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Abstract This paperdescribeshe designmethodof a WWW-basednelody-retrigal sys-
tem which takes a sungmelody as a searchclue and retrieves the music title
from amusicdatabasef standardIDI files(SMF)overtheInternet. Themost
importantthingin building amelody-retri@al systenmonthelnternetis to achieve
bothhighmatchingaccurag andquick search.t was,however, quitedifficult to
simultaneouslyulfill thesetwo conditionssinceit took longtime for thematch-
ing process.We proposethe designof a systemwhich consistsof parallel-ized
melody-retrigal senersfor building a high performanceserviceonthelnternet.

| ntroduction

In building a melodyretrieval serviceon the Internet,it is quite effective to
take a users sungmelodyasa searchyueryfor retrieving amusicdatabase.

A dp-matchingmethodis oneof effective methodsfor comparingmelody
sequenceandprevioussystem1, 2, 3,4, 5, 8] usedt in thematchingprocess.

It was, however, quite difficult to reducethe searchtime by usingthe dp-
matchingandprevioussystems[12, 7] proposedsereralindexing methoddor
melodysequenceslt was,on the otherhand,difficult to keephigh matching
accurayg in usingsuchindexing methods.

We thereforeproposeda scalablemelody-retrieal systemwhich is imple-
mentedon parallel-izedcomputersand simultaneouslyulfill two conditions,
high matchingaccurag andquick search[9]. The methodwasquite effective
andit shovedthattheretrieval time of the systemwas1.2 second®n average
andits matchingaccurag was70%for 1,200inputsagainsta databasevhich
containednorethan26,000melodies.

Sincewe had not definedthe way to build sucha parallel-izedmelody-
retrieval systemsyve proposeanddefinethe designmethodin this paper
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Figurel. A melody-retrigal systemon parallel-izedcomputers.
1. Melody-Retrieval System

This sectiondescribeghe overvien of amelody-retrigal system.

1.1 Overview of The Entire System

We proposeadesignof a melody-retri@al systermwhich consistsof several
senersandclientasshavn in Fig.1.

The sener systemhas at leastone melody-retri@al sener with a music
database(Candit canbe parallel-izedby several seners(A,B) andit relays
guerydataandtheseartiresult dabbeweensewers Thisdata-relayingnabés
the systemto extendary scaleof sener network.

In Fig.1,eachmelody-retrigal sener treatsamatchingprocessvhichcom-
paresa users input melodywith eachdatabasenelody It canalsotreata text
matchingby usingmusictitles or artisthames.The sener systenreturnsallist
of musictitles for the matchingresult.

The client systemon the otherhand,recordsa users sungmelodyandthe
acoustic-signabf recordedvoice is corvertedto small melody dataandit is
transmittedto a sener systemasa searchclue. The client recevesthe music
list from the sener systemandshaws it to the userasa matchingresult.

1.2. Scalable Design of Melody-Retrieval Servers

To achieve both high matchingaccurag andquick searchwe proposeto
parallel-izemelody-retieval sewersby usingtwotypesof datarelayservergA)a
CGl-senerwhichrelayausers querydatato oneof seners. Thistypeof sener
canplayarole of theload-balancindgunctionandit is quiteeffective to achiere
quicksearclagainstlot of useraccesseand(B)aretrieval managemergener
whichrelayausers querydatato all of connectablseners. Thistypeof sener
enablegwo or moremelody-retrigal senersto be parallel-izedandto usethe
dp-matchingwithout index datafor accuratematchingsinceeachsener does
not needto have alarge database.
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(1) a system structure with a small database
and with few user accesses.
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(2) a system structure with a small database
and with a lot of user accesses.
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(3) a system structure with a large database
and with few user accesses.
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Figure2. ScalableSener System.
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Fig.2shavsimagesof sener structures Fig.2-(1)is theminimumstructure
andweusedhisfor our previoussystan[3, 7] for small services, Fig.2-(2)is for
the servicewith a smalldatabas@ndwith alot of simultaneousiseraccesses,
Fig.2-(3)is for the servicewith alarge databasandwith afew simultaneous
useraccessesand Fig.1 is the maximumimagefor the servicewith a large
databas@ndwith alot of simultaneousiseraccesses.

2. Server System Design

This sectiondescribeslesignsof eachsener.

2.1 CGI Server

This sectiondescribes logic designof a CGl-sener. Themainproces®f a
CGl-senreristorelaybothaquerydataanda searchresultbetweera userand
asener(B)orasener(C).A CGl-senerhasasenerlist L1ST; whichconsists
of N pairsof ahostname(addressy O.S'T" anda portnumberPORT'.

LIST, = {si|i=0,1,...,N — 1}
where s; = pair(HOST;, PORT;).

When a CGl-sener acceptsa users query messagel M, it randomly se-
lects s; from L1ST; andsendsQM to a sener SEV ER; representedy
s; (SERV ER; is one of retrieval managemenseners or melody-retrigal
seners). After receving a searchresultmessageR M from SERV ER;, the
CGl-senerjustrelayit to theuser

Whena CGl-sener cannot connectwith s;, it triesto connectwith other
si(i # i) in LIST;. Whentherearenosenersto connectith, theCGl-sener
returnsanerrormessagés RROR to theuser Thefunctionof a SERV ER;
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is assumedo be F; andit canbedefinedby using RM andQ M.
RM = Fs,(QM)
Thereturn-messagef a CGl-sener F ; for QM is definedasfollows.

. _ [ Fs,(QM), s, € LIST:.
Fegi(QM) = { ERROR : when no SERV ER,, response.

This shawvs thatour CGl-sener justrelaya users queryto oneof SERV ER;
andrelaythesearchresultof SERV E R, totheuser It is quiteeffective for the
Internetservicessincethe CGl-sener playsa role of a load-balancingener.
More over, it hidesa hostaddressesf senersandpreventsuserson anetwork
with maliceattackingseners.

2.2. Retrieval-M anagement Server

This sectiondescribesa logic designof a retrieval-managemergener. A
retrieval managemergenerhasalist of melody-retrigal seners L1575 which
containsM pairsof a hosthame(addressy O.ST anda port numberPORT'.
LISTs is expressedasfollows like LIST].

LISTQ :{mrj |j:0,1,...,M—1}
where mr; = pair(HOST;, PORTj).

Theretrieval managemergeneracceptsiserssearctguery@Q M andtransmits
it to all thesenerslistedin L1ST;. Eachmelody-retrigal sener M R;, which

is representetby mr;, returnsa musiclist mL1ST; asthe searclhresult. The

functionof amelody-retrieal sener F,,.; canbeexpressedsfollows.

mLIST; = Fpy, (QM)

Eachm LIST; containsK; piecesof musicinformationmusic(j) whichcon-
sistsof a matchingdistanceD andthetext informationd7T EXT'.

mLIST; = {music(j), | k=0,1,...,K; — 1}
where music(j) = pair(D(j)g, dTEXT(j)i).

D(j) is a dp-matchingdistancebetweenmusic(j), and QM. A melody
similar to users input melodyhasa smallervalueof D(j)y . dTEXT(j)i is
thetext informationsuchasmusictitle, artistname or its genre.

When M’ is the numberof the sumtotals of senerswhich responsethe
retrievalmanagemersenvercombinesall musc listswith oneandthe combined
musiclist mLIST,; is expressedsfollows.

mLIST,; = mLISTy UmLISTyU...UmLISTy_q

Theretrieval managemergenerthensortsall music(j), inmLI1ST,; in order
with asmallervalueof D(j); andreturnsthesortedmusiclist astheresponse
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messagéor QM. Thesortedmusiclist mLISTsy.cq 1S expressedsfollows.

mLISTsorteq = {musicy, |h=0,1,..., Ksortea — 1},

M'—1
where Kgorted = Z K;,
=0
music, = pair(Dp,dTEXTy) € mLISTy,y;,
Dy < Dpys.

Whennomelody-retrigal senersresponsethemelodyretrieval senerreturns
anerrormessagé’RROR.

Thereturnmessagef aretrieval managemergener F,.,,; for queryQ M is
thereforedefinedasfollows.

[ mLISTsrteq when M’ >0
Frms(QM) - { ERROR : when M' = 0.

As having mentionedabove, a retrieval managemensener manageswo or
more melody-retrigal seners. It is effective for the quick searchand the
databasescalability

2.3. Melody-Retrieval Server

Thissectiondescribeslogic designof amelody-retrigal sener. Asdefined
in the previous section,a melody-retrigal sener returnsa musiclist mLIST
for ausersqueryQ»M.

MLIST = Fipys(QM)

A musicdatabaseD B consistsof piecesof music datawhich containsa
pair of text informationdT’ E XT" andmelodydatadM FL.ODY . DB canbe
expressedy usingits size K asfollows.

DB = {datay | k=0,1,...,K — 1}
where datay, = pair(dTEXTy,dM ELODY},).

ThedT EXT consistsof suchasmusictitle, artistnameor its genreandthe
dM ELODY consistof sequencesf relative-pitchandrelative-sparnvalueof
noteswhich arecalculatedoy usingSMF. Theinformationis comparedvith a
users query@M in amatchingprocess.

QM canconsisbfbothof atext datagT £ X T andamelodydatagM ELODY .
It canalsoconsistof only agT EXT orof onlyagM ELODY . It canbeex-
presseasfollows (NU L L expressesodataof ¢T'EXT orof gM ELODY).

pair(NULL,qM ELODY)

pair(qTEXT,qM ELODY')
QM =
pair(¢qTEXT,NULL)
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In the matchingprocesshe ¢T'EX T is assumedhatit is a partof dT'EX Ty,
andmusiccandidate®f the searchresultareselecteddy usinggT EXT. We
expressa setof the candidates’ AN D asfollows.

{datay, € DB} : where T EXT(e dITEXT})# NULL

C’AND—{ DB : where qTEXT = NULL

Afterthistext matchingoroces,themelody-retrieval servecomparesqgM ELODY
with eachd M E LO DY, by usingdp-matching.Dp-matchingcalculatesach
distanceD,, betweemyM ELODY anddM ELODYy[3].

Dy, = DpMatching(¢M ELODY,dM ELODYy,).
where 0 < k < K, data, € CAND.

mLIST isfinally definedasfollows.

mLIST = {music; |0 < k < K, data, € CAND}
where musicy = pair(Dy, dTEXTy), Dy < Dyyq

As having mentionedabove, themusicy, in them L1ST is sortedin orderwith
asmallervalueof D;..

3. User-Side Client
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Figure3. PitchandSpanValueEstimationfor EachNote.
Thissectiondescribesunctionsof theusersideclientsystem.Eachprocess
of theclient systemis shawvn in thefollowing paragraphs.

Recording Voice.  In usingour systematfirst, auserinputsamelodyinto a
microphoneby singing. Theclientallows theuserto inputfrom anary partof
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apieceof musicandto useary key or tempo. The systemassumegachinput
note begins with a voicelessconsonantand endswith a vowel (e.g. ta, cha)
[3] andthatinput soundis only users voice. In A/D conversion,our system
obtainsa users voice as8 bits, monophoniaecordingdataof which sampling
rateis 8,000Hz (Fig.3-1.).

Span-value Estimation for Each Note.  To estimatea span-alue of each
note of a input melody the systemutilizes thresholdsfor the amplitudeof
sampledvoice anddetectsstarttime of eachnote. The spanis definedasthe
time-lengthbetweerstarttimesof the currentandthe next notes. The spanof
thelastnoteis definedasits duration(Fig.3-2.).

Pitch Detection for Each Frame . Our systemthen utilizes 512-points
hammingwindow and FFT (FastFourier Transforms)or estimatinga pitch-
valueof eachframe(16msec).In this processharmonicof frequeng domain
is usedto detectthe pitch value.(Fig.3-3.)

Pitch-value Estimation for Each Note.  The client systemthentakesthe
highestpitch-value of framesappearedn a notespanasthe pitch-value of the
note.(Fig.3-4.)

Conversion of Relative-valueSequences.  Toallow ausertochoosdreekey
or freetempo,eachvalueof pitchandspararecorvertedto relatve-values.The
relative-pitchis pitch differencebetweertheadjacennotesn whichasemitone
differencds normalizedo thevalueof 100. Therelative-sparvalueis theratio
of the spanvalueto its previousvalueandis representetly percentage.

Search Query Transmission. A usercanalsoinputnot only meody databut
atext query apartof artistnameor of amusictitle. Themaximumtransmission
datasizeof thequeryis 1500byteswhena userinputs128notes.

Search Result.  Thesearchresultis alist of musicwhich hasa similar part
toausersinputmelody As eachmusicinformation,our currentsystenshavs
a pair of musictitle andartisthamein a WWW-browvset

4, Experimentsand Results

To evaluatethe proposednethodwe hadexperimentsn the previous paper
[9] andit shavedthe effectivenesof our method.

Tablel shavs the performancef our currentsystemandwe confirmedthat
our systencouldkeepbothhigh matchingaccurag andquick searchagainsta
large musicdatabase.

We used6 PCs(CPUIntel Pentium®™ 11 866-MHz, RAM:512MB) for
1 retrieval managemengener and5 melody-retrieal seners(e.g. Fig.2-(3)).
Our databaseontained26,735melodies,consistingof 25,000piecesof ran-
domlygeneratednusicandl,735piecef musicfrom Japanespopularsongs.
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We usedl,200inputquerieswith only melodyinformationfrom 3 people.The
averagenumberof notesof inputmelodiesvas28.0whenwe limited recording
timewithin 15secondsThematchingaccurag wascalculatedy countingthe
casethatusersintendedmusicis rankedin thetop of amusiclist of theresult.

Tablel. SystemPerformance

thenumberof databasenelodies 26,735
thenumberof notesin thedatabase 8,919,716
matchingaccuray 70.0%
theaveragesearchime (with only melodyquery) 1.22secs
parallel-izedmelody-retrigal seners 5
thenumberof queriesfor testing 1,200

The averagesearchtime of 1200inputs, which containsboth melody and
text information,was0.04secondsandmatchingaccurag was84.8%.

5. Conclusion

We have proposedhe designmethodfor a WWW-basedmelody-retrigal
systemon parallel-izedcomputers. The methodenablesa melody-retrigal
systemto be parallel-izedand to achieze both high matchingaccurag and
quick search As thefuturework, we planto designa systemwhich cansearch
notonly SMF but actualmusic[6,8].

References

[1] T.Kageyama,K.Mochizuki, andY.Takashima MelodyRetrieval with Humming ICMC
Proc.,pp.349-3511993.

[2] Asif GhiasandJonathaihogan QueryBy Humming— MusicalinformationRetrievalin
an Audio Database ACM Multimedia95, ElectronicProc.,1995.

[8] TomonariSonoda MasatakaGoto, Yoichi Muraoka: A WWWbasedMelody Retrieval
System pp.349-pp.352CMC’'98 Proc.,1998.

[4] Lloyd A. Smith,RodgerJ. McNab,andlanH. Witten: Sequence-BasédelodicComari-
son: A Dynamic-PogrammingApproad, pp.101-pp.116COMPUTING IN MUSICI-
OLOGY 11,1997-98.

[5] David Bainbridge: MELDEX: A Web-basedMelodic Locator Service  pp.223-
pp.229,COMPUTINGIN MUSICIOLOGY 11,1997-98.

[6] MasatakaGoto,andSatoruHayamizu: A Real-timeMusic SceneDescriptionSystem:
DetectingMelody and BassLinesin Audio Signals Working Notesof the IJCAI-99
Workshopon ComputationaAuditory SceneAnalysis,pp.31-40 August1999.

[7] TomonariSonodaand Yoichi Muraoka: A WWWhbasedMelody Retrieval System-An
Indexing Methodfor a Large Database; ICMC2000Proc.,2000.

[8] T.Nishimura,H.HashiguchiJ.Takita,J.Xin Zhang,M. GotoandR.Oka,: MusicSignal
SpottingRetrieval byaHummingQueryUsingStartFrameFeatue DependenContinuous
Dynamic Programming Proceeding®of the 2nd Annual InternationalSymposiumon
Music InformationRetrieval (ISMIR 2001), pp.211-218,2001.

[9] Tomonari Sonoda,Toshiya lkenaga,Kana Shimizu and Yoichi Muraoka: A Melody-
Retrieval Systenon Parallel-izedComputes, Proc.of IWEC2002,pp.261-2682002.



