
�t�� ).

?�@N�
6189 23: ¤4��B�v;�§#%¤¥@hB���
�t{�/=
6189 23: �;¦�����#%¤'@PB���
�t{��=
6189 23: ¤4��B�v;�§#%�;¦�����=
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In thematchingprocessthe ¤4��B�v;� is assumedthat it is a partof u%��Bwvx��y
andmusiccandidatesof thesearchresultareselectedby using ¤4��B�v;� . We
expressasetof thecandidates̈�©§��t asfollows.

¨�©ª�;t)� ��u�89¡«8'yDXVt��D+ Z -D.g0T2_0 ¤O�/B�vx� : XVu%��Bwvx��y~=¬G���;¦����
t�� Z -D.g0T2_0 ¤O�/B�vx�P���;¦����

After thistextmatchingprocess,themelody-retrievalservercompares ¤¥@PB���
�t{�
with eachu�@hB���
�t{�sy by usingdp-matching.Dp-matchingcalculateseach
distancetFy between¤¥@hB���
�t�� and u�@PB���
�t{��y [3].

tFy��mt�61@P89¡«r .  \�­1: ¤¥@hB���
�t{�q#%u�@PB���
�t��sy~=!&-/.g0T230 "F�m|}®�n{#Vu�89¡«8'y/XV¨�©ª�;t{&
ai������� is finally definedasfollows.

ai�������m�m��apoq�O 4r>y���"���|e®�n{#iu�89¡%8cy/XV¨�©ª��t�+-/.g0T230 apoq�O 4r>y/��6189 23: tFys#%u%��Bwvx��ys=!#¯tFy��mtFy¥� 	
As having mentionedabove,the apoq�O 4r>y in the ai������� is sortedin orderwith
asmallervalueof tFy .
3. User-Side Client

Figure 3. PitchandSpanValueEstimationfor EachNote.

Thissectiondescribesfunctionsof theuser-sideclientsystem.Eachprocess
of theclient systemis shown in thefollowing paragraphs.

Recording Voice. In usingoursystem,atfirst, auserinputsamelodyinto a
microphoneby singing.Theclientallows theuserto input from anany partof
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apieceof musicandto useany key or tempo.Thesystemassumeseachinput
notebegins with a voicelessconsonantandendswith a vowel (e.g. ta, cha)
[3] andthat input soundis only user’s voice. In A/D conversion,our system
obtainsauser’s voiceas8 bits,monophonicrecordingdataof whichsampling
rateis 8,000Hz (Fig.3-1.).

Span-value Estimation for Each Note. To estimatea span-valueof each
note of a input melody, the systemutilizes thresholdsfor the amplitudeof
sampledvoiceanddetectsstarttime of eachnote. Thespanis definedasthe
time-lengthbetweenstarttimesof thecurrentandthenext notes.Thespanof
thelastnoteis definedasits duration(Fig.3-2.).

Pitch Detection for Each Frame . Our systemthen utilizes 512-points
hammingwindow andFFT (FastFourierTransforms)for estimatinga pitch-
valueof eachframe(16msec).In thisprocess,harmonicsof frequency domain
is usedto detectthepitchvalue.(Fig.3-3.)

Pitch-value Estimation for Each Note. The client systemthentakesthe
highestpitch-valueof framesappearedin a notespanasthepitch-valueof the
note.(Fig.3-4.)

Conversion of Relative-value Sequences. Toallow ausertochoosefreekey
or freetempo,eachvalueof pitchandspanareconvertedto relative-values.The
relative-pitchispitchdifferencebetweentheadjacentnotesin whichasemitone
differenceis normalizedto thevalueof 100. Therelative-spanvalueis theratio
of thespanvalueto its previousvalueandis representedby percentage.

Search Query Transmission. A usercanalsoinputnot only melody databut
atext query, apartof artistnameorof amusictitle. Themaximumtransmission
datasizeof thequeryis 1500byteswhenauserinputs128notes.

Search Result. Thesearchresultis a list of musicwhich hasa similar part
to auser’s inputmelody. As eachmusicinformation,ourcurrentsystemshows
apairof musictitle andartistnamein aWWW-browser.

4. Experiments and Results

To evaluatetheproposedmethodwe hadexperimentsin thepreviouspaper
[9] andit showedtheeffectivenessof ourmethod.

Table1 shows theperformanceof ourcurrentsystemandweconfirmedthat
oursystemcouldkeepbothhighmatchingaccuracy andquicksearchagainsta
largemusicdatabase.

We used6 PCs(CPU:� \ ¡ 0c° � 0!\ ¡< Jogax± � ����� 866-MHz,RAM:512MB) for
1 retrieval managementserver and5 melody-retrieval servers(e.g. Fig.2-(3)).
Our databasecontained26,735melodies,consistingof 25,000piecesof ran-
domlygeneratedmusicand1,735piecesof musicfromJapanesepopularsongs.
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Weused1,200inputquerieswith only melodyinformationfrom 3 people.The
averagenumberof notesof inputmelodieswas28.0whenwelimited recording
timewithin 15seconds.Thematchingaccuracy wascalculatedby countingthe
casethatuser’s intendedmusicis rankedin thetopof amusiclist of theresult.

Table1. SystemPerformance

thenumberof databasemelodies 26,735
thenumberof notesin thedatabase 8,919,716
matchingaccuracy 70.0%
theaveragesearchtime (with only melodyquery) 1.22secs
parallel-izedmelody-retrieval servers 5
thenumberof queriesfor testing 1,200

The averagesearchtime of 1200inputs,which containsboth melodyand
text information,was0.04secondsandmatchingaccuracy was84.8%.

5. Conclusion

We have proposedthe designmethodfor a WWW-basedmelody-retrieval
systemon parallel-izedcomputers. The methodenablesa melody-retrieval
systemto be parallel-izedand to achieve both high matchingaccuracy and
quicksearch.As thefuturework,weplanto designasystemwhichcansearch
notonly SMF but actualmusic[6,8].
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