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ITepiAndn

Ipbopateg e€ehilelc TNV TEYVNTH YONUOGUYY €Y0UV ETULTEEPEL TNV EVOWUATWOY) EEUPETIXG XAUVOTOUWY GUG T
udtwv oe ddpopoue Topeic. Evo and ta medioa mou mapouctdlel Wbialtepn dvodo, elvar autd TG avdxTnong
povowhc Thnpogoplag. Anotéleoya, etvan 1 ooyt Bektivwon, 1660 TNE povohc Tapaywyixig Biadixactog,
660 xau TG epmelplog e axpoaons. Evo cuyxexpiévo {htnua to onolo yenlet mepetaipn e€étaong, elvor autd
NG OVIYVEUONC TNS TOVIXOTNTAS EVOS XOPUATION. LNV Tapoloo epyaoio, TEoTEVOUUE Vol GUVOAO BEBOUEVKV
yio XeHor oty avdnTuén aAyopldumy avALYVEUONS TOVXOTNTAC. ZEXVACOUE EQEUVAOVTIS SLdpopa cUVOAa Be-
BOPEVKY TIOL YENOLLOTIOLOVYTAL Yo 6X0ToUE exntaideuomg xou testing ohyoplduwy aviyveuong tovixdtnrag. IHopd
v agdovia Toug, damothooue T Tar Stodéoia dedopéva dev yapaxtneilovton and apuovixy| mowthopoppio.
Yrtouyela 6mwe ahhayéc TovixdTnToc 1) apuovixd olvieta eldn onwe 1 tCal, dev Beédnxay cuyvd o auTtolg Toug
népouc. Autd onuaivel Twe UndpyEL Eva UEYAAO PEPOC dpUOVIXNS TTANPOQORidG TO OO0 OL TEEYOUCES TEUXTIXEG
pog mdoaveds Sev Aopfdvouy u’'odLy. Xe uiot Teoonddels Vo AVTIETWT{COVUE qUTO TO TROBANUA, ATOPAGICUUE
VO OVTATIOOUUE TO TEPLEYOUEVO oWTOD TOU GUVOAOL Bedopévwy and To BiBAlo mou avtinpocwrelel xohdTepa TO
eldoc e tCal pouoixfc, to The Real-Book of Jazz, i cUAOYY omd Ta TO YOLUXTNELO TIXE XOUUATIOL TOU
ol peneptoplov. Agol egetdoope t0 Yewpentind pouoixd undBudpeo TOL TEOXVUTTEL AN AUTE Ta XOUUATLY, TO
aVOAOCOE WS TEOS TNV TovoTNTd Toug. 'Etol, dnuovpyfooue wla AMlota Tov Tporyoudldy autdy, 6Tou yid
xdde éva amd ouTd emonudvape Oheg T TovixdtnTeg amd T omoleg mepvdel, pall ye To axpBéc onuelo oto
omnolo aut6 cupPaivel. SuuneplhdBoye enlong Yo AmAY EXTENEST) TOU XOUUATION, CUUPEVA UE TLC TORTITOVPES TTOU
Beloxovton oto Real-Book. It tnv mepontépw edpaltomn TV oppovIXDY XoVOVKY ToU TEooTodoUUE Vo ovadelE-
OULUE UECK AUTO) TOU CUVOAOU BEBOUEVWY, TROYWENOUUE OTNV EXPEICT| TOUS OE HOPYPT YAWOGCUS TEQLYRAPXNS
hOYWAC, TPOXEWEVOL VO TOUC EVOWUATOOOUPE OF Uiot OVTOROY(OL Tou OyYeTI(EToL UE TNV OPUOVIXY] ovEAUOT).
It var a€lohoyfioouye To €pyo pag, dpyixd, avantOEope uior Sladixacior Lol dpUOVIXT| AvEAUGT) XOUUATILV UECK
hoywhc ue TN yefon epotnudtwy SPARQL. Ye autd to anoteréopata eidaye 6Tt 1 Tehixr} ovioloyla ftay
TEAYUATL OF OPXETEC TEQLTTMOOELS XV Vol TEpLYpAeEL ETopXDS TO oppovixd Tepeyouevo. Ta v afloldynon
Tou cuvOAou debopévwy, emAéEaue wo oelpd aryopliduwy aviyveuong tovxotnrac. ‘Emeita, ouyxplvoue tny
an6d00Y| toug €yovias we £lcodo To dxd pog oUVOlo BedoUEvwY, PE TNV amddocY| Toug €xoviac we elcodo
AATOLL SANOL EVPEWS YPENOULOTIOLOUUEVO GUVOR. 2Tol ATOTENEGHATA HTOY EAVE EPPOUVES TS OPLOUEVES OO QUTES
TG TEAXTWEG VO TEPOVY amd TNV ENReWT evdc mholaotou appovixol Ae€lhoyiou oto avtioTouyo dedouéva ye Ta
omnola exnandedovtar. Autd Hede va emBefoucdoet Tor opyInd EpWTAUNTA TOU OTOTEAECAY TO XxVpLO %(VNTEO Yiot TNV
napodoa epyacio, xo avolyel To BpOUo Yia Uid, OGO TO BUVITOV TLO TEPLEXTIXY|, TEOCEYYLOT OTY| CUYXEVTPWON

TOPWV YLl OAEC TIC EPYUOCIEC AVAXTNONG LOVCIXHC TANPOPOPALIS.

AgZeig-xhedtd —  Aviyvevon Tovuxdtnroc, Ileprypogun Aoy, Ovtohoyia, XOvolo Aedouévov,
Movuowx?, Apuovia, Real-Book of Jazz






Abstract

Advances in artificial intelligence have enabled the integration of extremely innovative systems in many fields.
One of the fields that has been particularly on the rise, is music information retrieval. This has significantly
enhanced both the production of music and the listening experience. One specific task that is really worth
focusing on, is the task of audio key detection, examine the current state of resources and practices, and try

to build on that existing foundation. In this work, we propose a dataset for use in audio key detection tasks.

We stared off by taking a look at the datasets that are currently being used for training and testing purposes
of key detection algorithms. Despite the abundance of resources, we found that the current data pool is not
heavily characterized by harmonic diversity. Elements like key changes, or harmonically advanced genres
like jazz, were not to be found in these resources. This ultimately means that there is a great part of
harmonic information that remains uncaptured by our current practices. In an effort to mitigate this, we
decided to draw the content of this dataset from the book that best represents the genre of jazz music, The
Real-Book of Jazz. The Real-Book of Jazz is a collection of jazz music’s most characteristic songs, and the
ones that ultimately created what we now consider as modern harmony. After going over the theoretical
musical background that derived from these songs, we used it to analyze each song in terms of its tonality.
After that, we created list of these songs, where for each one we wrote down all the different keys is passes
through, along with the exact point of the song that this happens. We also included a simple performance
of the song, according to the lead sheets found in the Real-Book. To further consolidate the harmonic
rules we are trying to highlight through that dataset, we proceeded by expressing them in descriptive logic
language format, in order to incorporate them into a music related ontology. After going through some of the
available options, we found that the one that matches the structure of our theoretical background the best,
is the Functional Harmony Ontology. To evaluate our work on the ontology side, we developed a process for
harmonically analyzing songs via reasoning using SPARQL queries. In these results we saw that the final
ontology was really able to capture the nuances of the harmonic context, despite its complexity, and deliver
a really strong prediction for the keys of the songs we analyzed. For the evaluation of the dataset, we used
a series of key detection algorithms, to compare their performance when having our dataset as input, with
their performance when tested upon some other commonly used datasets. What was evident in the results
of both the ontology and the dataset experiments, was that some of these practices suffer from the lack of a
diverse harmonic vocabulary in the respective data. This came to confirm the initial questions that served
as the main motivation for this work, and opens the way for an, as inclusive as possible, approach to the

gathering of resources for all music information retrieval tasks.

Keywords — Audio Key Detection, Descriptive Logic, Ontology, Dataset, Music Harmony, Real-Book of

Jazz
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Euyapiotieg

To épyo awtd dev Yo unopoloe va mpaypoatomoinlel yweic v vroothelln xou BoRdeia TOAGDY avipdtwy.
Ieota, Yo Hdelo va euyaplotiow Tov emfBAénovta xadnynty wou, x. Xtdpov I'edpylo, yia Ty moAlTun
Bordeio xan xatavdnomn Tou xatd TN Sidpxeia EXTOVoNS AuTHS TG epyacioc. Euyapiotd mohd emlong toug

Baoiin Avunepdto xou Xndpo Kavtopéhn yio tny dtapx| xadod¥ynon toug xou dialolpaoud tev I8EMY Toue.

Oa Hdeha vo euyaploThow Wlaitepa TNV oxoYEVela xou Toug @lhouc wou, mou ye othptloy xadnuepLVd Ue TNV
aydmn xou To evilopépov Touc. Buyaplotdd moAd tnv Mapldviy, yio tnv otheidn xou tn fordeid tne. Téhog da
foelo va euyaploTt Wiaitepa TV EAévn yia tnv aydmn, v umopovi] xan Ty dUvaun Tou pou €dwaoe xod’ A

auth TNV Tepiodo.

Woppds Iwdvvng, Iobhiog 2024
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Extetapevn Ilepiindn oto EAAN VX

Ta tedeutola YpovLa, CNUELOVETAL ONUAVTIXT] TEOOBOC GTOV ToULd TN avdxTnong pououxic mAnpogoplag. H ei-
0000¢ NS TEXVNTAC VONUooUVNE €xEl Tpoo@épel éva Thdog epyaheiwy mou Bondody otny xahltepn xatavornon
TV Pooix@dy Louox@y evvolty xo Bedtidvouy T ddxacio tng odvieong. Etot, elvar onuavtixy n mhieng
a&tomoinom tou povoxol Aeihoylou, Tpoxewévou Ta epyahela avtd va Bedtiotonodoly 660 To duvatéd TEPLo-

c61EpO.

‘Eva and ta Yepehndn otolyela Tne ouoixic, elval 1 TOVIXGTNTO TOL wouctxol xouuotiot. O npocdloplouds Tng
TovoTnTog elvan Wi Sladacia Tou dlapépel o€ duoxoiia avdAoyo e To €lB0g, 1 axdUN Kol TOUC HAAALTEYVES
Tou {Blov eldoug. I'at ToV 6KOoTO eEVTOTIOUS %o XATAY PPN TNG TOVIXOTNTAS EVOS XOUUATION, OmALTE(TOL EMAUPXTG
XATAVONOY) TV xavovwy Tne appovioc. To eldog mou yenowonolelton cuvniéotepa we onueio avapopds xotd
N MEAETY TS oUYYpovng apuoviag, elvan 1 povowr tlal. Xty nopoxdte epyaocio, npoteivouue éva chvolo
dedopévey Tou eoTldlel oty PERéTN xou amotunwaen tng tal 1 povtépvag apuoviag, HE oToy0 TNV Yeron and
akyoplduoug aviyvevong tovixdtnTag. Ao avTANoOULUE To XOUdTIaL TOU Guvolou awtol and to Real-book of
Jazz. To Real-book of Jazz anotehel éva mAfpec ey yelpldLo pe mopTiToVREeS Yiot TOMAG Ad TO O Y AEAXTNELOTIXS
xopudtio tou ol peneptopiou. Oo yeketoouye xdde éva and To XOUPdTIA WS TPOS TNV TovixdTNTA Toug. Mall
YE TOV TPOGOLOPLOUS O TNV XATUYROPT TV TOVIXMY TOUS XEVTp®Y, Va cupneptAdBoupe xau éva apyeio fyou
ME Wit omh) EXTENEOT] TOU XOUpaTioV. 2Tn cuvEyel, o YENOLLOTOCOUUE XAOTIOVS YVKOOTOUG ahyoplduoug

aviyveuong TovixdTNTAC, Yia Vo aELOAOYCOUUE TO GUVOAO BEBOUEVLV AUTO.

Moall ye 0 dnuovpyia Tou cuvélou Bedouévmv, Yo TUPUIEGOUUE oL TOUG HPUOVIXOUC XAVOVEC TOU YENoi-
pOTOLCOPE GTNY AVAAUCY) WoC. TN GUVEYELXL Yol TOPOUCIAGOUPE AUTO TO GUVOAD XAVOVKV YENOULOTOLOVTUS

YAOooES TEPLYpa@XC AOYIXNG, TEOXEWEVOU VAL TOUG EVOWUATOOOUUE OE Uid HOUCIXY] OVTOAOY(a.
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Chapter 0. Extetapévn Ieplindn oto EXnvixd

0.1 Teyvohoyixd undBadpo

Y10 xepdiono mou oxoloudel, Yo BOCOUPE Wiat EXTETUUEVY] EMIOXOTNGCT] TWV BLOPORWY TEXVOROYLOV Tou Yo
yenowonoindoiy xou Yo avageptolv oe OAn Ty napovoa epyacta. Ot teyvoloyiec autég ywpllovion o ouddes.
Ipwta Yo mopousidooue Tig TEXVOAOYIEC TOU apopolyv To UEpog NG ovtoloyiag, TplY TEOYWENCOLUE GTIC

TEYVOAOYIEC TOU YPNOLULOTONCUUE Yiot GXOTOUS BOXIUAC CUVOAWY BESOUEVWLV.

0.1.1 YrnoBadpo Ovroloyiag

I vae Eexvriooupe 1o Yewpnuind poc unoBadeo, o pllouue wio potid ot Sidpopes teyvoloyieg mou yenot-
HOTIOLACUUE, TTPOXEWEVOL VO TIROLY LOTOTIOLCOUUE NPILOVLXT) OVEAUGT) YENOLHLOTIOWVTAC ol ovTohoyia mou oyetile-
ToL UE TN pouow. Oa gpyaoTOUUE Ypovohoyd mpog ThV emiteudn auTol TOU OTOYOU, EEXVOVTAC UE Uid
ETULOXOTNGCT| OPIOUEVKY GYETIXMY OVTOAOYLOV Tou oyetilovtal pe T wouotxn. Xtn cuvéyeld, Yo eeTdoouUe
o EPYUAELD TTOL YENOLLOTOAOOUE YL VO TPOTOTOLOOUUE TNV OVTOAOYIO TOU XATUAAEUMUE VO VAOTIOLCOULE.
Téhog, Yo ohoxAnpddocoupe auUTH TNV evoTNnTa, Tapouctdlovtag T teyvoloyleg mou pog Pordnoay va yenot-
pomoticoupe TNV TEMXT ovTohoyia Yiol Vo avaAOGOUUE dpovIXd oplouéva Tpayoldia Tou TeplhauBdvovTtal aTo
oUvolo dedouévwy poc. AMNG mpwta, Yo e€etdooupe to T opillouye we ovtoloyio xat mota eivon Ta epyahela

TIOU YPNOWOTOLOUVTAL YId TOV TROGOLOPLoUd TNG.

Ovrtoloyia

e TOAEC TEQIMTMOELS YPNOULOTOLOUUE XATNYOPIES AVTIXEWUEVRY €TOL (OTE VO AVATOQPACTACOVUE €vol Tedio
yvoong. o vo anoddcouue ovouaTa Vo XATIYORLOTIOLICOUUE OTLC EVVOLEG IOV ETILYELPOUUE VoL TEPLYPAPOUUE,
TEETEL VoL UEAETHOOUYE TLC LBLOTNTEG TOUC %ol VoL BLEUXPLYHOOUUE ToV Tpdmo e tov onolo oyetilovton yetald
toug. To yopoxtmelotxd autd, to omola xadopllouv xou T Yvoom, meénel va opllovtal Ye TPOTO ToU Vo
XOVOTIOLEL YEVIXOTEPES EVVOLEC TOU ATOUOU, TV XATNYORLOV X0t TV OYECEWY Tou To cuVdEouv. Ileptypopég
TOU SLUTUTIOVOLY TIATEOPOEleC auTod Tou TOTOU Yol €val GUYXEXELUEVO Tedlo Yvdone ovoudlovTal opohoyxé,
£V 0L AVTIOTOLYES YVWOELS IOV avanTiooovtol ovoudlovTal opoloyies 1 ovtodoyles. Méow tng onuaclohoyxrg
gpunveiag xou AoYc avdhuong TwY OVTOAOYLOY, UTOPECOUUE VO AMAVTACOUUE OE EQOTAULNTA OTWS TO AV XATOLL
xotnyoplar elvon yevixdtepn and xdmola GAAN, N AV XETOLO CUYXEXPWEVO OVTIXE(UEVO QVAXEL OE Lol XOTNYOoplo
[24].

To mp®To B Yot THY ovdnTuEn OVTOROYIXGY Tieptypapny elvar 1 Vepellwon twv atéuwy (individuals), tov
otouyelwy, dnhadt, Tou xdopou mou meprypdpoupe. To dropo anoteholyv cupPoloceipéc (ovéuata), oL onoles

Ta TpoodpLpilouy cuvtoxTd xou Bivouy T duvatdTnTa TUTIXAS, LOVOOHUAVTNG avapopds ot auTd [24].

Ta dropa €xouv cUYXEXPWEVES BLOTNTES Yol UE BAoT AUTEC XATATACCOVTOL OE XATNYOpPLEC | kKAdoelg, Ue xdmoleg
xhdoelg vo elvon yevixotepeg amd didec. Ol xhdooeic ovouotiCovtar e t Yprorn cUUBOAOCELRGY Xl oVTLo-
ol 00V OE WA CUYXEXELEVT WBL6TNTa, TNy ontola e€etdlouye Yo var doVUe av xdmoto dtopo elvan péhog authc
e xAdong 1 Oyt. e xdmolec mepInTOOoElC unopel va avopepdolue oe o ¥AJoT TEpLypapixd, pe clvieta
ovépata Tou cUVATKC TEPLYPAPOLY AexTixd TIC WBLOTNTES TV oTdpoLy Tou TNy aroptilouv [24]. Xe opiopévec
TEQLTTWOELS, Ol OVIOAOYIEC UTOPOVY Yo TTERLYPAPOVY UOVO UE YENoT XAJOEWY, Ol OToleg OTN CUVEYELX YENOl-
HOTIOLOVVTOL YLOL TOV JUECO YORAXTNEIOUO TV avTioToLy WV dedouévwy, Ywplc vo amartelton yenon atdpwy. Onwg

Yo Sovpe ot endueva xepdhona, avtd Yo cuufel xou ot dixf pac vhomoinet, [18].

O1 oyéoeic og wa ovtoloyio Teplypdpouy Tov TpéTo Pe Tov onolo To dtoua N ol xAdoelg oyetiovton uetagld

toug. M oyéor unopel va eivan petalld 8o atdpwy, 8o xhdoewv # evéc atéuou xau wac xhdone [18]. Ot
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oyéoelc evOC aTOUOU UE GANL ATOUA CUYXEXPLIEVNS XAAoNG elvan onpovTinég yior TNV xatdtaén Toug oe xdmoLa

XAIOT).

OWL 2

H yAdooa OWL 2, efvon plat YAdooo ovtohoyidy Xnuactohoyixol Iotob. H yeron e yhwooac OWL 2 oty
vhomolnom oVIOAOYLY TaREYEL TNV BUVATOHTNTA 0pLOUOD XAACEWY, WOLOTATOY, ATOUWY XL TWOV BEBOUEVKY, Ta
onolo arodnxeboviol we ovtoTNTES Tou Xnuactoroyixol Iotol. Ou ovtoloylec OWL 2 amotunddvovton xupiwg
ue yenon evég eyyedgouv RDF. Oa yenowonoimoouye 1 yhwooa OWL 2 yio va opicouye ta apuovixd otouyela

Tou oToYeVOLUE va TEpLypddoupeE.

Yxetwxég Ovtohoyieg

Trdpyer yeydrog apdude BLUPORETIXWOY TPOCEYYIoEWY OGOV apopd TN AOYLXH AVATAEACTACT] HOUCLXOU
nepieyouévou. ‘Eyouue otn diddeon pac mohudpriuec tétolec avamapaoTdoel o Yop@t oviohoylag, ol onoleg
BLPEPOVY WC TIPOC TNV TTUYH TNS LOUCIXNS TANPOPORlaS TOU EMBLOXOLY Vo Teptypdhouy. Trdpyouy meplntd-
OELC TOU avapE€povTol XUplts 6To xopudtt Tne pouowxhc napaywyhc. H Studio Ontology Framework (Fazekas
et al.[8]), otoyelel oty Topoy pac gupeiac emoxdénnone e dadixaciog povonic Tapaywyhc, divoviac pia
EVVOLAOY WY TEPLYPUpT| ToV oTtolyelwy Tou Peloxovton ot éva pouoxd otobvtio. O Fields et al.[9] npdtevoy
v Segment Ontology mou emxevipdveta oe tasks enelepyooiog povowot ofuatog. O Turchet et al.[23]
napovaiocay v Internet of Musical Things Ontology, v 0molo ETXEVTEMVETOL GTO LEGA XATAVIAWGCTG LOVGIXNAS,
pall pe bpouc mou oyetilovton pe TRV pouoix| mopaywyh. Trdeyouv eTioNe MEPINTOOELS OYETXES PE TN
onuetoypapla xou tn onuactoloyia tne moaptitovpac. H MusicOWL eivou pla ovtohoyla 1 onola etofydn and
Toug Jones et al.[11], xou omooxonel oy meptypaph) Twv mapTitotpwy e Auvtixic Mouowhc, xahitTovTog
TANneo@opleg 6TKC oL HEAWDIES, BuvaUXES xou TovxoTNTeS. Miot dAAT ovtohoyio pouoixic ornueloypapiog sbvon 1
MUSICNOTE, twv Cherfi et al.[5], n onoio anooxonel oty eVowUETWON ONUACLONOYIXOV LOUCIXOY OTOLYEIWY
YLoL TNV ETEXTOON TNE Xwdxonoione Twv taptitovpwy. Ou Charbel et al.[7] avéntuiay tnv MusicPatternOWL,
o ovtohoyio mou doyel Ta amoteAéopoTa VvOC oA yopldou avdAuoTg LoUGIXDY HOTIBWY, Yiot TNV LTOCTHELEY TNG
dradixacioc avdiuone maptitodpwy. Mia ntpocéyyion mou Boasciletal TEpLOGOTERO GTo LOUGLXS Gpyova €xEL YiVEL
and toug Kolozali et al.[15], o1 onolot mpdtetvay par ovtoloyia pousixdy opydvev Bacléuevol oto cloTnua
tafwéunone twv Hornbostel xou Sach. Xenowonowdvtog 1o (8lo ovotnua tadvéunone, o Ayorinde[2| npdretve
Mot OVTOAOYIO TTOU TOPEYEL TANEOYOPIEC OYETHA UE TIC OLXOYEVELES, TLC OUGDES XL TOL YOQUXTNELOTIXG TWV
pouoxdv opydvewy. O Kaur xou Aggarwal[13] avéntulav pla ovtohoyior pouoxdv opydvey Pe EUpacT oto
Baoxd yopoxTNElo T Twv eYY0edwy, Ty string ovtodoyla. E&etdlovtag tnyv cuvaicUnuotin teocéyyion
e povoxfc, ot Song et al.[22] mpdtetvay v ovrohoyia Context-based Music Recommendation (COMUS),
ovoyetilovtog TNV cuvaoYNUATIXY XATAGTOOY TOU axpoath| He BAon TANEOPOEiES HOUGIXOY TEOTUWHCEWY.

Ané Yewpntinhic Theupde, ou Sabbir et al.[20] npdtewvay v Music Theory Ontology, 1 onola e€etdlel évvoleg

oTwe 1) pouolxr onueloypapia, 1 Bidpxeld, ol cuyyopdlec, ol ahucldec cuYyoEdLWY xot ol Paduldec.

Iopd to yeyovog 6Tl oplouéveg amd QUTEC TLC OVTOAOYIEC TPOGPECOUV Lol TOAD YEHOLULY) OVATOEICTACT TWY
HOUGXODY EVVOLDY, XotaAhEaue Vo emAEEOVUE Wiot GAAN emhoyT) yia va Bacicoupe v vhomoinoy poag. Auty n

ovtohoyia, 1 Functional Harmony Ontology [12], Yo e€etaotel dieodwd og endpeva xe@dhonL.
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owlready?2

To Owlready2! efvou éva maxéo yio npoypopuotiopd oe Python oyetind e ) @optewon, Tpotonolnon xou oro-
Vrjxevor ovioloyidyv. Xernowonowolue to noxéto owlready?2 yia vo tpononofjooupe v Functional Harmony

Ontology, 6nwe Yo Sovye Sie€odixd oto xepdiono 0.14.4.

GraphDB

To Ontotext GraphDB elvau éva nepiddhov unoothpléng Bdoewy Sedouévev Yedpwy, cuuBatd Ye To TpdTUTO
RDF o tnv yhaooa SPARQL?. Oa ypnoonotficouype o GraphDB yia v amodnreicouye oe popgt| yedpou
oL 0eBouEva TG ovVTohoY(oC UoC, TEETOU TRy ATOTOLCOVUE AEUOVIXT| AVAAUGT] UEGGL ONUACLOAOYIXO) AOYLIGHOU

xenowwonowwvtag SPARQL queries.

SPARQL

H SPARQL eivon pior yYAdooo onuociohoyixol hoylopol yia Bdoelg dedouévmv, txavr va avaxtd xou vo yelpile-
Tou dedopéva amodnrevuéva ot poper) RDF?. H SPARQL uropel vo yenowonomdel yio Ty éxppoon epwtn-
HaTwY ot BldPope TNYES BEBOUEVLY, elte auTéC eYYeVdDE amodnxeupéves we RDF, elte mpofdiiovtan w¢ RDF
uéow evdidpeosou Aoyopxol. H SPARQL vrootnpilet enioneg v ddpoton, ta urtogpmthuata, tTnv devnon,
onulovpyio TWOV YEoW EXPEICEWY, TOV EMEXTACLUO EXEYYO TUDY XL TOV TEPLOPLOUS TWV EPLTNUATKOVY e Bdon
Tov apywd yedpo RDF. Ta anoteréopato twv epntnudtwy SPARQL yropolv va elvar obvola anoteAecudtev
# Yoopfuota RDFY. Oa yenowonotficoupe T YAdooow SPARQL yio vor e£8y0UPE TIC EXTUUACELS TTOU TROXITTOLY

amd TNV opUovIXTY) avdhuon Tng ovioloyiag pag, UEow oNuasctohoyod Aoyiopov.

0.1.2 Iletpapatiny Siadixacio dataset

Yty enduevrn evotnto Yo Tapouctdcouue Tig Teyvohoyieg mou oyetiCovtan pe T dnwoveyio xou tnv aloAdynon
oL cLVOAOUL Bedopévmy oc. Autéc nepthauBdvouy, xdmolo avtioTolya cUVOAa SEBOUEVELV TOU Y PNOLLOTOL0UVTOL
yioo ™V exnaideuot xou To testing twv ahyoplduwy aviyvevone tovixdtnrag, pall pe oplouévoug amd Toug
drardéoipoug autole olyopldpous, Tou yenowonowjoaue oty dtadacia aflohdYNoNE TOU GLVOAOL JESOUEVLY
oG,

Yxetwxd Dataset

Trdpyer évac onpavtixde apldudc cuVOAWY BEBOUEVLY TIOU TEOGPELOVTOL YLl TEOBANUAUTO OVOYVELONS Yol
tautononong wouoxdy otolyeiwy. Ilop’6N autd, 1 TAELOVOTNTA TWV CUVOALY AUTKOV ECTIALEL OTO XOPUATL
TV oLVLCUNUETLY 1| 0TV TavTonoinom NYNTWAC TNYHS. YTdeyouy oplouévo GOVoho BEBOUEVKY TOU ETUXEV-
Tpwvovtan oe aryopldpoue aviyvevone tovidtntac (MIREX2005Key, GianStepsDataset, Isophonics, Rob-
bieWilliams, Billboard2012Key). Ta cuyxexpiuéva oOvoa, e6TEL0UY XUPIWwE OE MEPLTTMOELS XOUPATIOY TOU
dlatneoly Wwa apyix tovixdtnta. ‘Etot, dev undpyet apxety| diardéoiun tAnpo@opio Ylol XOUUATIOl UE EVOANAYES
07O TOVIXO TOUC XEVTPo. Ag eEeTdOOUUE OUMC TIO GUYXEXPUIEVA UEPXES Ao TIC BUCIXEC TEPLTTAOCELS TETOLWY

CUVOAWV.

Lhttps://owlready?2.readthedocs.io/en/latest/
2https://graphdb.ontotext.com/documentation/10.7/
Shttps://en.wikipedia.org/wiki/SPARQL
4https://www.w3.org/ TR /sparqll1-query/
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Oplopéva and o mo oLYVE YeNoLLoToloUUeve cOVORa Bedouévwy Yo TNy exnaideuon xar v o&loAdynom
ahyoplduwy aviyveuong TovixdTnTac TPoépyovTal and (0 Tou anoteholLy Yépog Tne dnuoiolg wovowrg. To
GiantSteps Key[14] eivon éva 6Ovoho Bedouéviv mou avthel 1o TEPLEYOUEVS TOU XUplWS omd TRV MAEXTEOVIXY
pouotxy, eved to Isophonics xou Billboard2012, eivon clvoha dedouyévwy mou mepléyouy xuping cuviléoel and
XOAMTEYVES TNE TOT wouowhc. BAémouue mwg undpyel évag onuavtindg Poaduds uovouéeelag oto LAXS and
T0 0omolo AVTAOUV TEQIEYOUEVO Ol TMUPAMAEVL TEPLTTMOoELS. Elvar onuavtixd va éyouue diadéolun mAngogoplo
Yio 600 PEYUAUTEPO UEEOC TOU HOUCLXOU OOCUCTALNTOC YiveTol. LNV Tpoonddeld pog auTh, 1 EVOWUATWoN
Tou appovixol Ae&hoylou tng tlal oe auth Ty TAneogopia, eivon emtaxtr. Katd tn Sudpxeia tng evotntog
TOV anoTeheoudtey, Yo Bolue xoAUTERA THE 1 YXprioT eVOG dpuovixd Thouatdotepou Aedlhoyiou Yo propodoe va

EVLOYVOEL GNUOVTIXG TIC UTHPYOUCES TROUXTIXES.

Xemnoironotobuevolr Ahyoprdpot

It v a€lohdynom Tou GUVOAOL BEBOUEVWV YPNOLLOTONCUUE 0pLOUEVOUS EX TV Sladéalumy ahyopliduwy avay-
VORLOTNE TOVIXOTNTOS antd TOV axodNuoind Topéa, xodode xou plo avtiotoyn eunopixt| Aoor. Ocwpfooue onuay-
Txd Vo CUUTERLAGPBOVUE EPUPUOYES amd BLAPORPETIXOUC TOUEIC, YO VO AMOXTACOUUE OGO TO BUVATO MO TATEN
avtiAndn we tpoc v anddoor Twv dladéouwy hAboewv. And to oxadnuaixd nedlo, ypnowlonotidnxay ot oh-
yopruor madmom xou justkeydding, eved amd Tig dladéoipeg eunopinéc AICE yenoLwoTolUnXe 1 open source

epapuoyh KeyFinder °.

O alyopuduoc justkeydding [17] elvon évac ahydprduoc aviyveuone tovixdtntog Tou Baociletar ot yperon tov
nnls-chroma[19] xou ota Kpupd Mapxofiovd Movtéda [17], Ocwpmdvtac évav cuvolind aptdud 24 pellovev
X0 EAIOCOVWY TOVIXOTAHTWY, To onola avamaploTavton wg xeugy xatdotacrn oto HMM. To yovtého autd
alohoy e YeNoLLOTOLOVTAS cUVOAXE 260 pouctxd xopudtio, xvplwe and To EETEPTOPLO TNS XAACCIXNG
povowng. XenouomoldvTtag €vay cuvduacud and uellova xo eEAdocova Teo@ih ToXdTNTS, TO UOVTEND TETUYE
oxpifela 84,8% otnv aviyvevon e TOVKOTNTAC TOGO AUTMV TV XOUHATIOV, GO0 X0l TWV XOPHOTLOV TOU
avrixouy ota cUvoha dedopévev Tou key estimation task oto Music Information Retrieval Evaluation eXchange
(MIREX).

To madmom eivon pior BiBhiodrxn Python yio ene€epyocio nyntixod ohpoatog, pe éugoorn oe tasks ovix-
none pouoxfic TAnpogopiacd]. To povtého extiunone tovixdtntde tou Pooiletan oty Soukewd twyv Filip
Korzeniowski xou Gerhard Widmer oto "Genre-Agnostic Key Classification With Convolutional Neural Net-
works" [16]. To ev Aéyw poviého exnaudeltnxe ypnowonowdvtog 1077 xopudtia and 10 cOvoho dedopévev
GiantSteps MTG Key ¢, éva oOvolo dedopévev 1751 xoppatidv xhaoic OUCXAS, X0k TO UTOGUVONO E€X-
naidevorne Tou ouvblou dedopévwy McGill Billboard 7. Snuewdvetor nwe 1o oivoho dedopévev GiantSteps
MTG Key diagépel and to cbdvoro dedopévwy GiantSteps Key nou avagéptnxe napandve we éva and ta

oUvola dedopévwy ou yenotwomoolvTat yia TNy o&tohéynon oto MIREX.

To KeyFinder elvor éva open source epyaheio evtoniopol xhedidyv and tov 1. Sha’ath [21] mou ctoyelel otov
EVTOTUOUO TOVIXOTHTWY TwV Pnelaxcdv nyoyeaproewy. To KeyFinder eivan o vhonoinon nou Bascileton otov

unoloytopd Tou constant-Q transform pioc ceipdc mAauciny, ta omolo oty cuvéyela avtiotolylovtar og éva

YEWUATOY RPN Yo oXTABog.

‘Eva onuovtind tedBAnuo tou avTeTwTioope xatd Ty avaltnoT Twy XATdANAov epyalelwy Yo To oTédio

Shttps://ibrahimshaath.co.uk/keyfinder/
Shttps://github.com/GiantSteps/giantsteps-mtg-key-dataset
"https://ddmal.music.mcgill.ca/research/The McGill_Billboard Project (Chord Analysis_Dataset)/

25



Chapter 0. Extetapévn Ieplindn oto EXnvixd

TLV doxdy, elvor To yeyovde ot uévo pla and tic Swrdéoiues epapuovés (justkeydding) Siadéter Aettovpyio
VL0 OVOLY VORLOT] TOTUXOY TOVIXOTHTWY, X0l XOTA CUVETELX LeTATEOMIOY. Mdhiota, olupuva ye Tic odnyiec ouh-
hoync dedopévwy tou MIREX 2021 doov agopd ahyopiduous avayvdpeone tovixdtntag (mdavée cvvdespoc),
avapépetol we Tteolnddeot) va Aopfdvovtar unddr wovo o tpeto 30 BEUTEPOAETTO TOU LOUCLXOU XOUUATION, GE
plar tpooTdvEld Var amo@eLydoly TOVIXES BLapopoToloElC Tou Umopel vo tpoxUouy uetd and autd to onuelo.
‘Etot, autd €yer we anotéleopa dbo mpdypato. Ilpdrtov, ta obvoha dedopévwy telvouv va unv ectdlouy
1660 TOAY o€ £ld1 pouoixc Tou oL ahhayég TovixdtnTog elvan cbvnldec gouvouevo. Aedtepov, AoYw auTH TNg
xateduvong, oL ohyopLiuol aviyVEUOTC TOVIXOTNTOG OTIAVIA TROGPEROLY AUTH TN AeltoupYxdtnTa. Autd aprivel
ave€TaoTO €Vol UEYHAO XOUUATL TOU oucxol peneptopiou, To onolo VYo UmopolcE Vo GUVEIGPEREL GTUOVTIXG

OTOV EUTAOUTIONS TNS UTHPYOUGUS YVMOTC.

0.2 Movowd Oeswentixd unoBadeo

0.2.1 KAhiipaxeg xouw Tpomor

Y Yewplo TG LoLOIXAC CLUVAVTAUE GUY VA GEOUC IOV Y0V TaEdHOLY Lop®T xou WLOTNTES. H owoth xatavérnon
TV Blapop®y Toug elvan Yeyding onuaociog av BEAoOLUE Vo UETAPEPOUPE aUTH TN YVWOT ot éva TEPBGAAOY
hoyloxol. XTiC eNOUEVES EVOTNTES, Yo anocupnvicouue TIg Slopopés HETAED TwV BAoXdY Bouxwy oTolyelwy

e appoviog, otny onola Yo Pocicovpe xon TNV UETETELTA AVAAUGY KOG,

KAlpoxeg

Ot xhipaxec xaholvtar oL aviovoeg axoloudeg 7 Bladoyxdy VOTOV Xol TO OVOUS TOUC TEOEPYETOL OmO TNV
TEATY VOTA, X0t TNY ToLoTNTA TNE xh{poxac. Trdpyouv 800 Baciwéc motdTnteg N xatnyople ¥ AMUdxwy o1 BuTIXY
povowh Yewplo: 1 pellwv (f patldpe) xon nedocova (A wvope) xhipoxa. O pellovee xau oL Eldocovec xhipoxee
€YOUV CUYXEXPWEVEC anooTdoelC PYETHED TV VotV Toug. Ot yapaxtneiotixy axolouvdo Twv anoctdoewy

HETOED TV VOTGV TNe ueivolac xhipaxag elvon 1 axdroudn(ue T onpehvovton ot tévol, eved pe H ta nuitovia):
T-T-H-T-T-T-H

Kdde vota oe wia xhlpoxa avtiotoiyel oe pla Podulda. T'o mapdderyyo, otny xhipaxo Nto peilova, n véto
Nro eivar 1 mpdtn Badulda 1 1 I, 6nwe ocvyPorileton. Avtiotoiya opilovtar xou ot undroinee Baduidec tng
oo péypr xon v €BSoun (VII). T xdde vota undpyer wa peilova xhipaxa v onolo unopolue vo
Bpovue epappdloviag Tic xatdhhnhes odhotdoels (Siéoele ) VYPETELS) GTIC VOTES TNE £TOL (HGTE VoL TPOXVTTEL |
Tapamdve ahknhouyla Tovey xan nuitovey. H Nto peillova elvon 1 povadueh pellova xipoxa ywplc alholdaoelc.
H peilova xhipaxo givon o x0pto Sopixd oTolyelo oL YpNOULOTOLOVUE WG AVAPOPE YL VO TPOGOLOPLGOVUE ONEG
TS UTOAOLTES XAipaxees, Ye TNy eAdocova xhipaxa vo elvar wla amo autég. Ilo cuyxexpiéva, o dpoc eNdocova
oo TepLEYEL 3 UTOXATNYORLEC XALUAXWY, TNV PUOLXY), TNV JEUOVIXN Xot TNV HEAWdXY eAdocova. H xdlde plo

amo auTég Exel TNV duer TNg ahknhouyia daotnudtwy. e v guoy| ehdocova €youpe:
T-H-T-T-H-T-T

Yuyxpivovtag Ty Topandve adnlouyio e auth g pellovag xhaxog, UtopolUe Vo eEXpEAcOUUE Tic Barduldeg

e ehdooovac xhipaxos pe Bdon avtée e pellovac. H axolovdio mou naipvouye elvon n:
I-II-DbII-IV-V-bVI-bVII

Avuté onpaiver 6TL ol whipoxee Nto peillova xou vto eddooova Yo dwpépouy we e&ic:
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N+o pellova xhiyaxo: Nto - Pe - M- ®@o - Yok - Ao - X
Nto ehdocova xhipaxo: Nto - Pe - Mib - ®a - ok - Aob - Xib

Yy neplntwon e dpuovixic wivope xhipoxag, axohovdolue oxplBng TV QuoXY| wvdee, eXTOC amd TNV vOTa
e €Bdounc Poduidoc, 6mouv mAéov avtl yia Ogeon (bVII), dev éyouue xopior cdholwon (VII). Enopévwe, yia
v Nto apuovikn pwvidpe Yo €youye:

Nto appoviny| pvéee: Nto - Pe - Mib - @a - Yok - Aob - X1

Iopduota, Yo vo oynuaticove TNy UeAwdixy) wvope xhlgoxa, apaipodue Ty Uepeon xou omd Ty €xtr Baduida,

€xovtag Aoy, otny neplntwon g Nto:
Nto pehwdiny) pvéee: Nto - Pe - Mib - ®a - YoA - Ao - 2

H quowy, appovixs xou uehodxr) ehdocova xhigono oAnAendpoly petall Toug ye tpdémouc mou Yo culntr-
coupe oe endpevee evotntec. Ilpoc To mapodv, Vo emixevipwdolye oty axdioudn nopoatrienon. IHaipvoupe tny
oxohoudia St Tnudtwy tng peilovag xhiyaxac.. Av Eexvioouue tnv axoloudio and to €xTo didotnua, To omolo
elvon Tévog, xou ouveyicoupe péypet va @tdooupe Eavd oto Blo onuelo, TpoxdnTeL N oxohoudio Slac TNUETWY TNG
puoxfic eAdocovag xhlgoxag. o napdderypa, av Eextvicoupe amd tny €xtn vota tng Nto peilovag, dnhady
vota Aa, Yo oymuoticovpe pio puoxr] e docova xhipaxa, otny teoxelévn nepintwon ) Aa guoikn) eAdooova

whipoxa. Auty 1 mapotipnon pag odnyel aTov endUevVo 6po oL XUAOUUACTE Vo ENEENYHOOLUE, TOUC TROTOUC.

Teoémor

YNV meonYoUUEVY] TapdYpapo, XAVoUE Wa obvToun eloaywYr otny Yewpla TwV TdTWY, HEGW TOU ToEAdELY -
T0¢ NG Quoic eEAdocovas xAlaxas, 1 onolo Towtileton pe TN pellova xhipoxa, EextvidvTtag and Y €xTn TNe
voto. Me v (Bl Aoyxr), umopolue Vo SMuLoupyHooupE Lol xhlpoxa yior xdde pio ano tic undroineg Barduideg
e pellovae xhipaxoc. Ou xhipaxec mou npoxUmtouy, ovopdlovtar tpémol tne uellovae xhipaxac. Eyouue 7
dlapopeTinole TpéToue, évay yia xdde Barduido e xhipoxac. O tpémot yapaxtneilovton and tnv Tedn TOug
vota, 1) PBaduido, xou TV TOLGTNTA Toug, N onola avTicTolyel o éva and To QTE AmodIBOUEVAL apy ol EAAVIXG

ovouaTa Yot xdUe €vay amd Toug ENTd TEOTOUC.

O mpdtoc TpoéTog ovoudleton Iwvinde, xou Eexvd and tny mpdt Borduida tng uetlovag xhiwaxos, xou etopéveg

towtileton pe auth.

O Bebtepoc TpoTOC elvan 0 Awpde, xan elvar 1 axoloudio mou moalpvouue Eextvadvtag and T dedtepn Podulda

e pellovag xhipaxoc. Ta mapdderyua, o dedtepog tpénog tne Nto pellovac, ovopdleton Pe Swplxoq.
O tpltog tpdémoc ovopdletan Ppdytoc, xou Eexvd and tny teitn Baduida tne pellovag xiipaxac.

Axohoudolye v Bl Aoy xou yio Tic 7 Poduideg tne petlovag xhipoxas. Tehxd, or tpdmoL TOU amopEEOLY

and T petlova xhipoxa efvou:
- Twvixde - Awpinde - plyioc - AbBlog - MiZohbdiog - Atohxde (1 guoxd ehdooova) - Adxplog

H x0plat mpoxtinyy ypron tewv teénwyv otny tlal pouoixy avadevietal xuplwe xotd T SLdpXEL TOU AUTOTYE-
OLOUOY, OAAGL TAUTOYPOVA, HOE TUEEYOLY ONUAVTIXEC TANEOQYOP(EC GYETIXA UE TO NPUOVLXO TEQLEYOUEVO TOU
xoppatiot. Nwpltepa ouyxplvape tic Boduidec tne Nto pellovae xipaxoc ye avtée tne Nto ehdooovag, Ty
omnola TAéov yvwpilovpe xou w¢ Nto Alohixd. Autd onuaiver dti ol Baduldec Tou Alohixol tedmou ol (Bleg tou

eldope xou yior Ty mepintwon e guoic ehdooovag (I - II - bIII - IV - V - bVI - bVII). Tdpo Aoindv mov
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yvweiloupe Tic Poduideg Tou Iwvixod xan tou Alokixol tedmou, Yo egopudooupe Ty (Bioe Aoyixy, yia vo Beolpe

¢ Borduidbec xou TV UTOAOITWY TEOTWV.

T tov Awpind tpéT0 €Y OUPE:

I-II-DbII-IV-V-VI-bVII

‘Etol 0 Nto Awpxde etvon: Nto - Pe - Mib - ®a - Yok - Aa - Xib
T tov Ppiyio €youpe:

I-bII-bII-IV-V-bVI-VII

‘Etol 0 Nto ®piyiog eivar: Nto - Peb - Mib - ®a - Yok - Aab - X
INo tov AGBLo €youye:

I-II-II-#IV-V-VI-VII

‘Etotr 0 Nto AOBiog eivon: Nto - Pe - Mu - ®o# - Yok - Ao - Xt
INo tov Mi&oAlBLo €youye:

I-II-1II-IV-V-VI-bVII

"Etol 0 Nto Mi&olldioc elvan: Nto - Pe - Mi - o - Yok - Ao - Zib
Kou téhog, vy tov Adxpio €youpe:
I-bIl-bII-IV-bV-bVI-bVII

Kot étot, o Nto Adxplog elvaw: Nto - Peb - Mib - ®a - YoAib - Aab - Zib

0.2.2 Xvuyyopdieg xou Tovixd Kévipa

Me 10 Baowd ewpnuxd undPoadpo va éxel théov Yepehiwdel, ytopolue TAéov va etxevtipwIolUe GTO XOPUATL
e apuoviag Tou Vo Yog omacyoA)oEL TEPLOGOTERO TNV AVEALGCY) Hog. Oo UARCOUPE YLl THY TOVIXOTNTA GT1)
pouatx xou vl T xVpta atolyela Tou To yapaxtneilouy, Tic ouyyopdlec. Xtn cuvéyela, Yol YENOLLOTOCOUUE
aUTES TG 800 €Vvoleg Yol va Teptypddouue Tov Gpo Tou Savelouol cuYyopEdLY, 0 ontolog Bivel pa mo Eexdapn

EXOVA TOU Tw¢ Vot TEAUYUUTOTOLCOUUE TNV AvaAUGT LOC.

Tovixotnta

1N pouont|, XPNOLLOTOLOUUE TOV 60 TOVXOTNTA Yo VAl TEpLYPAPOUUE Eva GUGTNUO CUYYO0EBLOVY, AELTOURYLXE
ouuBotdy PeTal Toug, Tou Tpoépyovton and T pellova xar T eAdocova xhyaxe. Kdde tovixdtnta éyel pio
%evTph vota, Tou ovopdleton Tovixf [6]. "Evo poucixd xoppdtt propel vo elvon ot pellova tovixdtnta, o
ehdooOvVaL TOVIXOTNTA 1 OL Vo GUYUTdEYOLY XL T d00 eldn TovdTnTag. e auth Ty nepintwor, Aéye ot
TO TpAyoLdL ElvaL TNV TOVIXOTNTA TNG TOVIXNG, Yid TOEABELYpa, oV éva Tpayoudl €xel tovixétnta Nto, autd
onpaivel 6Tt avthel and v Nto peilova odha xat ) Nto ehdocova. Eva tpayoidt unopel va €xel neplocdteped
and W tovixotnteg. o mopddetypa, éva tporyoldt unopel va elvar oe Nto uellova, 1 Nto, yia to mpdta 16
pétpa, xou 0T cuvéyela va petofaivel oe o ueilova yia ta tedeutaior 16 pétpa. H evadhayn tng tovixdtnrag

evoc Tparyoudlol ovoudletar petatponio. Elvor mohd onpovtind vo uny cuvBEouPE TNV €Vvola TG TOVIXOTNTOS UE
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Aol CUYXEXEEVT) xAlwaxa 1) Tedmo. Mmopel var untdpyouv dBLdpopeg xAloxes xou TEOTOL TOU Y PNCULOTOLOUVTOL

o€ €vaL TPayoUdL, ohAd To X0pLol GUCTATIXG TTOL UTOBNAWYOUY TNV TOVIXOTNTA TOU, ElVaL Ol GUYY0pdleS.

Elvow onpavtind vo emionudvouye 6T 0 Tpoodloploldg TG TOVXOTNTAS EVOSC HOoUoIX0) 070U UTOREl Vo TEQLEYEL
%ol xmola UTOXEWEVIXOTNTA.  20TH00, AUTH N UTOXEWEVIXOTNTA Topouctdletal o cuyxexpuéva {IntrhuaTtd,
OTWE OTOV EVTOTOUS Tou axplBéc onpeiou mou Eexwd wior oy Yetatpomia j 6TOV TEOGBloploRs EVOS XOU-
poatiol we patldpe 1) Uivope, O TMEPINTWOT MOV ToEOUCLAleL oTolyelo oL amd T BUO OPUOVIXEC TOLOTNTES..
I topddelyya, xdmolog unopel vo toyvplletar dtL éva tparyoldt Beloxetoan oe Nto ueilova, eved xdmotog dAlog
unopel va utootneilel 6T To Blo Tparyoldt Beloxetan oe Aa eddooora, Ty oyetnn eAdocova tne Nto pellovog
(Exer oaxpiBde Tic Bieg ahhoudoels 1 ahhiwe, othops). Ilapbho TOU TO CUYKEXPUEVO YAUPOXTNEG TIXG ELOGYEL
€vay ToEdy ovTa Ao TadELoG 0TV AVEAUGT] G, TO YEYOVOS OTL UTOPOUUE VO EX TWV TROTERWY VAL AVAY VORICOUUE
oUTEC TIC OLPOPOVUEVES TEPITTWGCELS avdiuong uag SBefoucdvel TL Unopolpe Vo dNUIoueYNoUPE €val GUVOAO

Bedouévmy aviexTind oe téTolou eldoug acdpeLo.

‘Exovtag mAéov opioel 10 Tt XAAOUUE TOVIXOTNTO EVOG TEoryoudloy, o EpEUVHCOUPE TO XELTHPLA TOU TEEMEL Vol

IXUVOTIOLEL €Val GOVORO GUYY0ROLOY €10l (aTe vou Aéue 6Tl xardopllel uiot cUYEXPUEVY TOVIXOTNTA.

3T cuYYOoEdLLOV

e mpoNYOoUHEVY) TAEAYEUPO, YENOWOTOMoaUE TNV évvola Twv Paduldwy yio va yapaxtneloouye tig Yelloveg xou
ehdooovee xhlpoxec. Avtiotolyeg odAnhouvylec Baduidwy unopolv va 0ploTody ot 6TNY TERITTHON TV TEOTWY.
Kérde téroio ahhnhouyio anoterel Ty TautdTnTa TOL *ddE TEOTOL H MAipaxac. e xdde Pordulda uiog ahlpoxac,
UTOPOUUE VoL AVTLOTOLYICOVUE Xou Wi ouyyopdia. ITpdxerton yioo Tnv ouyyopedia tou oynuatiletar and Ty TEMTY,
v teltn, TNV Téunty xan Ty €BJour véta e xdde Paduldac. To clvolo auT®Y TV GUYYOEBLWY, dTWS XL OL
Borduideg, yopaxtneilel Ty xhipoxa and tnv onola mpoxdnTeL, Xou anotehel To x0plo GUCTAHN CLUYYOEJUY TNS

TOVIXOTNTOC OV EIVAL GUVUQACUEVY) HE TNV XA{poxaL.
Do topddetypa, oty xAlpoxa Nto peillova,

Nto - Pe - Mi - ®a - Yok - Ao - X

oL avtiotolyeg Poduldec elvou:
I-II-1II-IV-V-VI-VII

H ouyyopdia mou avtioTtoiyel otnv npdtn Poduido tne xhigaxog elvon 1 Nto - Mu - Yok - X, ) Cmaj7. To C
umodeviel e medxettan Y Nto uellova ouyyopdia (uetllova tedda, ol 8o mpdtee véTeg €xouv andoTao
800 tévwv xau 1) Bdeltepn pe TV Tplty, andoTacT) evoe TOVOU xan evée nuitoviou), ue ueydhn €BSoun (maj7),
OVOUPEROUEVT] GTO SLAGTNUO TNE TR TNG VOTAGC TNE CLUYY0pdlag Ue TNV TéTapTr, 6Tou elvar 4 Tdvol xat Eva NULTOVLO.

H ouyyopdio tne mpdtne Baduidag xdde peilovae xhipaxoc elvan wa peillova ouyyopdio ye wa peydhn €3doun.

H ouyyopdio mou avtiotoiyel otn devtepn Poduido tne ahipoxas elvar  Pe - ®@a - Ao - Nto, 4y Dm7. To Dm
onuaiver 6TL pdxeLTaL Y1 pE EAACTOVH cLYY0Edl (ENdoTOVA TELEDA, oL 300 TEMTES VOTES €XOUY ATGGTACT) EVOS
évou xau evoe nuitoviou xau 1 dedtepn pe TNV Tpltn, andoTact dV0 TOVKY), UEe Wwixpt BSoun 1 anhd éB3oun
(7), evvodvtaoce 1o Bidotnua YETHED TNE TEMTNS ot NS TETAPTNS VTS TNe ouyyopdiac, émou eivar 4 tévoL.

H ouyyopdio tne debtepne Baduidac xdlde peilovag xhipoxag elvar yio ehdocove cuyyopdio e uxpr| €Bdoun.

Yy teltn Baduida e pellovac xhigaxoc avtiotouyel enione eAdocova cuyyopedia ye wxpn €Bdoun. Xtnv
nepintwon e Nto auth eivan 1 Em7 (M pivépe 7).
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Yy tétaptn Podpida tng peilovog xhipoxag éyoupe SN wo pellova ouyyopdio ue weydin €3doun, otnv

neplntwon auth Ty Fmaj7.

Mot toA0 onuovtixy Baduido e pellovag xhlpoxac eivon 1 néuntn. H ouyyopdla mou mpoxintel and v 57
Borduido elvon wior petlovo cuyyopdio we wxpn €Bdoun, 1 wa deondlouca cuyyoedia, ovouacio Ttou npoépyetal
amd Ty VPNATY appovix tne évtaon. Mo deondlovoa ouyyopdia cuvilwe xaToAfyEL oTNY TEWTN TNE XAlwaxag
o€ BLdoTNU BUGULOL TOVKVY TEVK 1| TEELCHULOL TOVWY XATw, Tpaypatonolwvtas plo "téiela ntwon". Onwg Yo
0o0UE XL OTY) CUVEYELX, TO TUPATEVL dev amotehel xdmolov anapdBato xavove oTny Youoxr clvieor. XTo

TUEABELY S Lag auTH 1 cuyyopedia elvon 1 Yok - Xt - Pe - ®a, ¥ GT.

H ouyyopdio tng éxtng Paduidoc elvon oxdun wa eAdocova cuyyopdio ue wxper| €Bdoun, oty neplntwon auty
n Am7.

Ko téhog, 1 ouyyopdla mou avtiotolyel otny €Booun Boduida elvon wia eAdocova cuyyopdla, ue Opeon otny
néuntn (Snhodh oty tplitn véta e ouyyopdiog) xou wixer| éBSoun, 1 ahhitde, wio EAaTTwUéVn ouyyopdio e
wxen €BSoun. v whipoxo Nto pellova, auth 1 ouyyopdio eivar  Bm7(b5).

‘Etot, 10 0T twv cuyyopduwy tne uellovag xhiuoxag elvon to e€ng:
Imaj7 - IIm7 - IIIm7 - IVmaj7 - V7 - VIm7 - VIIm7(b5).

Xernotponoldvtog Ty (Blot Aoyixy, unopolue va Bpolie To oeT cUYY0pdLKY Yo xdde xAlwoxa 1 tedéno. Trdpyouv
%o xdmotal Ao Booixd oET oLUYY0EBLDY Tou Va wag Govoly TOAD YEHoWA OTHY AVEAUOY) UAC, QUTE TNG PUOLXNS,

OPUOVIXTC O HEAWDIXNC EASCCOVIS HAUOXIC.

It to abvoho cuyYYoEdLOY TNE PuoXc EAdooovaS Xhipaxac, talpvouue TNy teplntwon e Nto guoric ehdo-

covag xhipoxag xou Twv avtiotolywy Poduidwy tng:
C-D-Eb-F-G-Ab-Bb
I-II-bII-IV-V-bVI-bVII

H elpeomn tou 6eT oLYYOEOIOY TNE QUOWTC EAdocoVAS XAldoxag YiveTtar omhn, av Juundolue 6TL 1 puoxy
eNdocova xhipaxa eivan, oty mporypaTixéThTa, 0 Atohxde tpéTog (0 éxtoc tpdmoc tne pellovae whiponog).
‘Etot, v va Bpolue to 6eT ouYYopedldy TN amhde Eextvaue and TNy Xt ouyyoedio Tou CET CUYY0EBLKY TNG

uetlovag xiipaxoc. ‘Etol éyouye:

Im7 - IIm7(b5) - bIIImaj7 - IVm7 - Vm?7 - bVImaj7 - bVII7.

Kdvovtoc tic xotdAAnAes Tpocaployés Unopolue Teo Vo BpolUe TO GET GUYYO0EOLOY NG UPUOVIXAC EALCCOVAC:
Im(maj7) - IIm7(b5) - bIlImaj7(#5) - IVm7 - V7 - bVImaj7 - VIIdim?7

Bhémouye 6Ti undpyYOLY XATOLEG CNUAVTIXES BLAPOPES PETAED TWYV GET GLY Y0PV TN QUOLXAC XL TNE UPUOVIXTG
eANdocovog wApaxaC.

Auto elvan amotéheopa g odhayic e Tne Poduidoc, dmwe avagépope vwplitepa, and €BBoun ue Ogeorn oe
puoixt| EBdoun.

ITio ouyxexpwéva, otny Tpdtn Baduida to Im7 yetatpénetoar o Im(maj7), xadde n Boaduida tou ennpedleton

elvaw m 4n véta g ouyyopdiog, N To 7.
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H bIIImaj7 petatpénetar oe bIIImaj7(#5),6mou npdxeitan yio v B pellovo ouyyopdia, pe pa oZupévn xatd

€va NUTOVLO TEUTTY), xodde 1 Parduida mou ennpedleton elvan 1 3n véta tne cuyyopdioc.

Ytn ouvéyewa, 1 bVII7 yetatpénetan oe VIIdim7. O yopoxtneiopds dim7 onuaivel mwe medxetton yiow diot VIi-
vouita ped’eBdoung, dnhadr wa eEAaTTOUEVN TELEB axolovBoluevn and uio uxet| €BBoun. Xe uio eEAATTWUEVN
TELda, oL 500 TEMTES VOTEC €YOUV ANdCTUOT EVAULOL TOVOUL, OIS XAl 1) DEUTERY Ue TNV TElTN, eVe 1) TETapTN
véta e ouyyopdlag etvon wio EBBoun pe Sk Gpeon (bb7), anéyel dnhad éva Sidotnua EBSouns eEAUTTWUEVNS

(4 T6vewv xou evdc Nutévou) and 1 pila e ocuyyopdiac.

Télog, ®EVOUUE TIC ATUPALTNTES TEOCUPUOYES Yiol VoL BPOUUE TO GET GUYYOEDLOY XoU TNG HEAWBIXAS EAICGOVOC

Ao

Im(maj7) - IIm7 - bIlImaj7(#5) - IVT - V7 - VIm7(b5) - VIIm7(b5).

0.2.3 Aavelopog vy oediny

Ta cet cuyyopdldy oL TEpLYpdPaue TaPATdVEL, GUYVE AELTOUEYOUY WS TO aVOYVWELOTIXG oTolyelo Ylo TNy
TOVIXOTNTOL TOU UTOBEXVOETOL Omd TNV XA{doxo mou mpoxUnTouy. Autd Bev onuaivel dti éva tpayoldl mou
Beloxeton og auth TV TOVIXOTNTA Yenowonolel cuyyopdlec povo and To Bixd TOU CET GUYYOEOLOV. XUV
UTOEEL €Vl LOUOIXO XOUUATL VoL EVOWHATOVEL GUYYO0EDIEC EXTOS TOU OET GUYYOEDLOY TNE TOVXOTNTAS TOV, Ywelc
autd vo onuaivel g €youue yetotpomion. Autd yivetar p€ow BSaveloPoU GUYYOEBLWY amd GET GUYYOEDLEOY
GARWY, AELTOVEYIUE CUVAPEY, XAEAWY, XKoL ETOUEVWS TOVXOTATWY, YWelg Vo DlaTapdoeTon T1) ASLTOVEYIXOTNTA

e yevudtepng apuoviog tng olvieonc.

Trdpyouv deltxeg mou pag Bondodv va eviomicouue av uia cuYyoedia, 1 OelEd cUYY0EBLDY Elval ATOTEAECHA
€yxupou davelouol 1 medxelton Yo aAhoyY) Tovixdtntac. Kdde tovixdtnta umopel va davelletow cuyyopdieg
an6 GET GUYYOEOLDY CUYXEXPLUEVLY ToVXOTHTWY. Y Tdpyouv d0o eldrn davelopol cuyyopediwy tou opilouye, o

BLATOVIXOG oL O WUY] BLOTOVIXOC.

Aratovixde Aavelopog Tuyyopdidv

Me tov 6po Awtorikés Aavewopds Xvyxopdihy opiloude tov davelopd yiag ouyyopdiag amd Ty mopdhhnin
Tovo Tt auThg oty omolo Peloxduacte. Iopdhhnin ebvar 1 TovixdTnTa (Blog ToViXAC voTag, aAAd Slopope-
g appovixig mowotntog. o mopdderyua, 1 mopdAinin tovixétnta g Nto uellovag, eivar 1 Nto ehdoocova,

xou avtioTpopa.

Betoxopaote oty tovixdtnta g Nto uellovoc. ‘Onwg yvwpllouye, to oet cuyyopdidy eivar Cmaj7 - Dm7
- Em7 - Fmaj7 - G7 - Am7 - Bm7(b5). Xe auth v nepintwon, davelouds ond v mopdnin tovixdtnta
onualvel daveloudc and TNy TovxdTNTA TNE Vio ehdocovag. H tovixdtnta tng vio eldocovoc mepléyel Ta
OET GUYYOROLDY XAl TWV TELOY EAXTTOVOY XAPSXWV((Quohc, appovixic xat pehwdixic). Etol, n ouyyopdio
Ebmaj7, to bIIImaj7 ané to oet cuyyopdudv tng Nto guourc ehdoovag, unopel vor unv avixel 6To GET GUY-
yopdidv tne Nto pellovag, ahhd Yewpeltar Statovixh ouyyopdia, Aoyw e TapahAniiog twv dUo TovixoTiTwy,
%ol ETOPEVWS Unopel va Bpdoet we doavexr) oe xdmoto xouudtt tou Peloxeto oe Nto yellova. Me tnyv (Bio Aoy,
UTOPOUUE VoL BavELG TOVUE GLYYoEdiec amd To Ghvolo GuYYoEdlWY TN vto uellovac, dtav Beloxduacte 6e VIo

eANdooova.

Yrig endpeveg evotnTeg, Vo 8OGOLUE EMTAEOV TaPUBElY T SlaTOVIXOU Savelouol auyyopdidy. Ilpog to napdy,

Yo avapepPolye 0To endeVo £lB0g BAVELOUOU LY YOEDBLOY TOU CGUVIVTHE.
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Mn Awxtovixde Aavelcprds Tuyyopdidv

‘Onwe pnopolye vo SavelaTolue cuyyoedlec and v mopdhAnAn TovixdTnTa oUTHS oTNy omola BeloxdUaoTe,
€T0L UTOPOUUE VoL BAVELGTOVUE GUYYOEDIEC oL Amd GET CLYY0EBLWY dAAWY xAudxwy. Tlponyouuévwe winooue
Yiol TOUC TEOTOUE, amd MOV TEOEEYOVTAL XoL Yiol TN YapaxtneloTixy axoloudia Baduldwy tou xadevédc. Enlong,
TUPAUECAUUE TO OET CLUYYOEBLOY TNG PUOLXTC EAACCOVAC, AVTICTOLYWOVTUC TO 0ToV €xto Tedémo e ueilovog
hipaxog 1 ahhidde, Tov Alohixd. Autd onpaivel Twe UTOpOUUE Vo 0plCOUNE OET CUY Y0PV Xou Yior x80e évary
and Toug UToAOLToUE TeoTous. O Bavelopds cuyyoeditv and To GET CLUYYOEBLWY TWV UTOAOLTWY TEOTWY TNG

uetlovag xhipaxoc, elvar autd mou xaholpue Mn Alotovinde Aavelopos Ly weddy.

Ou Eextvricouue BlvOVTag To GET GUYYOEOLOV TWV LTOAOTWY TEOTWY TS Uellovae xAlyoaxag. To va Bpolue To
xadévar, amAog Eexuvdye and Tt Barduida tne Ttovinhe xdde tpdmou, npocapudlovtac Toug aptduois Twv Baduidwy

X0l SLUTNEWVTOC TS TOLOTNTOC TWV CUYYOEDLOY (Bleg.

Eexwvovtog and tov Awpxd, Tov deltepo tpomo g uetlovag xAlpoxag, €youye:
Im7 - IIm7 - bIIImaj7 - IV7 - Vm7 - VIm7(b5) - bVIImaj7

T Tov Ppiyio, €youpe:

Im?7 - bIlmaj7 - bIII7 - IVm7 - Vm7(b5) - bVImaj7 - VIIm7

T tov AUBLo tpdmo, €youpe:

Imaj7 - 117 - IIIm7 - #Imaj7 - II7 - IIIm7 - #IVm7(b5) - Vmaj7 - VIm7 - VIIm7
Tt tov Mi&ohbBlo, €youye:

I7 - IIm7 - IIIm7(5) - IVmaj7 - Vm7 - VIm7 - bVIImaj7

Ko téhog, yio tov Adxplo, €xouye:

Im7(b5) - bIImaj7 - bIIIm7 - IVm7 - bVmaj7 - bVI7 - bVIIm7

Biénoupe mwe o aprdudc Twv cuyy opedlidy TOL UTOPOUUE €V BUVAHEL Vo BovELGTOUUE and Tal TOEATAVE GUVOA
elvon peydhoc. Ioapatnpolue enlong mwe undpyouy apxetéc Paduidec ue xovh moldtnTa cuyyoEdlag, dTWS Yia
napdderypa 1 deltepyn Baduida otov Awpxd xau tov MiEohGSLo Tpémo. XTny meayUaTixoTnNTa, 6ToY AVUhDOUUE
OPUOVIXA EVOL HOUGIXO XOUMATL, GUVOVTAUE UOVO UEPIXOUS omd Toug Blardéotuoug daveiopols. Autd mpoxintel
%xVplwg amd T HEAWBIKES WBLOTNTES TV TEOTWY, Xl and TOV TEOTO Ue ToV omolo auTol }pNoloToloUVTAL OTOV
autooyediaoud. Ol davelopol TOU AMAVTWVTAUL GUYVOTERA, Xl TOU Vol YENOULOTOCOUUE YIol TNV HPUOVIXY

AVEAUGT] TV XOUHATLOY TOL GUVOAOL BedOUEVKV Wog, elval ot e€ng:
Ané tov Awpixd: - VImT7(b5)

Ané tov $plyro: - blImaj7 - Vim7(b5) - VIIm?7

Ané tov Abdlo: - #IVm7(bb)

And tov MiZolbdio: - ITIm7(5) - bVIImaj7

Kou ané tov Adxplo: - bIIIm7 - bVmaj7

TNt mapdderyyo, o dewproouvye €va xopudtt mou PBeloxetan oe Nto ehdooova. ['vwpllouvye 6Tl wiar wivope
TOVIXOTNTO, OVTAEl O TAL OET GUYYOEDMY Ko TGV TELOV EAACOOVOV XAUEXOY (QUOLXT|, OEUOVIXY XoL UEA-

wdx). 'Eotw moe éyovue tnv ouyyopdio Dbmaj7, n omola odte avixel ot xdmowo and 1o Tpoavapecdévta
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OET LYY 0PIV, 0UTE o aUTéd NG TaEdAANANG Xhipoxos/Tovxdntog, dnhadh tne Nt pellovoc. Emopéveg
TEoXELTal Yo Ulor U Statovixy] ouyyopdia. ‘Ouwe, 1 ouyyopedlio Dbmaj7 uropel va Peedel oto oet quyyopdidv
tou Nto @piyiou tpénov, we to Vgeon d0o (bIImaj7), xou elvon mpdypott pio and Tic cuyyoEdies oL eupavi-

Covtan cuy VA OE TEPLITOOELS (U1 dlatovixol davelouol. Enopévwe 1 Dbmaj7 avaibetor w¢ bllmaj7.

M Sratovixég cuyyopdieg xou Asttovpyieg

IMnoidlovtoc Tpog To TEhog AUTAC TNS ETLOXOTNONG TNE LouoxTric Vewplog xou appoviog Tou amoute{ton yio Thy
oLVEyeLd, Yol WAHOOUPE YLl UEQIXE OXOUT] AEUOVIXE OTOLYELN TTOU GUVAVTAUE XOTA TNV AVAAUCY) TWV TEAYOUDLDY
OTO TPOTEWOUEVO GUVONO SeBopévwy. Autd aopolv cuyYy0edlec ToL BEV AVAXOUV GE XATOLO GUYXEXPLUEVO CET
CUYYO0EOLY XAl EMOUEVLS TOVIXOTNTA, GAAS XPNOWOTOOUVTOL, UEGE) CUYXEXPULEVGY XOVOVKY, YLOL VoL ELTAOUTI-

COULY TEEETAlPW TNV pHOVid XATOLOU XOPUATION.

H Acvutepebovoca Asonofovoa

To npwto otoiyelo oTo onoio Yo avapepdoiye elvar 1 Aeutepetovoa Aconélovoa cuyyopdia. Nwplitepo avopep-
Urpape ot deondlouca cuyyopdio, we TN cuyyoedia tne Sng Baduidoc tne pellovag xhipaxas. Avapépoue 6T
npoopépel UPMAY apuovixt| évtaot xat cuviieg axolovdeiton omd Ty cuyyoedia g TenhTng Baduidag Tne xAi-
pooe, andotacy dudulot Tévwy Tpog to Téve (R 4th tpoc ta mévew) # Teetool TEveY Tpoc o xdtw (Sth

TPOC TA XATW).

Acevtepetovoa Aeondlouoa, elvon pio deondélouca cuyyopdia mou Peioxeton Eva JdoTNU TEUTTNG Tdve (H €val
Bidotnue TETdpTNS *dTw) and onoadrinote cuyyopdia. OuolaoTtind, 1 ouyyoedia tov énetar pLag AeuTepeoUCHS
Agonolovoag, AelTovpyel oay TOmxX TEWTY, e TOV (Blo TEOTOU Tou 1) TEAYHATiXY) TEMTN éneTal cUVATWS TNG

TEAYHATIXAC TEUTTNG TNG TOVIXOTNTIC.

‘Eotw nwe Beloxdpacte o Nto peillova tovixdtnto xon cuvavtdue ) ouyyopdia A7 (Aa efd6ung, B deond-
Covoa). H ouyyopdia auth dev avixet otny tovixdtnta 6mou Beioxduacte, oUTe 6NV TapdAANAY Tne, dnhadi
N+o ehdocova. H véta Aa éyel andotaon 3,5 Té6vwv ndve (dnhadh téuntne) and tn véta Pe, n onola sty Nto
petlova elvon 1 deltepn Padulda ye cuyyoedioc tny DmT7. 'Etol, n A7 unopel va yapaxtnelotel Seutepebovoa
deonélovoa g devtepne, 1 o, to "mévte tou 00" (V/II). To va elvan wa ouyyopdla Asutepebovoa
Aeonélovoa, dev elvon anapaitnTo vo amotehel Tny méunTtn wovo xdmotag Swtovixric ouyyopdioc. TToAd cuyvd,
oo XoppdTia Tou Yo e€etdoouye, ouvavtdue xon Acutepevovoes AeondlouceS GUYYOEDOLMY TOU TPOEPYOVTOL
ané un dlatovind daveloud. Xuyvd enlong yenoldonotolvial xou alucideg Sladoyxdyv Asutepevouctv Aeoto-
Couvadov ouyyopditdv. Lto mopandve mopdderyua, ot E7 ouyyoedla (wo 5n méve and v AT), da avahudtoy

w¢ deutepedouoa deondlovoa tne AT.

Suvidocg, wo Agutepebouso Aeonélouca Aivetal o cuyyopdia mou utdpyet éva didotnua Téuntne xdtw (1
éva 4th néve) and exelvn. Qotdoo, undpyouv nepntdoelc dtou wa Acutepebovoa deonélovon dev emhbeTon

xad6hov, dnhady) dev Eyel cuoyétion Ue T cuyyopdla Tou axoloudel.

Sub - Avtixatdotaocrn Asondélovcog

O debtepog xan tehevutaiog TOmOC Un Satovixfic deondlovcas cuyyopdlac otov onolo Yo avagepdolue, eivou
N avtxotdotaoy deonolovcoc. Avtixatdotoaon deonélovoog oplletan 1 deomolovca cuyyopdla Tne onolag 1)

pila Beloxeton éva NuITOVIO Ve and ) cuyyopedio oty omolo Aoveto.
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Emotpégovtog ato moapddetypo e Nto peilovog, 9éhoupe va Bpodue tnv avixatdotaoy tne deonolovcos tne
Cmaj7, dnhadni e npwtne. AvePBaivovtog 1 nuitdévio and ) véta Nto, éyovue tn vota Db. Autéd onuaiver, 6t
n avTixatdotaoy deonélovcoc g Cmaj7, elvar 1 Db7. H cuyyopdia mouv avuxothotd n Db7 elvan ) méunt
e Cmaj7, dnhady n G7. TV autd, hoindy, 1 ouyyoedio Db7 cuuBoiiletoan we "sub V7/I" oty avdluon,
delyvovtog €10l Twe avTohotd TNy TEUTTY TNE TewtNng. Me auth Aoyuxr, UmopolUe VoL €Y0UUE aVTIXATACTION
deomdlovoac yua xdde deondlovoa cLYYOoEdi TOU UTOPOVUE VoL CUVAVTACOUUE OTNV GpUOVId, OXOUO XOL Yiol
Ghhec avtixataotdoelg deonolovo®y ouyyopedidy. I mapddelyua, n deutepetovoa deomdélovoa g DbT Tou
napadelypatog etvon  Ab7. Av 9éhouyue va Bpolue tnyv avtoatdotacn e Ab7, anid avePaivouue éva nuitdvio
an6 to Pe Ogeon, ot ouyyopdia D7. 'Onwe xaw oty nepintwon tng deutepedovcog deondlovoag, Unopel vo

UTBPY0UV 0L TEPLTTMOELS OTOU 1) avTixatdoTtaoy (og deomdlovoag dev emhleton xaddiou.

To Xyetwxdé Avo

e auté to onuelo Ya avapepBolue otnv €vvola Tou oyeTixol 800, TL onualvel, xou ndte Ypnowonoieiton. I

VO XOTUVOHOOUPE TNV €VVOLOL TOU GYETLXOU BUO0 TEENEL VAL XAVOUUE Wla GUVTOUT] AVapOpd GTLC TTOCELS.

ITtwon elvon pior ahkhnhouyio 800 1) TEELOCHTERWY CUYYOEBLOY TOU OAOXANEWVEL (Lo QEACT), évar TUAU 1 €va
pouotxd xoupdtt [3]. To Boaocixd dopxd otoryeio e clyypovne poucinic xou Wiadtepa tne ol pouotxnic, elvon
n ntwon II-V7-I (Abo - TIévte - ‘Eva). Eivar o mo cuvnhiopévoc tpénoc pe tov o oddnlouyio ouyyopdudv
unopel vo Audel oty mpdtn. H mpdtn, pnopel vo elvon 1 mporyotiny} mptn cuyyoedla eVOg GET GUYY0EBLMY TNG
TovxoTnToC, N uropel va elvon onotadrimote dhAn cuyyopdio Ty omola, Yio Eva GUVTOUO XOUPATL TOU Tpayoudloy,
Yewpolpe we tomnd tpdtn (cuvidune Aoy vnapéne xdmowue Acutepebousac f Avtxatdotoone Acondlovoug).
‘Eva mopddetypo elvon autd mou yenotponoiooue xat yio vo e€nyiooupe Ty (Bio T Acutepebovoa Aconélovoa
ouyyopdio. Xe exelivn v nepintwon, elyaue Ty Dm7 xo ) Acutepetovoa Aeondlovsd g, v AT7. Autég
ol 800 cuyyopdies eivar ovotactind to nevie (V) xou to éva (1) tne ntdone II-V-1. Tt cuyxexpiuévn nepintwon,
1o II pnogel va elvon onotadrnote cuyyopdia dedtepne Baduidoc TV GET CLUYYOEBLWY TOU €YOUV KC TEMTN TN
véta Pe. Auté onuaiver, Em7 (oné to oet ouyyopdidv tne Pe pellovag) A Em7(b5) (and to et ouyyopdicdv
e Pe ehdooovag). ‘Etot, 1600 1 Em7-A7-Dm7 600 xou vy Em7(b5)-A7-Dm7, anoteholy II-V7-I ntdoeic.

‘Etot, €yovtog ewgdyel tnv évvola Tou 800 oty apuovio, unopolue vo wikficoupe yioo o Myetuxd Avo. Xe
ToANEC TepInTOOELS, avtl Tou mpaypatixob V7 tou I, ypnowonotolpe tonyv avuxotdotacy tou. Autd onuaivel
6t otny nepintwon rou 1 I elvon 1 ouyyopdio Cmaj7, n avuxatdotao deondlovsug tou (subV7 /1) Yo elvor 1
Db7. Auté pog mopéyel pepixéc emhoyéc 600V apopd to mota ouyyoedia uropel vo nailel Tov pdro tou II otny
ntoon. H npdtn emhoyn eivan va ypnoiponotjoouye xdmolo xavovixd 11 tne Cmaj7, dniadn eite tnv Dm?7, eite
v Dm7(b5). H 8eitepn enthoyy elvon va ypnowponoticoupe ) ouyyoedia tou do ftay to 800, av 1 cuyyopdia
Db7 ftav to mpaypatind TEVIE, avTl Yol AVTIXATIOTAOT. LT CUYXEXQWEVY TEp(TTwon auTy| 1 cuyyoedia elvol

n Abm7 (4 Abm7(b5)) xou ovoudletar Xyetikd Avo tou CmajT.

Enexteivovtac autdv tov xavéva, unopolue va avahbooupe xdde un diatovixr] ouyyopdia mou mailel to pdho
tou II ot II-V-I ntdoelg, wg Lyetxd Ado. Auth n cuyyopdlo meénet vo elvon elte pvdpe pe wxer| €Bdoun
(m7) eite ehattwpévn ued’efdounc (m7(b5)).

Mrn Awxtovixég Ntipivouiteg

Y10 tehevtalo UEPOC QUTAC TNE EMOXOTNONG TWV OMORUiTNTWY HOVGXOY Xovdvwy ou Jo ypelaotolue, Yo

oulnthoovye tic un dtatovixée viymvouitee. Tponyoupévwe, UAGOVTAC Yot TO OET GUYYOREOLWY TNG JPUOVIXTC
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ehdoocovag xhlpoxag, cuvavticoue tn cuyyoedio VIIdim?7, xaw tnv yopoxtnelooue w¢ viyvoulta, A viiuivoulta
ued’eBdéunc. Auth 1 ouyyopdia elvar 1 wovadixy Statovixd| vTvouita cuyyoedia Tou cuvavtdye. Qotéoo,
OTAY AVAAUOVTOC HOUCIXE XOUUSTIOL CUVOVTRUE OEXETA GUY VA VTLULVOULTES, TTou Bev opllovTal e XEmoLoV TpOTo

OTNV TOVIXOTNTO TOU PELOXOUACTE.

Mepuée (opéc, autd umopel vor UTOdEVOEL ol ETEpYOUEVY ahharyh) TovixoTnTaS. AAAG UTEPYOLUY OpLOUEVES
VTLILVOU(TEC TOU, TUPOAO TIOL BEV AVXOUV AUOTNEE OTNV TEEYOUCA TOVIXOTNTA, UTopoLY Vo Yenolonondoly
na(lovtag T0 pdAo xdnolag deomoloucas GUYYoedlag 1 ATAME YLol Vo TpOGVEGOUY XdmoLo VT GTHY opUovia

TOU XOUUATIOV.
Ot pn SLotovixnée VILLVoulteg mou elvat SuVITd Vo EUQAVIOTOOY GE Uiol TOVIXOTNTA ELVaL OL:
Idim7 - #Idim7 - #IIdim7 - bIIIdim7 - #IVdim7 - Vdim7, #Vdim7 - bVIdim7

Av, v napdderyua, Bploxdpactay otny tovixdtnta e Nto uellovag, oL anodextéc un Slatovixég vIplvouiteg

ouyyopdlec Yo Arav:
Cdim7 - C#dim7 - D#dim7 - Ebdim7 - F#dim7 - Gdim7, G#dim7 - Abdim?7.

‘Etot, ohoxAnewvouye 1o Poaoind pouoixd undBadeo mou anontelton Yo THY XATAVONCT| TOU ETOUEVOL XEQIAALOU,

e Sladuxaciag NS ApROVIXAC AVEAUGTE TIOU YENCULOTOLUNXE GTA TEAy0UBIoL TOU GUVONOU BEBOUEVKV.

0.3 To Dataset

0.3.1 Emoxonion tou Dataset

Ye auth v evotnta Yo e£eTdo0UYE T TPocEXTIXE TO TeoTelvouevo dataset. Oa EextvATOUUE WADYTOG Yiol TNV
YN and Tty onola tpoépyeTon To TEpEYOPEVO Tou VYo Yécouue Tpog avdiuc, To Real Book of Jazz, xadde xou
T XpLTApLoL BLHhOY NS TTOU EQUOUOCOUE XATE TNV AVIANCT oWTO) TOU TEPLEYOUEVOU LOUGIXMOY XOUUATIOV. TN
oLVEYELN, Yol TUPOUCLACOUUE GUYXEXPLIEVES TIEQLTTMOCELS AVEAUGTC TIOU (POVELKVOUY TOV TEOTO UE TOV omolo

e@apubéoaue To uéPotpo TNg TEoNYOUUEVNS EVOTNTAC TNy Uedodoloyia Hog.

To Real Book of Jazz

To The Real Book of Jazz elvan piot cUAAOYY| omd TAETITOVREES YLAL T TILO YVWOTE X0l EXTEAECUEVOL XOUMATLOL TOU
peneptopiov e tlal, YVwotd xou ¢ jazz standards. "Eyouv undpel didpopec exdooelc tou Real Book, xdie pla
omo TI OToleg TEPLEYEL OAA TAL XOUUATIO TOU UTEY AV OTLC TEoNYOUUEVES exdboelg, woll ue pepés tpoodrxes.
To mpdto BiBiio, mou dnwouveydnxe and dVo oitntéc tou Berklee College of Music, ftav éva eyyepidio
nou dnwovpyinxe pe oxond va toug Bondioel ony YEAETN TV xopuaTidY autdyv. Ot maptitolpeg elvon oe
poppth "odnyol", 1 lead sheet, mpdypo mou onuoivel Twe TUPEYOLY ATAWE TANEOPORiES Yiol TNV opUoVio Xal
™V HEAWd{o Tou xopuaTiol, Ywelc vo utodewrvbouy otolyeia OTWE 1) EVopY o TEWOT), TEdYU Tou BeATioToTOLE
onpovTixd T dtadixacion Tne WEAETNG, aAAd xou T avdiuone. H dnpotixdtntd touv auvERdnxe té6c0 yeryopa,
ote ohvtopa éyve o Pooixd BoRdnua yio 6houg Toug tlal povoxoie, tpotold tehind exdolel xar enlonuall].
To dataset to omolo nopoucidletar elvon pior evpeior emAoY” xoupoTdv Tou undpyouv oto Real Book of Jazz

Volume 5. To eméuevo Brua wog elvar va xoadoplooupe Tar xplthiplol aUTHS TNE ETAOYTC.
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Ketthpia xaw Appovixry Avdiuvor

It var Sleuxplvicouye tar xpLThpLol YLoL TNV ETLAOYT] TWV XOUUOTIOV, Teénel va yivel Eexdiopo to Tl Py vouue dtov
avolouUEe appovixd Ui cOvieoT. Xtoyog Wog elvon va doxplvoupe To dldpopo ToVixd x€vtpa Tou unopel va
epavilovTtal 6To XOUUETL, UE TETOLO TEOTO MGTE TO UTOTENEGHUA VO TAUPEYEL OUCLAOTIXG OPUOVIXO TIERLEYOUEVO.
Elvar moAd onuovtind 1 avdhuon PaC Vo OTOTUTWVEL TNV opUoVLXY) oY) TOU Xopuatiod e 660 To BUVITOV
neptocdteprn axplBeo. H unepevonodnota ¥ un avtomdxpeion oe tovixés ohhayéc UTOpel Vo ELGAYEL ONUAVTIXY
uepoAndla oto TeAixd oOvoro dedouévmv. Ltdyoc elvar 1 660 TO BuvaTtdy EYYUTERYN TEOGEYYLON TNE avlpdTvVNG

avtiindne e appovicc. ‘Etol, Baclooye tnv emAoyh xou TNV avEAUOY TWV XOUUTLOV GTol axdAouda XpLThpLo.

Apywd, énpene vo anoxheloovpe cuviéoelc mou dev undyovtal oTov TONO apuoviae Tou meptypddope oTNY
nponyolpevn evotnTa. Auth 1 nepintwor apopd xouudtia aTo omolol Sev XAMEPHVETOL XATOLO GUYXEXPLUEVO
TOVIXG XEVTEO, Yiol tXavl Bldotnua xou Ye TéTolo TpoTo €tol hote va elvan Eexdibopo otov axpoatr. Tétow
xopudrtior yopoxtnellovton and auth TNV EAREWPN POV TOVIXOY XEVTP®Y, ETOUEVLC 1) TpooTdlela Eviagng
toug Yo épepve onuovte| aBefudtnta 6To TEAS anotédecpa. Elvon onpoavtind va unv cuyyéoupe outég Tic
TEQINTAOOELS PE EXEIVEC TWV XOUHATIOV TOU TepVoUV ond dpXETE, oAN BlaxELTd TOViXd xEvipa. LTNny SeUTEEN
nepintwon, unogel vo unv elpaote o VEom vor VeWEHOOULYE L0l CUYXEXPULEVT] TOVIXOTNTA (S TNV LOVAdIXT) TOU
xoppatiol, ahhd ol ohhay€g HETAED TwV BlaPdEmY TOVIXOTATWY elval AVTIANTTES OO TOV OXEOUTY oL YENOUES
otnv avdhuon. Auto pag gépvel oTn deltepen xateLuvTiipla YeoET Tou axoAoudooue xoTd T oOVTAEYN auTOU
TO0L GLVOAOU BEBOPEVLY, TNV gvanaUnalor TG avEALONC Yoc amévavTl o8 TAVES PETATPOTIES 1) OTOLECONTOTE

OAAOUOTELS TOU TOVIXOU XEVTEOU.

‘Onwe avagépidnxe xar oc mponyolUevy mapdypago, elvar midovd vor UTEEYOUY TEPLTTWOOELS XOPUATILY TOU 1)
avélvuon toug mapouotdlel xdnoteg acdpeec. H apyn otnv onola Bascicope tnyv avdiuoy yog, Booiletan otny
avTiAndn Twv Tovixoy ®évtpwy and Ty pepld tou axpoaty). To avipodnivo autl yeetdletal cuyvd €vo OpLoPEVO
XEOoVIX0 BdoTnua yiot vor avTiAngel wior appovix| xivnon we ahhay Tovixol xévtpou. ‘Etot, xdnoeg obvtopeg
OLaPOPOTIOLOELS TOVLXOU XEVTEOL XaTd TN dldpxelo evog Tporyoudlol, dev unopolv va tadivoundolv we tétoleg,
AOY® NS Sudpxelds Toug XL Tou dppovixod TAociou Tou Tic TeplBdihel. AvtioTolya, OE XATMOIES TEPITTHOOELS,
oL opoLOTNTEG UETOED GUYYOEDLOY YELTOVIXMY TOVIXOTHTWY, TE(VOUV Vo amoxpUnTouy ohhaYES OTO OPUOVLXOG

TEPLEYOPEVO, TIOU Vot EMPENE GTNV TEAYUATIXOTNTA Vol VEWEOVVTAUL UETATEOTIEC.

Ipooeyyilovtac to apyxd clvolo dedouévwy Ye auTh TN vootponio, odnyndixaue otny TeEhxr emhoyy Twy
xoppatiev tou dataset. Auth n wopgy| neptéyel cuvohxd 260 xoupdtia, GA TOUC dPUOVIXE ovoAUpéva, xdde Eval
pe untodel&elg yior TNV 1 TIg TOVXOTNTES TOV, To PETEO 0To onolo xadiepiveton 1 xde TovixoTNTa Xau Evol opyelo
WAV, TOL TEPLEYEL WLl NYOYRAPNUEVY EXTEREDT] TOU XOpUaTIOoN. Oo TEOYWENCOLUE OTY Bladxacia apUOVIXTS
avaAUGNC, ToEoUCLAloVTaS PEPIXES YOQUXTNEIOTIXEC MEQIITWOELS XOUUITIOY, Tou Tepthaufdvovtor oTo Tehxd

oUVOAO DEBOUEVWV.

0.3.2 Ilepintwoeig Avdluong

Yy nopoloa evotnta Yo euxevtpwdolue otny appovixh avdluoT Tecodpwy xoupatiey tou dataset. Autég
Ol TEPLTTWOOELS AVIAUOTC AELTOURYOUY w¢ orueio avapopds yia TNy uédodo mou axoloudfooue Yo OAOXANEO
0 oOvoho dedouévewyv. H Soun tne avdluorc pog Vo eivon 1 e€hc. Apywd Yo napadécoupe tov odnyd Tou
xoppatiol, 6nne auvtoc Beloxetar oto Real Book of Jazz. Y1n cuvéyewa Yo e€nynoouvpue to oxentuxd niow and
TNV oEUOVIXT| O oVIAUGT), YLt XEVE Wia amd Tig GUYY0EBIEC TOU TEryoudLoU. XT1) GUVEYELX Vo YENOULOTOLOVTOC

oV (810 00NY6, Vo CNUELDTOVUE TIC BLAPOPES TOVIXEG TEQLOYES TOU XOUMATION, HE TOV (Bl TpdTO mov UmoEoLY
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eniong va Beedolv oTic eTiéteg Tou xoupatiol oto dataset. Ag Eexivicouue Aowndv pe v npddTn nepintwon.

ITepintwon 1: "There will never be another you"

To mpwto xoupdtl to onolo Ya e€etdooupe elvan to "There will never be another you", ypouuévo and Toug

Harry Warren o Mack Gordon. O odnydg tou xoupatiol galveton oto oyfua 0.3.1.

Apyind, oNUELOVOLUE OPIOUEVES TUPATNENOELS GYETIXE YE TOV 001Y0, oL ontoleg pnopel Yo anodetydolv yprowes
otnv avdivon. To yeyovog 6t n medtn xou 1 teheutaio cuyyopedio Tou Teayoudiol eivon wa Mt Ogpeon pellova
ouyyopdio (Ebmaj7), Seiyver nwe 1 tovixdtnra M Ogeor pellova evdeyouévwe moiler xevipixd pbho oTo
xoppdtl. Autd Bev oylel ndvta, xododg qUTH 1] CUYXEXPWEVY cuYyopdla umopel vor UTOBNAGVEL €vay optdud
OPAETAV DLAPOPETIXDV TOVIXOTHTWY, UAAS pog Tapéyel €va xahd onuelo exxlvnong yio Ty avdivon. T'a Adyoug
euxohlog, mapadéTouue To OET oUYYOEDLOY TN xAluwaxag M Upeon peilova, xadde xan autd TG QUOC,

APUOVIXNG Xl UEAWBIXAC EAAOCOVAG.

M. Ogeon peillovo: Ebmaj7 - Fm7 - Gm?7 - Abmaj7 - Bb7 - Cm7 - Dm7(b5)

M. Ggeon puowh eddocova: Ebm7 - Fm7(b5) - Gbmaj7 - Abm7 - Bbm7 - Cbmaj7 - Db7

M. Ggeon appovix| eNdocova: Ebm(maj7) - Fm7(b5) - Gbmaj7(#5) - Abm7 - Bbm7 - Cbmaj7 - Ddim7
M Ogeorn pehwdnf ehdooove: Ebm(maj7) - Fm7 - Gbmaj7(#5) - Ab7 - Bbm7 - Cm7(b5) - Dm7(b5)

‘Etot, Eexwdye avalbovtae ty ouyyopdio Ebmaj7 twv mpdtwv 2 pétpwy, we to Imaj7. ¥to tpito pétpo,
Beloxovye dhAn piat, drotovin oty M Ogeon peilova tovixdtnta, ouyyopdia, Ty Dm7(b5), 1 onolo avokde-
Tou edxoha we to VIIm7(b5). H enduevn ouyyopdio npdxeitan yio deondlovoa, tnv G7b9. EdG afiler va
onuewdoovpe 6t to b9 "igeon evrid”, eivan pla eméktaon ovyxopdiag, wa emniéov vota Tou npoctileTton ot
oLYY0EdLaL, YLOl VAL TPOCPEREL TEQUUTERL OPUOVIXT] EVIUOT. LT CUYXEXPWEVT TERIMTWON, 1) ETMEXTACT] AVOPERETOL
otny évatn e ouyyopdlaug, 1 onola Beloxetan oe dlaotnua plog oxtdBag xou wlag vétag néve and Ty Ted
e ouyyopdloc, ™ vota Xod. ‘Etot, oty neplntwon e G7, to b9 elvan 1 véta Aa Upeon (n 9n tou Lok elvan
10 Aa, enopévec to Ao Ogeon Yo eivon To b9). Ou mbavée enextdoeic nou pnopel vo AfeL pia ouyyopdia, etvar
N évat, N evdéxatn xou 1 déxatn teity véta/Poduida tne. H npoodinn enéxtaone dev odhdler v appovix
Aertovpyela Tne ouyyopdlac. ‘Etol, emotpépovtog 6To nopddetypd pog, Yo avtiyetwnicovye tn ouyyoedia G7b9
oxpBg dmwe Yo avtietonilope wa ouyyopdia G7. Iapatnpolue ebxoha TwS 1 GUYXEXPUIEVT cUYY0edio dev
Beloxeto oc xdmolo amd o GET BATOVIXDY TwV cuyYoedidy e Mi Ugeon. Q2otbdo0, dedoyévou 6T TpdXELTUL
yio deon6lovoa ouyYoeEdia, TEETEL Va EAEYEOUNE To EVOEYOPEVO Vo Elvon xdmoto Agutepelouoa 1 AVTixatdo tao
Aceeonolovoac. Avalntovtag xdnola oyéor petald e G7 ot Xdmolag ex TV cuYYoedleY Tou TNV dladéyov-
T, Beloxouvpe ™ ouyyoedio Cm7, wa Swtovixy) oty Mu Ogeon peilova Tovixdtnta cuYyYoedia, cuYXEXELWEVA
1o VIm7. H avdivon e Cm7 we tn ouyyopedla tng éxtne Boduidoc, poc @épvel ot wia ouveldnTonolnom oyeTixd
pe o G7b9 nou cuvavtioaue vopitepa. Q¢ pa deomélovoa cuyyoedia mou Peloxeton €va BldoTNHA TEUTTNG
névew and v Cm7, n G7b9 avolletar we Acutepebovoa Aeonélovoa tne Cm7, dnhady we V7/VI xatd ta

YVOOTd.

Ipoywedvtag oto €xto pétpo, BAénouue dAAN ulo Cm7 cuyyopedla, Ty onolo avaibouvue TéAL we VIm7. H
Bbm?7 oto €Bdouo uétpo avoldeton we Vm7, xon amoTeAel SlATOVIXS BAVELOUO and TO GET GLYYOEDIOY TNg
M guowfc uwope. T tic emduevee 2 ouyyopdiec axolovdolye tnv (Blor Aoy Tmou axohovlfcaue oTo
pétpa técoecpa xou mévte. Aedouévou 6tL 1 Eb7 elvon wior un diatoviny) deondélovca cuyyopedia, eAEyyouue

T0 evdeydpevo vo mpoxetton Y Agutepetouoa 1 Avuixatdotaon Aconélovoag. o va elvan Aeutepedovoa
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Figure 0.3.1: O8nyéc yia o xoppdtt "There will never be another you"




0.3. To Dataset

Aeonolovoa, Ya €yovue mdavotata por Aa OQean cuyyopedio oTIC APESKS ENOUEVES GUYYO0RDIES, EVE Yia Vol
€youpe avtixatdotaoy Yo cuvavinooupe mdavotata xdnow Pe ouyyopdia. Ilpdypatt, n emduevn cuyyopedia
elvow i Abmaj7, dnhady) to IVmaj7 tou oet ouyyopdidv tng Mu Ugeor peilovag, medyuo mou xoahotd Ty
Eb7 to V7/IV. Ou tpeic ouyyopdiec nou axohoudolv, elvar évo yapaxtnetotind napdderypa wog 1I-V-I ttdong
oty Mt Ogeon peilova tovixdtnta. ‘Eyouge v Fm7(b5) mou avahbetar w¢ IIm7(b5) and to oet ouyyopdundy
e puohc eAdocovag, To Bb7 we to V7 and 1o oet ouyyopdidv e ueilovac xouw to Ebmaj7 we to Imaj7.
H endpevn cuyyopdlo mou dev €youpe NON availoet Boloxetar oto wétpo 13, xou elvon wo F7. Qc un Stotoviny
deondlouoa cuyyoedia, eréyyouue Eavd TNy epintwaon deutepedovoag 1 aviixatdotaong. 20tdc0, 1 endyevn
ouyyopedla, 1 Cm7, dev mAnpol ta xpitrpla yia va Yewpendel twe dladéyeton Aettovpynd v F7 o xapla amd Tig
dvo mepintdroelc. Kowtdlovtog ta endueva dUo pétpa, Bréroupe wo Bb7 ouyyopdio, n ornola Beloxeton mpdypott
évaL Sl TNUo TETdeTNS Tévw and 0 F7 tou yétpou 13. Auty efvon plot toAd cuvtiopévn tpoxtxr, n eniedduvon
e "Adong” pag deonolovoag cuyyopdiog xotd éva ¥y 800 wétpa. E@dcov howmdv to Bb7 avardeton wg to V7
otnv M Ugeon tovixdtnra, to F7 elvon pe ) oepd tou to V7 touv BbT7, xau dpa Aeutepedovoa Aeonolovca
oty mépnty Badpido (V7/V). Autd oyder xou yia ) ouyyopdia F7 oto pétpo 14. ‘Ocov agopd 1 cuyyopdio
Fm7 oo pétpo 15, unopolye ebxola va dlamiotwoovye twe eivon to IIm7 and to oet cuyyopdidv tne pellovag.

‘Etol ohoxhnpwyvetan 1 avdhuon yio Ta tewdta 16 uétpa Tou xopuatiol.

Eexivovtog Ty avdAuon yio To deltepo Wioo, BAénoupe ot Ta pétpo 17-27 efvon emavddndn twv pétpwy 1-
11, enopévwe dev amanteiton nEputépw AVAALCT TOuC. XTO auéowe emdpevo pétpo (28), éyovue wa Gm?7
axoloudoluevn amd wo C7. H ouyyopdla GmT7 ymopel edxoha vo avadudel wg ITIm7, xadadg elvon Sioroviny.
‘Ocov agopd 1 C7, unopodue vo TNy avaAbooupe we deutepebouoa deonélovoa otr debtepn Podulda, dniady
) vota o (V7/11), nopd to dTL dev Pploxoupe xdmowa cuyyopdio Po ota endueve Vo pétpa. Eivor edxoho vo
enahndedoouvpe 6t 1 CT Bev avrxel Swtovinég deonolovoeg cuyyopdicg Tne Tpéyoucaus Tovxotntag. Eniong,
duoxola Vo unopovoe vo Vewpniel avuixatdotacn deondlovoag, xodde téTe Vo TEQUUEVAUE TNV EUPAVION
xdnoloc ouyyopdlag and X, n onola dev eygavileton TNV TEEYOLCA TOVIXOTATA, 00TE K SLUTOVIXY cUYYoEdlo
00Te w¢ U dlatovixdg davetopoc. T'a var efvon 1 cuyxexpiévn ouyyopdio C7 avtixatdotooy deonéloucoc, Yo
npénel vo ouUPBel xdmota YETATEOTIA, XaL AUTOS O LoYUPLoROE dev utootneiletan and To YEYOVOS OTL 1) (T
ouyyopdla tou enduevou Y€tpov, elvon uio Ebmaj7, dnAddn n mpdtn. Tavtdypova, n ®o cuyyopdle mou Ga
TepLévaue oty Teplntwon e deutepetovoag, Beloxetar oto pétpo 31. Ipdxeitan yia wia topdpoLa tepintwon
pe to pétpa 13-16, émou €youpe Eavd xoduotépnon oty Abon uiag deondlovoag ouyyopdlac. Ta dlo uétpa
Tou UECOAAPBOUY, unopolv va Yewpndoly pia extevic tpooéyylor npog T Fm7 cuyyopdia Tou yétpou 31. Ilo
ouYXEXPWEV, 0TO PETPO 28 éyouue Tic 800 mpdteg cuyyopdies wac II-V-I ntdone, ye v Fm7 tou pétpou
31 va Aettoupyel we toxd 1. Emniéov, ota pétpa 29 xou 30 €youpe tic ouyyopdiec D7, GT7 xou C7, ol onoleg
elvan yio oelpd and dadoynég deutepevouceg deondloucee, tou Advovion oty (Blo cuyyopedia pe to 1I-V tou
nponyoluevou pétpou, ™ Fm7. ‘Etot, To pévo nou anoypével eivon oL cuyyopedlec Bb7 xou Eb ota 800 teheutala

METEA TOL XOPUATION, Ol 0Ttoleg UmopolV Tohd ebxoAa va avohulolv we To V7 xou to Imaj7.

'EToL 0AOXANPGVETOL 1) GQUOVIXT] OVIAUGCT] YLl TOU XOUMOTION. XTH CUYXEXPWEVY TERITTWOT, BEV CUVAVTAOOUE
XATOLOL UETATEOTA, OTOTE XATUAYOUUE GTO CUUTEPAoUa OTL To xoupdtt Bploxetar oty TovXdTNTA oL Yew-
eroaue €€ apync, ™ M1 Ypeon uellova. Yto oyfupa 0.3.2, golvetar 0 0dnydc TOU XOUUATION, QUTY TN QOpd
UE UTOYQOUULOUEVA TOL DLBPOEO TOVIXA TOU XEVTEW, TOU GTNY CUYXEXPWEVT TepinTtwor elvon uévo autd tng Mi

Upeon peilovag. Oo TEOYWEHCOVUE TWEA GTO ENOUEVO TORABELYUAL.
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Figure 0.3.2: "There will never be another you": Tovixd xévtpa




0.3. To Dataset

ITepintwon 2: "Triste"

To deltepo xoppdtt mou Yo avahlooupe elvar to Triste, Tou Antonio Carlos Jobim, o odnydc tou omnoiou

patvetar oto oyfua 0.3.3.

Eextvivtog OTwe Xol GTNY TEONYOUUEVY TERINTWOT], THEATNEOVUE OTL 0L DU TPWTES CLUYY0PDIEC TOU XOUUUTION
elvou Bb xou Bbmaj7. To (8o toylet xon yio Tic ouyyopdie Twv pétpwy tévte xa €€L avtiotolya. Autd amotehel
HLoL Loy ueY) EVOEEn Twe To TeoryoLudl Eextvd otny TovixdtnTa Xt Upeon pellova. Me Bdor autd, nopadétoupe

TOL OET TWV DLATOVIXOY CLYYO0EOLDY TNG TOVIXOTNTAC, Xl TEOYWEAUE CTNV AVAAUGCT):

1 Ogeon peilova: Bbmaj7 - Cm7 - Dm7 - Ebmaj7 - F7 - Gm7 - Am7(b5)

1 Ogeon guof eddocova: Bbm?7 - Cm7(b5) - Dbmaj7 - Ebm7 - Fm7 - Gbmaj7 - Ab7

1 Ogeon apuovix) ehdooova: Bbm(maj7) - Cm7(b5) - Dbmaj7(#5) - Ebm7 - Fm7 - Gbmaj7 - Adim7
1 Ogeon pehwdinf) ehdoocove: Bbm(maj7) - Cm7 - Dbmaj7(#5) - Eb7 - Fm7 - Gm7(b5) - A7(b5)

Me Bdion T mponyolueva, avaALOUUE TiC CUYYO0EBIEC TWV UETPWY Eva xou BVo, we I xou Imaj7 avtiotorya. Xtn
ouvéyela, e€etdloupe TN ouyyopdlo Gbmaj7 oto tpito uéteo, 1 onola avodleto we¢ bVImaj7, dniady| diatindg
daveloudg and Ty Xt Lgeon Quotxt| ehdocova. ‘Emeita, €youue 0 ouyyopedia BT, n onola dev avrixel o xdmnoto
dtatovixd oeT oLy YopEdlhy. Emopévwe, dedopévou dti elvan deomdélovoa cuyyopdia, napatnpolue to endueva
HETPaL Yia var SamloTéooupe av propel va Yewpniel eite deutepeouoa gite avtixatdotaon deondlovoos. ‘Onwg
OVOUPEQOYE TROTYOLUEVKCS, Ol GLYYopdiec Twv Pétpwv tévte xa €€l elvon Bb xor Bbmaj7, ot omoleg yvwplloupe
7o”N 671 avokbovtar w¢ I xon Imaj7. To yeyovog 6t BT mpdxeiton yior ot pn Siotovixry deondlovca cuyyopdia,
TOU AUVETOL €VOL NULTOVIO XATW, ONUOIVEL TWEC TEOXELTAL VLot oVTLXATdoTaoY, deondlouoos, Xal oVOAVETOL G
subV7/I, xodde avuxadotd v néuntn e mpotne Baduidoc. Ipoywedvas oto EBSoHo PéTPo, EYOVUE Uio
Dm7 ocuyyopdio n omolo elvar Stotovint|, xou avohdetar ¢ to IIIm7. Xt cuvéyeia, €youue oxdurn wla un
dlatoviny) deanélovoa cuyyopdia, T GTb9, mou Advetan oe pla Cm7 oto péteo evwid. H andotaon yetagld tou
Nto xou tou Lok elvon Sidotnua téuntne, ondte 1 G7b9 elvou 1 Seutepetiovoa deondlovoo e Cm7, dniady
o V7/II, pye tnv Cm7 vo avahbeton we to IIm7. Metatoniloupe tdhpo TNV Tpoooy T pog ota eTOUeVe 2 uétpa.
"Exyoupe v axohoudio cuyyopdidov Am7 - D7 - Gm7. H Gm7 eivau Siatovind cuyyopdia ( to VImT) xou n D7
elvow ) mépmTn e, xadioTdvtog TV deutepeovon deondlovoa e Gm7 (to V7/VI). Qotdoo, n ouyyopdio
Am?7 Sev Bploxetan oto dlatovind oet ouyyopdidy Tne Xt Upeon peilovac. Autr elvon yapaxtnelotixy tepintwon
xeriong tou oyetxol 80o. Av Yewpricouye T GmT wc I yio to clvtopo didotnua twv péteny 10 xau 11, autd
xavelr T D7 1o V xou v Am7 7o II, authc tou II-V-I ntdong. "Etot, n apuovixr Aettoupyio avthc e Am7

elvon e Tpdxerton yior To oyetxd dvo e Gm7, xou Ty avakbouue we (II).

Yto pétpo 12 éyouye o un dlatovixn deonélovoa cuyyopdia, tn cuyyoedic AT7. Axohloudolue tnv (Bio topela
oxéne mou axolouvdrfooue e AVTIOTOLYEC TPONYOUUEVES TEQLITWOELS, EAEYYOVTAC TO EMOUEVA HETEO, YLoL VO
Beolue wor mbdovy Ao authc e deonélovoag ouyyopdiac. Xto uétpo 13, Peioxoupe wo Pe ouyyopdia
(Dmai7), tne omnolouc n néuntn elvon mpdyuatt 1 A7, enouévwe odnyoluacte ot oxédn elvar 6T n A7 elvou
deutepeouoa deondlovoa xa cuyxexpeva, to V7 /111, dedopévou 6t n Pe eivan n tpitn Poduido tne Xu Ggeon
pellovac. IMap’oNautd, 1 cuyxexpwévn Pe ouyyopdioa (Dmaj7) 8ev elvan (Bl mowbdtnrog pe v ouyyopdio
teltne Poduidoc e tpéyoucac tovixdtntae (Dm7), oOte pe auTéc TV avTioTo WY ENICOOVKY XAUEXWY.
Méhota, e€etdlovTac xou Tic oY Y0pdicc Tou unopolv va tpoépyovion and wr dtatovind daveroud (0.2.3), dev
umdpyet oe autég to IlImaj7 mou Ydyvouue ev npoxeéve. ‘Etotl, 0dnyoluacte 610 GUUTERAGHA TS GTO HETEO

13 umdpyetr petotponia otny tovidtTa Pe pellova. Autd onpaiver i 1 nponyoluevn cuyyopedia, A7, éxel
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Figure 0.3.3: Odnyo6¢ yio o xopudt "Triste"
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SumAf Aettoupyla. Ltnv tovixdtnta e B Ogeon pellovog, we to V7/IIL, xou oe auvth e Pe pellovag, o¢ to
V7. Enopévwe, ouveyilouue dewpdvtag, TAéov, we npdtr ) ouyyoedio Dmaj7. Ta dwtovixd oty Pe peilova

oET oUYYoEdLOV elvar T e€RC:

Pe peilovo: Dmaj7 - Em7 - F#m7 - Gmaj7 - A7 - Bm7 - C#m7(b5)

Pe guowt| ehdocove: Dm7 - Em7(b5) - Fmaj7 - Gm7 - Am7 - Bbmaj7 - C7

Pe appovie eddocove: Dm(maj7) - Em7(b5) - Fmaj7(#5) - Gm7 - Am7 - Bbmaj7 - C#dim7
Pe pehwdu ehdocovo: Dm(maj7) - Em7 - Fmaj7(#5) - G7 - Am7 - Bm7(b5) - C#7(b5)

Ipoywpdvtac oto Yéteo 14, éyouue pio cuyyopdlo Em7 xan po A7. Ipdxeitan yio to yvwoto 1I-V ot Pe
uetlova, pe v Em7 va avohbeton we IIm7 xon v A7 we V7. 1o endpevo pétpo éyoupe tny ouyyoedic Dm7
xou v G7. H mpddytn, npdxeitan yia 1o Im7, péow diatovixol davelopold and To GET GUYYO0EBLOY TNG PUOLXTG
ehdocovac. H 8ebtepn, avodletoan we 1o IV7, péow Siatovinod davelopol and to TNy peAwdixy ehdocova. 3To
uétpo 16 éyoupe tic ouyyopdleg Cm7 xou F7. BAénoupe nwg 1 ouyyopdlo Cm7 dev avrixel oto dlatovixd o
ouyyoedldvy yiot Ty Pe peiova, mpdyua mou oydel enlong xaw v v F7. Avtictowa, to bVIIm7 (nov Yo
fitav To Cm7) dev avixel otic ouyyopdiec Tou tpoxinToLY amd un dtotovind davelopd (0.2.3). Oa propolooye
va yapoxtnploovye To Cm7 wg oyetixd II xou 1o F7 w¢ deutepetovon deondlovon xdmolag ENEpYOUEVNS CUY-
yopdiag. BAénoupe nwe ol cuyyopdieg tou axoroutolyv ota pétpa 17, 18 xou 19 elvan dheg L bpeon cuyyopdieg,
ouyxexpiéva Bb, Bbmaj7 xaw Bbm7. Ou 800 npddteg ouyyopdieg elvar diatovixég otn Pe peilova péow e

appovIXfc eEhdocovag, oANd 1 teitn etvon un dtatovix]. Mo evadhoxctns tpocéyyion da ftav 1 e€hc.

Aedouévou 6Tl T0 xopudTl, apyxd, fTay ot i Opeon uellova, el 1 yetatponia to uetagépet oe Pe ueilova,
elvor TOAD mdoavd oL Tpelg ouYyoediec Vo onuoalvouy Uil ETaAvVapopd otV dpyxr TovixdtnTa. MdhioTa, o
ouyyopdlec Tou Yétpou 16, anoteholy v deltepn xou néumty Boduida tng apyhc TovixdTnTag, xou Advovto
we¢ ouVHBe oTNY TEWTN AUTrG, WE TNV €heuan Tou emouevou uétpou. Ilpoc¥étovtag xou to yeyovog ot
ouyyopdlec ota yétpa 17 xou 18 elodyovron ye tov (Blo TEOTO TOU ELGAYOVTOL XUl OTNV UPYT] TOU XOUMATLOU,
OTOU 1) TOVIXOTNTOL EYXHOPUETOL YIdl TEWTT POEd, 08NYOVUICTE GTO CUUTEQUCUA OTL TPOXELTAL YLol 0XOUT| Wil
petatponio, mpog TNV apyxh TovixdtnTa, TN Xt Gpeon yellova. Mdhiota, To axpi3éc uétpo oto onolo aAAdlel 1
TovotnTa elvon To Wétpo 16, evdd oL cuyyopdieg Tou uétpou 15 €xouv ity Aettoupyia. Ipdypatt, oto xhewdl
e Pe pellovag avahbovtow we Im7 xou IV7, eved oto xhedl tne X vgeon pellovog we IIIm7 xou V7/IL. O
AOYOC Tou emAéYoUUE To UETPO 16, évavtl Twv uétpwv 15 N 17, elvon yiotl exel yiveton mpwdtn Qopd nymuxd

QVTIANITY N HETABOAY TNV TOVIXOTNTA.

Ta tela tpdTa pétpo petd ) petatponio avollovton xotd To Yvwotd. Eyouue to I, to Imaj7, eved to Im7 eivou
amd TO OET TWV CLYYOEDLWY TNG PuoLxhc eENdocovag. Xtn cuvéyela, €youue wa Eb7 ouyyopdla, mou elvar To
IV7, tou oeT ouyy0pdUOY TNG UEAWDIXAC EAdocovaS. XTo Uétpo 23 €youue wa Fm7, n omola avahbeton w¢ To
Vm7, and v guoxt eAdocova. 3tr cuvéyela, Eyouue wo Bb7 nou Adveton oe wo Ebmaj7 oto enduevo yétpo,
onhady oto IV tng X Ogeon yellovac. Autd xdvel to Bb7 wa Aeutepetovoa Acondlovoa, xon avohleTol g
V7/IV. H Ab7 tou pétpou 26 eivar to bVIIT nou mpoépyetar and tn Quotxf EANLOCOVA, EVE 0TO ENOUEVO UETEO
éyovpe wot Dm7, dnAadr to IIIm7, xon évae Gm7 dnAadn to VIm7. To C7 oto yétpo 28 Advetan pio mEURTY
%4tw oto Yétpo 30, pe TNy ouyyopdla F7, eved yecohafel wa xaduotépnon ntdone ye to Cm7, dnhadn To
IIm7. "Etot, 1o C7 avolleton we V7/V, wa devtepebovoa deondlovoa mou Advetow otny méuntn Baduida.
Oloxhnptvovtoug TNV avdALGT Tou xoupatiod, ota teheutala 4 uétpa €xouue Tig ouyyopdiec Bbm7 xau Eb7 o

onolec €youv K01 npocdioplotel vwpitepa (Im7 - IVT). Bhénoupe 6Tt T0 xopudTL SEV TEAELDVEL PE TNY SLYY0Ed(N
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Chapter 0. Extetapévn Ieplindn oto EXnvixd

e e NG Parduidoc, oAAd autd dev ahhdlel TV avtiAndh ac yiot To Tovixd %EvTpo.

‘Etol ohoxAnpddvetol 1 apuovixn avdiuor tou tpayoudlod "Triste”. Yto oyfua 0.3.4 napéyouye pio entoxdnnon
NS AVEAUONC UE TNV ETOTUAVOTY TWV TOVIXOV XEVTpwy. Me mpdotvo €youpe v tovxdtnta g Xt Heon

peiCovag xan e xdxoavo auty g Pe uellovoag.

ITepintwon 3: "Have you met miss Jones"

To enduevo xoppdtt nou Yo avarboouvye elvon to "Have you met miss Jones"0.3.5, twv Richard Rodgers xou

Lorentz Hart.

‘Onwe %o 6TLE TEONYOUUEVES TEPLTTWOELS, 1) TRWTY LOC EVERYELL Vol VoL EAEYEOUUE TNV TN Xou TNV TEAeuTala
ouyyopdia Tou 0dnyol 0.14.5. Aedouévou bt xou ot 800 cuyyopdies eivar Fmaj7, do Eextvioouue v avdluo
pog dewpwvtac Pa pellova tovixdtnta. IHapadétovye tic Satovinée ocuyyopdlec tne Pa pellovac xatd ta

YVOOoTd:

Do peilovo: Fmaj7 - Gm7 - Am7 - Bbmaj7 - C7 - Dm7 - Em7(b5)

Do puowxt| eNdoocove: Fm7 - Gm7(b5) - Abmaj7 - Bbm7 - Cm7 - Dbmaj7 - Eb7

Do appovixd; ehdocova: Fm(maj7) - Gm7(b5) - Abmaj7(#5) - Bbm7 - Cm7 - Dbmaj7 - Edim?7
Do pehwduns; eEhdooove: Fm(maj7) - Gm7 - Abmaj7(#5) - Bb7 - Cm7 - Dm7(b5) - E7(b5)

‘Etot, edxolo avalboupe 11 ouyyopdla Tou mpdtou uétpou we to Imaj7. Luveyllovtag oto uétpo 2, Belox-
ovue uiar vryuwvouita. Ioapatnedvtac tig dlatovixés ouyyopdleg, BAénovue 6Tl 1 F#dimT7 Sev mpdxeiton yo
Blatovix) eEAATTOUEVY ouyyopedla Tne Pa peilovae, xadde 1 ev Aoyw ouyyopdia eivon 1 Edim7. Avatpéyovtog
OTOV XATHAOYO TOV U1} BLUTOVIXGDY VTIVOUIT®Y TOU UTOPOVUE VO GUVOVTHOOUUE OE [LOL TOVIXOTNTA Ond TO Tpo-
nyoluevo xegpdhao 0.2.3, dlamotwvouue 6Tt 1 F#dim7 avtiotouyel oto #Idim7, xou emouévwe ebvan €yxupn
un Srotovixd viyuvouita. Mta pétpa 3-6 €youue xdmotec datovinéc otn Pa peillova cuyyopdies, ol onoles oyn-
potiCouy pua apxetd Tumx| oxoloudia. Eyouvye to to IIm7 (Gm?7), axoloudoiuevo and to V7 (CT), Sivoviac
v alovnon wlag II-V-I ntdong, ahhd avti yia tnv ohoxAfipwot| tng €xouue éva IIIm7 axolovdoluevo and to
VIm7. X1 ouvéyela, oto Yétpo 7 xon 8, cuvavtdue oxdun éva II-V, auth ) @opd wo Cm7, dnhadh to Vm7
amd To TNV Puotxn eEAdocova axohoudoluevo amd wa F7, ) Seutepetovoa Seonélovon tne tétaptne Baduidac

(V7/IV), dnhad| tne Bbmaj7 nou axohoudel oto enduevo pétpo.

Mévoupe oto pétpo 9, xadig opylovue Vo XEVOUUE XATOLES TORAUTNENOELS YE BAOT) T1) GUVEYELL TOU XOUUOTLOU.
Ipogovae 1 ouyyoedia Bbmaj7 eivar Swatovind ouyyopdio otn o peillova (IVmaj7) xou ohoxhnpever téheto
v ntdon II-V-1 nou Eexavd oto pétpo 7. ANAG TaEATNEMOVTOC T CUVEYELD TOU XOUPATION, BAETOVUE UPXETEG
ouyyopdlec maj7 mou eugovilovion teplodind, xdde 2 pétpa, uetall Ty wétpwy 9 xou 15. Iapd to bti yepinég
o avtée (n Bbmaj7 xou  Gbmaj7) eivon 6vtwe Siotovinéc oty tpéyovoa TovxdtnTa, aUTéd dev Loy Vel Yiol
Ohec. Apyixd, €youue tn cuyyoedia Dmaj7, mou dev elvon 00te Slatoviny), 00Te Wat and T EYXUPES CUYY0pEdIES
un datovixol davelopol 0.2.3. Aceltepov, av mpoydotixd axolooude To xoupdtt pall ye tn peiwdio Tou,
TEATNEOVUE OTL xdde Popd TOU XATUAAYOLUE OE Xdmolo and Ti¢ maj7 cuyyopdieg, AauBdvouue wo alotnon
appovixic otadepbdtntog, N omolo unootneiletor xou amd Tov TEoTo Tou eellooeTon xou N ueAwdioa. Autd
elvon pior loyLpn| EVOEIEN GTL 0TV TEAYUATIXOTNTA, AUTH 1) TOEATETULEVT axohoudio cuYyoEdLhY, elvon pla oelpd
ano dladoyxég petatponiec. Auth 1 yetamidnon ueto€d BlaQopETIX®Y TOVIXOTHTWY U€ow Bladoydv 11-V-1
TTOOEWY, elvon wa apxetd cuvnhouévn apuovixn xivion otn tal. Y10 cuyXeEXEIUEVO TUpddELYUd TEQVAUE oo

TEELC DLAPOPETINES TOVIXOTNTES, aUTH TN Lt UgeoT uellovac, tne Yol Ogeon ueilovac xou tne Pe pellovac.
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0.3. To Dataset

Triste

===

Figure 0.3.4: "Triste": Tovuxd xévtpa

By Bbmaj7 GbmajT B7
A | | | | ]
oy = = = | = = = |
1 1 1 1
I Imaj7 bYImaj1 subV1/T
By Bbmaj7 D-7 G™
v = i - } - i = i
I Imaj7 III-1 V1/II
c-7 A-7 D7 G-7 A7
| | | T ]
I1~¢ (IT) VINI VI-1 Bb: VI/I1I, D: V1
Drmaj7 E-7 A7 D-7 G7 c-7 F7
# | | 1 1
Imaj1 II-1 V1 D:I-7, BR:III-7 D:1IV7, Bb:V1/II II-7 VT
BY Bvmaj7 Bv-7 Ev7
’ | ; ] ]
0o Imaj1 I-7 v
BY Bvmaj7 F-7 Bv7
I — | - I - |
1 1 1 ]
I Imaj7 V-7 V1/IvV
Ebmaj7 Ab7 D-7 G-7 c7
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IVmaj1 bVIIT III-71 VI-7 ViN
-7 F7 g-7 BT Br-7 BT
| | T T ]
II-7 V7 I-7 v I-7 vy




Chapter 0. Extetapévn Ieplindn oto EXnvixd

Have you met miss Jones

) Fimaj7 F#o7 G-7 c7
e — e——-
L V47 B | | 1 | 1
T Imgjr #Tdim? -7 V1
-_
A-7 D-7 c-7 F7
I‘bl p— I p— I - I p— ]
/7] = = = |
I VI-1 V-7 VI/IV
1
) B¥maj7 Ab-T  DbT GYmaj7 E-7 A7
% - i - i - i - i
Imaj1 -1 V7 Imaj? -1 V7
~—_ _— SN—— l___
Dmaj? Av-T  Db-7 Gbmaj7 G-7 (7
]
£ - 5 - I - 5 - |
# 1 1 | 1
Imaj1 -1 V1 Imaj? -1 V7
~— S~——— |
Fmaj7 F#oT G-7 c7 Bv7
/7] | I | |
T Imajt #Idim7 -7 V1 w1
v
) AT DT G-7 c7 Fmaj7 Fmaj7
i = | = | = ! = H
T -1 vy II-1 V1 Imajt Imajt
N——— I_—I

Figure 0.3.5: Odnydg yio to xoppdt "Have you met miss Jones

n
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0.3. To Dataset

Kée tovindtnra npoetodleton pe to yaportmeiotxd II-V tng, mewv and v Adon oto 1. H tehuy) avdivon

TOU GUYXEXPWEVOU TUAUATOC, ARG o OAOXATEOU TOU XoupaTiol, elvan Slodéaiun and to oyfua 0.3.6.

IIepintwon 4: "Recordame”

Yty tekevtala mepintwon avdhuong, Yo eEetdoouvye Ty avdluon tou Ttpayoudiod "Recordame”0.3.7, tou

ouviétn Joe Henderson.

Eexivovtog TV avdAuoy| gag, TO TE®MTO TEAYU TOU THpATNeolue OTOV XOLTAUE TOV 0BNYO TOU XOUUATIOU,
elvor OTL oL TEGOTA TECOETA UETPA YENOLLOTOL0Y H6vo uia cuyyopedia, T Am. Elvar aogaréc va Eextvicoupe
Yewpdvtag ) Ad eENIOC0VE WG TOVIXOTNTA TOU XOUUTION, ETOUEVC TOEEYOUUE T SLUTOVIXE GET GUYYOPBLADY

NG TOVXOTNTOC:

Ao pellovo: Amaj7 - Bm7 - C#m7 - Dmaj7 - E7 - F#m7 - G#m7(b5)

Ao guow| ehdooova: Am7 - Bm7(b5) - Cmaj7 -Dm7 - Em7 - Fmaj7 - G7

Ao appovixf; ehdocove: Am(maj7) - Bm7(b5) - Cmaj7(#5) - Dm7 - Em7 - Fmaj7 - G#dim7
Ao pehewduh; endooove: Am(maj7) - Bm7 - Cmaj7(#5) - D7 - Em7 - F#m7(b5) - G#7(b5)

Yuveyllovtag ota pétpa TévTe we EPTA, ExouUe TN oLy yoedia Cm. Xtn Ao ehdocova, autd Yo avaALdTaY WS TO
bIII-7, to omolo elvan pn Slatovindeg daveiopog and tov Ao Adxplo tpomo 0.2.3. AARd Aéyw Tou 6Tl 1 cuyyopdia
dlatnpelTan YLt dpXETO YEOVIXS BIACTNUA, UX0VYOVTOS TO XOUUATL avTilopfavouacte auth T Cm ooy véa Tovixy.
Avth n adhhayn) evioybeton xou omd TNV ETAVEANYN TNE HEAWBINC TWV TROTWY UETEWY, TROCUPUOCUEVNE OUTH TN
popd oty Nto eAdocova wg to tovixd tng xévtpo. 'Etol, €youue ta T€ocepa TEMOTA UETEO TOU XOUMATION OF

Ao ehdocova xou ta endpeva tplo o Nto ehdoocova.

Ye aut6 To onuelo, CUVIVTAUE WMot OELEE Amd EVORAAYES GUYYOEDLMY, AEXETE TUPOUOLWY UE OUTEC TOU TRONYOU-
pevou nopadelypotdc 0.3.6. Luyxexpyéva, avipeoo ota w€tpa 8 xou 15, éyoupe pio oelpd and maj7 cuyyopedieg
mou eugaviCovtan xdle 2 pétpa. BAémoupe nwg ol cuyyopdieg xotefaivouy xatd didotnue tdvou xdde dvo pétpa,
ext6g amd v tedevtala ahhoryry (Gbmaj7, Fmaj7), n onola elvon Sidotnua nuitoviov. Autéd mou npoxdntel and
TO YEVIXOTERO apUovixd TeplBdAlov €ivon Twg €xoude wio xardodixr) ahAniouyia cOVIOUWY UETATEOTIMY PEOW,
xou TaAL, Sladoyxdy Tttwoewy 1I-V-1. Eto pétpo 8 éyoupe o Il xaw to V tne Bbmaj7 (Cm xou F7), mpoetowd-
Covtag v 4@y pag oty Tovxotnta Xt Opeor uellova oto Yétpo 9. Mto pétpo 10 xatefaivoupe évay tdvo
and ) X Ogeon uellova, ot Aa Ugeon pellova, yéow twy dixdv e IT xou V (Bbm?7 xou EbT). Me tov (S0
axeBOC TEoTO, apod TEMTA XAVOUPE SAAY ULl UETOTEOTN, AUTH) TO Qopd 6T Lok UpeoT yellova, Tdvouue oty
tehevtalor TovxdTnTa aUTHS TS alknhouylog, ) Pa pellova oto pétpo 15. ‘Onwe unopolue va xpivouue and
oTd Tar 2 mopadelypatd, TETOLES, XATIOUOES 1 AVIOVGES, APUOVIXEC XWACELS HETOED BLUPOPWY TOVIXDY XEVTPWY
elvon TOAD cuvnbiouévee oo eldog mou e€etdloupe. H avdluon autrc tne appovixfc mhnpogoplac pe Tov TpdTo
avtiotolyo évoc avipwrivou axpouty), unopel vo anoteAécel onuavTiny tedxinon yio évay aiyoprduo. ' autd
70 AOY0 1 oo YY) EVOE GUVOAOL BEBOUEVKY ToU o TNE(lEToN BTNV EUTELRIXY) avTpOTIVY XATAVONOT TWV UPUOVIXOY

WVACEWY vl EEUPETNE GNUOVTIXT.

OloxAne®vovTog TNV avaAuUoT TOU XOPUaTIoN, oTo 2 TeEAeuTalo HETPO ETOTEEPOVUE GTNY TOVXOTNTA TN Ad
eNdocovae, npoetoydlovtag apywd tny petatpornio pe Ty méunty (E7#9), xou Aovoviag tn otny Tpdt e
apy A TovixdtnTog, T ouyyopedioc Am. Yty eixdva 0.3.8 BAénouye TNy Tehxr] avEAUCY) xol T TOVLIXE XEVTEa

tou Ttpayoudlol "Recordame”. Me avoiytéd npdovo onuewdvton 1 Ao ehdocova tovixdtnta, Ye x6xxvo n Nto
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Chapter 0. Extetapévn Ieplindn oto EXnvixd

Have you met miss Jones
) Fmaj7 F#o7 G-7 c7
AR - I - I - ]
G : i i |
Imaj7 #Idim7 II-7 V7
\\_/
) A-7 D-7 c-7 F7
Y o ) KT, ' Vi/IV '
-~
) Bvmaj7 Ab-T  DbT GPmaj7 E-7 A7
% S —_————
T TImajt II-7 V7 Imajt -7 V1
~__~ | ~
Drmaj7 Av-7  Db-T Gbmaj7 G-7 c7
/ - e
Imaj7 II-7 V1 Imaj1 II-7 Vi
~—_ — ~—V_— I
Frmaj7 F#o7 G-7 c7 BY7
{ = 1 1 |
Imaj7 #Idim7 II-7 Vi v
\\——/
) A-7 D7 G-7 cT Frmaj? Fmaj7
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~— S— I—]

Figure 0.3.6: Have you met miss Jones tonic centers
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0.3. To Dataset

Recordame
A- A- A- A-

b Im I Im I Im l I
c- c- c- c-  F7

Im I Im I Im I IIm % I
Bbmaj7 B-7 BT Abmaj7 Av-T D7

Imaj? I IIm? V1 l Imaj? I IIm7 V7 I
GPmaj7 G-7 (7 Fmaj7 E7T#

Imaj7 I IIm? %4 I Imaj? I V749 I
A—

=

Figure 0.3.7: Odnyéc yia 1o xopudtt "Recordame”
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Chapter 0. Extetapévn Ieplindn oto EXnvixd

Recordame

A- A- A- A-
-
l Im Im Im

c- c- c- c- 7

| I 1 —

# Im Im Im IIm vr

BPma;j7 B-7  Eb7 APmajT A-T D7
Imaj7 I IIm? V7 I Imaj7 ' IIm7 V7 ]
Gbmaj7 G-7 7 Fimaj7 ET
Imajt IIm? V7 Imaj7 VI I
A-

L

Figure 0.3.8: "Recordame": Tovixd xévtpa

ehdocova xou pe x(tpvo, yohdllo, uwP xou oxolpo umhe avtiyolyd, onuewdvtovion ol X Gpeon peillova, Aa

Opeon peilova, ok Vpeon uetllova xou Pa peilova.

‘Eyouye mAéov cuvavthioel Oheg Tic évvolec mou meptypdope oTo mponyoluevo xepdhawo. ‘Eyoupe eniong
TOPOUCLACEL XAMOIEC YOPUXTNPLO TIXES TEPLTTWOELC TNg dadixaciog avdiuone otnyv onola Yéoaue To XOUWS-
Tt TV GUVOLOL BedouEveY Woc. TlpwTtol mepdooupe 6To GTABIO TwWY BOXYWDY TOU GUVOROL BedoUEvLY, Ju

TAPOUCLAGOLUE Wiar evolhoxTixr) Yepehiwor tou (Blou cuVOROAU xovOVLY, auTH TN Popd UESL OVTOAOYIUC.

0.4 H ovrtolroyla

Yo mponyolpevo xe@pdhoio eEeTACOUE OPLOUEVES amd TIC TEYVOAOYieC Tou Woc Borinoay vo mpooeyyicouue
v appovxr] avdiuon péow wlag pouoxnc ovtohoylac. Emmiéov, napoucidooye 1o oOVOAO TV OpUOVIXGDY
%xavoveRY otoug onotoug Boaociletal 1 avdhuoT TV XOPUATIOV OV TERAAUBAvVoVToL 6TO GOVORO BEBOPEVGY HOC.

Yuveyloope TOEEYOVTOC UEPXES YUPUXTNELO TIXES TEPLTTWOELS VAU C, BElYVOVTAC TNV TEaXTIXY| EQUPUOYY oU-
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0.4. H ovto)oyia

Chord = Chord

ChordType
AugmentedChord
DiminishedChord
HalfDiminishedChord
MajorChord
MinorChord
SuspendedChord

EquivalentChords

Heptad = Heptad

Heptad = Heptad

Hexad = Hexad

Hexad = Hexad

Modes

Pentad = Pentad

Pentad = Pentad

Tetrad = Tetrad

Tetrad = Tetrad

TonalityChord

Triad = Triad

Triad = Triad

Figure 0.4.1: H »\dor "Chord" otn Functional Harmony Ontology

100 Tou YewpnTixol uroflddpou. Ye autd To xePdhaio Vo TEOYWENCOLUE OTNY UeTaPopd Tou uToPdipou autoy,
OE HOPYT EXPEACEWY TEPLYPAPNC AoYXS. Oo YpNOUOTOICOVUE QUTES TIC EXPEACELS YLl VoL EUTAOUTIOOUUE

v ovtohoyia Functional Harmony Ontology [12], wa oviohoyio neptypophic aplovixol nepleyouévou.

O EeXVACOUPE PE [ior VONUTIXT ETLOXOTINGY TNS €V AOYw ovTohoyiag, 6Tou Yo e€etdooupe ) dour tng, xadg

xon Ueped amd o xOpta oTotyelor TNe oppovioe Tou TepLypdpeL.

0.4.1 Functional Harmony Ontology

H Functional Harmony Ontology elvon yior pouoixr] ovtohoyio mou Tpoo@épel Wia Teplypa@n Tng oUYYeovng
apuoviag, YEow TG avdiuong axoAoudidy cuyyoedlwy e yerion hoywhc. H mepiypogpy auvtr yiveton pe v
utodétnom tou npopih OWL2 RL [10]. Autéd mou Yo xdvoupe, eivon vor eEETACOVUE TIC TEPLYPUPES TWV BLAPOHPWV

OPUOVIXDY GTOLYElWY 6NV ovToloyla xaL vor SoluE T auTtég oyetiCovtal Ue TNy duxn Yog Tpocéyyion.

‘Eva and ta xOplol TAEOVEXTAUATA TOU TEOC@EREL 1 ovTohoyla, €lval 0 TPOTOC UE TOV OTOl0 MEPLYPAPEL Tig
ouyyopdlec péow e xhdong ChordType0.4.2. H xidor ChordType €yel uioa umoxAdor yia xdde évav and
toug €& Baotxole timoug cuyyoeEdldy: uellova, ehdocova, viwvoulta, ehattouévn ued’eBdounc, auEnuévn
xou suspended. Ou vrmoxhdoeic xdde evoc and toug €€L TOTOUE LYY oEJLBY, elval GAeC oL cuYyopdies auToL
Tou tomov, mou eppaviovton otV appovia, eExppacUéves péow Tou TEdToL Tou avtiototyel ot Borduide Touc.
TNt mapdderyyo, otov yellova tOno ouyyopdlag, yia T cuyyoedla Cmaj7, éyovue tic Paduidec 6wV Twv
HAPEHWY TV TEOTLV GTOUC 0Toloug GUUUETEYEL 1 ouyyopedio Cmaj7. Autd, extdg and tnv mpopoavy T
tou Nto Ievixol () tne Nto pellovoc), nepihaufBdvel molkéc dhheg, 6mwe v tétaptn Tou Lok Iwvixol
v et Tou Nto AlBlou. Autd mpoo@épel ueydhn eveh&ior TNV opUOVIXY oVEAUGT], xadOC ETULTEETEL TNV
AVIAUGT CLYYOEBLMY OV TEOXUTTOLY antd Ur dlatovixd daveloud. Emniéov, 1 avoagopd oe cuyyopdlec uéow
e Padpidog Toug, xoioTd EXoN0 TOV CWGTO YapuxTNELOWS TS Aettovpying Toug. Autd avadeviETol axoun

xaAOTERA PE TN YoM TNE ¥Adong chord function.
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Chapter 0. Extetapévn Ieplindn oto EXnvixd

MajorChord
A_AeolianRelativeTonic = A_AeolianThird
A_AeolianSeventh
A_AeolianSixth
A_AeolianThird = A_AeolianRelativeTonic
A_DorianFourth
A_DorianRelativeTonic = A_DorianThird
A_DorianSeventh
A_DorianThird = A_DorianRelativeTonic
A_HarmonicMinorFifth
A_HarmonicMinorSixth
A_lonianFifth
A_lonianFirst = A_lonianTonic
A_lonianFourth
A_lonianTonic = A_lonianFirst
A_LocrianFifth
A_LocrianSecond
A_LocrianSixth
A_LydianFifth
A_LydianFirst = A_LydianTonic
A_LydianSecond
A_LydianTonic = A_LydianFirst
A_MelodicMinorFifth
A_MelodicMinorFourth
A_MixolydianFirst = A_MixolydianTonic
A_MixolydianFourth
A_MixolydianSeventh

Figure 0.4.2: Mépog tne xhdone Major ChordType otn Functional Harmony Ontology

SubClass Of
A_AeolianRelativeTonic
A_AeolianThird
A_DorianRelativeTonic
A_DorianThird
B_LocrianSecond
B_PhrygianSecond
C_lonianFirst
C_LydianFirst
D_DorianSeventh
D_MixolydianSeventh
E_AeolianSixth
E_HarmonicMinorSixth
E_PhrygianSixth
EquivalentChords
F_LydianFifth
Fs_LocrianFifth
G_lonianFourth
G_MixolydianFourth
MajorSeventhTetrad
MajorSeventhTetrad

Figure 0.4.3: ‘Okec o nepintddoelg epgaviong tne ouyyopdlac Cmaj7 otn Functional Harmony Ontology

52



0.4. H ovto)oyia

dominant chord funiction subdominanchord function

parallel change . .
parallel relativechange parallel relative subdominant
parallel subdominant

relative change lati bdomi
subdominant chord function relative §u ominant
subdominant

suspension

tonic chord function Figure 0.4.5: H »\dorn subdominant chord function

Figure 0.4.4: H x\dor chord functions

‘Onwe eldape ota nponyodueva xepdiona, €vo amd Tto xVpta WEpT TNG AEROVIXTE avaAluang elvan o yopaxTneloud
TV ouYYoEdldY Ue Bdon Tn Aettoupylo Touc. Eldaue pepixéc amd Tic Aettoupylec mou pmopel vo €yel o
ouyyopdla ye Bdon Ty ToLOTNTE TNg ot To dpuovixd Thalolo Yipw tne. Xtny nepintwon e oviohoyloc mou
egetdlouye, N évvolo auTH TeplypdypeTal uéow TS xAdong chord function. Ov unoxAdoeig g ol elvan didpopeg
appovixég Aettovpyleg mou pmopel va €yel wa ouyyopdia. Mropolue va dolue tnv xhdon chord function xou
¢ unoxhdoelc tng oto oyfua 0.4.4. Birémouue 6TL xahbdnTeTan éva Yeydho u€pog Tou appovixol urofBddpou
Tou xegoralov 0.8.2. 'Eyouue i xhdoelc parallel, relative xou parallel relative change, ol onoleg xaAdnTOLY
TIC TIEPLITAOOELS BlAToVIXoU Xat U1y dlatovixol davelopou. TEyouvue tnv xhdon subdominant chord function0.4.5,
7 omolo apopd cuyyopdiec mou yenowornootvtar we tETapTn (IV) 1), dnwe oty ttdon II-V-1, we devtepn (II)
woc axohouvdiog ouyyoedidv. H enéxtach tne, n local subdominant chord function, yoll ye tnv xAdon local
tonic, xoAOTTEL ETAPXWS €VVoleg OTw¢ To oyetwd II, A onowdrinote dhAn ahhayr oTo TOVIXS *EVTPO, dPXETE

WXQT) WOTE Vo NV umopel vou yopoxtnelotel we petatpomnio.

H mo xplown Aettovpyio mou cuvavtdye 1600 GTNY AvIAUCH Hog OGO Yol OTLC TOPOTAVE UTOXAAOELS, elvol
n deonélovoa 1 dominant Aettovpyio. ‘Omwe eidoye xou oe mpoxtxd eninedo, anotehel éva and o Pooixd
douwxd otolyela Tne appoviag xou uropel vo ypnoulonoindel oe TOANG BlapopeTixd appovixd teptBdAlovTa. Xty
neplntwon g ovroloyiag mou e€etdloupe, €yovue TV xAdon dominant chord function0.4.6 1 omola oTic
unoxAdoels TN TEPLEYEL oYEdOV Ghouc Toug TUToL deombéloucas cuYyoEdlac TOU UTOPEL VA CUVOVTHCOUUE.
Ot 800 hettouvpyeleg mou dev epgaviCovtan oe aUTEC T UToxAdoelg, elvan 1 Aevtepevovoa Aeomdlovoa xou 1
Avuikatdotaon Aeonélovoas. 'Eyovue tnv xhdon local dominant, n onola Yo umopoloe vo yenolgedoet wg
LooBUVOUT Yol OPLOPEVES TERLTTWOELS deutepelovaag 1 avuxatdotaons deondlovoag, ahhd dev xahlmTeEL TO
oUVolo TwV TeptToewy. Enlong, elvan onuavtxd va avuyetonilovye autods toug dlo timoue deondlovoog
oLYY0pBlIC WS EEYWPELOTEC QUTOUGCIEC TMEQLITAOCELS XAl VO UTOROUUE VoL TLC avay Vepiloude xatd tny avdAvon.
‘Etot, autd mou mpdxeltal Vo xdvouue oty cUVEXELD, elval Vo eEeTACOUUE TL TEOGUAXES UTOPOUKE VoL XEVOUUE

o€ aLTA TNV ovToloyia, DOTE Vol TNV XAVOUUE OXOUT] TLO OVOAUTIXY GGOV apopd To aplovixd tTne Ae€thoylo.

0.4.2 IlpoocU7xeg xow ANNoyég

e auth TNV evéTnTa Yo ToeouCLdGoUUE TIC TPOGVAXES TTOL UropoLy va Yivouy oty Functional Harmony On-
tology, (>GTE VoL TO dpUOVIXS TEPLEYOUEVO TTOU Avamopla Td oL Yivel oxdun mthneéotepo. I'a va to tethyoupe autd,
Yo avTAooupe amd to Youowd undPadeo tou xegoraiov 0.2. O UETAPECOUUE TOUC XOVOVES TOU XEPAANLOU

oUTOV OE HOPYT TEPLYRUPIXNS YAWMGCOAS, axohovddVTaC TN douy| TNg TaEomdve ovioloylag.

H npdtn évvola mou Yo uhornotficoupe elvon 1 Asutepetouca Aeonolouca cuyyopdio, tnv onolo eEetdoaue oTo

xepdiaro 0.12.1. Me Bdon avtd, opilovue v xhdon SecondaryDominant chord function xon g utoxhdoeic
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dominant chord function

dominant

local dominant

local subdominant
parallel dominant

parallel relative dominant
parallel seventh dominant
relative dominant

seventh dominant

Figure 0.4.6: H »\dorn dominant chord function.

e, ™ Aeutepetovoa Acondlovca xdde SlapopeTUAC TOVIXAC.
MoaZi, oplCouue v xAdom Secondaryk'ifth, unoxidon tng xAdong chord type, 1 onola Aettovpyel wg evoLdueoT
¥A&om, xou Bondd oty Blatrenor g undpyouoas dounc tTne ovioroyiag.

1 class SecondaryDominant (onto.DominantChordFunction): pass

Listing 1: The Secondary Dominant chord function class.

N

class A_SecondaryDominant (onto.SecondaryDominant):

equivalent_to = [A_SecondaryFifth & (onto.hasNext.some(onto.A_ParallelTonic))]
4 is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
A_DorianTonality), onto.hasTonality.some(onto.A_LocrianTonality), onto.hasTonality.some (
onto.A_LydianTonality), onto.hasTonality.some(onto.A_MixolydianTonality), onto.

hasTonality.some (onto.A_PhrygianTonality)]

Listing 2: The A secondary dominant class.

1 class A_SecondaryFifth(onto.MajorChord):
2 is_a = [onto.A_Aeolian, onto.A_Dorian, onto.A_Locrian, onto.A_Lydian, onto.A_Mixolydian,
onto.A_Phrygian]
3 is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
C_IonianTonality), onto.hasTonality.some(onto.G_IonianTonality), onto.hasTonality.some (
onto.Bb_IonianTonality), onto.hasTonality.some(onto.E_IonianTonality), onto.hasTonality.

some (onto.D_IonianTonality), onto.hasTonality.some(onto.F_IonianTonality)]

Listing 3: The A Secondary Fifth chord type class.

1 onto.E.is_a.append(onto.A_SecondaryFifth)

2> onto.E11.is_a.append(onto.A_SecondaryFifth)

3 onto.E13.is_a.append(onto.A_SecondaryFifth)

. onto.E7.is_a.append(onto.A_SecondaryFifth)
onto.E7sus2.is_a.append(onto.A_SecondaryFifth)

6 onto.E7sus4.is_a.append(onto.A_SecondaryFifth)

7 onto.E9.is_a.append(onto.A_SecondaryFifth)

s onto.Esus2.is_a.append(onto.A_SecondaryFifth)

o onto.Esus4.is_a.append(onto.A_SecondaryFifth)

Listing 4: The that can function as an A Secondary Fifth.

To endpevo apuovixd ctolyeio mou Va mpoodioploovye eivor 1 Avuxatdotaon Asondlovcog 0.12.2. Me Bdon

TG TEPLYPOPES OIS GTOL TTROTYOUPEVA XEPEAaua, oplloude Tig axdroudec xhdoelg:
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class SubstituteDominant (onto.DominantChordFunction): pass

Listing 5: The Substitute Dominant chord function class.

class A_SubstituteDominant (onto.SubstituteDominant):
equivalent_to = [A_SubstituteFifth & (onto.hasNext.some(onto.A_ParallelTonic))]
is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
A_DorianTonality), onto.hasTonality.some(onto.A_LocrianTonality), onto.hasTonality.some (
onto.A_LydianTonality), onto.hasTonality.some(onto.A_MixolydianTonality), onto.
hasTonality.some(onto.A_PhrygianTonality)]

Listing 6: The A substitute dominant chord function class.

class A_SubstituteFifth(onto.MajorChord):
is_a = [onto.A_Aeolian, onto.A_Dorian, onto.A_Locrian, onto.A_Lydian, onto.A_Mixolydian,
onto.A_Phrygian]
is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
C_IonianTonality), onto.hasTonality.some(onto.G_IonianTonality), onto.hasTonality.some (
onto.Bb_IonianTonality), onto.hasTonality.some(onto.E_IonianTonality), onto.hasTonality.

some (onto.D_IonianTonality), onto.hasTonality.some(onto.F_IonianTonality)]

Listing 7: The A Substitute Fifth chord type class.

onto.Bb.is_a.append(onto.A_SubstituteFifth)
onto.Bbll.is_a.append(onto.A_SubstituteFifth)
onto.Bb13.is_a.append(onto.A_SubstituteFifth)
onto.Bb7.is_a.append(onto.A_SubstituteFifth)
onto.Bb7sus2.is_a.append(onto.A_SubstituteFifth)
onto.Bb7sus4.is_a.append(onto.A_SubstituteFifth)
onto.Bb9.is_a.append(onto.A_SubstituteFifth)
onto.Bbsus2.is_a.append(onto.A_SubstituteFifth)
onto.Bbsus4.is_a.append(onto.A_SubstituteFifth)

Listing 8: The that can function as an A Substitute Fifth.

H teleutaia npootinn mou Yo xdvoupe otny ovtohoyia eivar oo Mn-Awatorvikés Nupivouvites (0.12.4). Ilpoc to
napoy, otny Functional Harmony Ontology avogépeton udvo 1 povadiny| diatovixn viyvouita tou Peloxoupe
otnv appovio. Autr Beloxetan oty éBpoun Poduido tng appovixic eAdocovag xhipoxag. Mmopolue vo Solue

WS 1) oLy yYoedia auTH TEpLYpdpeTAUL OTNV ovtohoyia oto oyua 0.4.7.

Tt var cupmeptAdBoude Tic Pn Slatovixéc VIyvoulteg ouyyopdieg yia xdde TovixdTnTa, oxohovdolue TapoUoLaL
dradixacio pe mponyoupévwe. Ipdta dnwovpyolue tov avtiotoyo timo cuyyopdiac (chord type), NonDia-
tonicDiminished Chord:

with onto:

class NonDiatonicDiminished (onto.DiminishedChord): pass

Listing 9: The Non-Diatonic Diminished chord class.

Ytn ouvéyela, opllouye Yiot UTOXALOT U1 BLTOVIXAC VTIUVOLLTAC Yia Xdde TOVIXY, EMONUAVOVTAS TIC TOVIXOTNTEG
oTic onoleg ouupetéyel. o mapdderyua, yiol TIC Un SLTOVIXES VTWIVOLITEC GUYYO0EDBIEC TOU CUUUETEYOLY OTIC

Tovixétnreg g Aa, éyoupe:
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Chord = Chord
ChordType
AugmentedChord
DiminishedChord
DiatonicDiminished

A_HarmonicMinorSeventh
Ab_HarmonicMinorSeventh
B_HarmonicMinorSeventh
Bb_HarmonicMinorSeventh
C_HarmonicMinorSeventh
D_HarmonicMinorSeventh
Db_HarmonicMinorSeventh
E_HarmonicMinorSeventh
Eb_HarmonicMinorSeventh
F_HarmonicMinorSeventh
Fs_HarmonicMinorSeventh
G_HarmonicMinorSeventh

HalfDiminishedChord

MajorChord

MinorChord

SuspendedChord

Figure 0.4.7: Diminished chords as presented in the functional harmony ontology.

| class A_NonDiatonicDiminished(onto.NonDiatonicDiminished):

2 subclass_of = [hasTonality.some(A_AeolianTonality) &

3 hasTonality.some (A_DorianTonality) &

4 hasTonality.some (A_HarmonicMinorTonality) &
5 hasTonality.some(A_IonianTonality) &

6 hasTonality.some(A_LocrianTonality) &

7 hasTonality.some (A_LydianTonality) &

8 hasTonality.some (A_MixolydianTonality) &

9 hasTonality.some (A_PhrygianTonality)]

Listing 10: The A NonDiatonicDiminished chord type class and its tonalities.

Téhog, yopoxtneilovue Tic ouyyopdiec mou avixouy otn Mota 0.12.4 yia Ty x&de ToVXOTNTA, KOS U] SLUTOVIXES

VTLILVOL(TES 1.

1 with onto:

2 Adimb7.is_a.append (A_NonDiatonicDiminished)
4 Asdimb7.is_a.append (A_NonDiatonicDiminished)
6 Bsdimb7.is_a.append (A_NonDiatonicDiminished)
8 Cdimb7.is_a.append (A_NonDiatonicDiminished)
10 Dsdimb7.is_a.append (A_NonDiatonicDiminished)
12 Edimb7.is_a.append (A_NonDiatonicDiminished)

14 Esdimb7.is_a.append (A_NonDiatonicDiminished)
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Fdimb7.is_a.append (A_NonDiatonicDiminished)

Listing 11: The non-diatonic diminished chords for the keys of A.

‘Etol ohoxAnedvovta ol tpootixeg mou npaypatonotiooue otnyv Functional Harmony Ontology. ¥to endpevo
xe@dhono Go BOUUE TG YENOWOTOLACUUE TNV TOPOTEVG EVIUERWUEVY OVTOAOYId, Yiot VoL avohOGOUUE oL Vol

VLY VEOGOUUE TNV TOVXOTNTO XOUUITLOV TOU GUVOAOU DEBOUEVGY UAC.

0.4.3 AvdAiuvor pe yerorn ovioloyiag

Ye autd to onuelo Yo eZeTdoOVUE TOV TPOTO UE TOV OTOLO UTOPOVUE Vo avoahOCOUUE €V XOUUATL (S TPOG
TNV TOVIXOTNTE TOU, XAVOVTOG YEHoN NS Topamndve exdoyne tne ovioloyloc. I va o xdvoupe autod, Yo
OMULoLEYHooLUE Wia Bdom BEBOPEVKY GE LOPPY| ONUAGLONOYIXOU YEdPoU, ard TNy omolo Yo avTARoOoUUE dedoUEva
yenowornowdvtoe SPARQL queries.

Apywd, mpémel va petatpédouue Toug 0dNYoUs TWV XOPPATIOY Tpog avdhuan ot wopgr) OWL. Autd unopel vo
vivel yenowomnowdvtag Tic wiétnteg hasNext, xou hasPrevious ye tov axéioudo tpémo:
<rdf :Description rdf:about="file://onto.owl#chord_02_Ebmaj7">

<rdf:type rdf:resource="file://onto.owl#Ebmaj7"/>

<nsl:hasPrevious rdf:resource="file://onto.owl#chord_01_Cm7"/>

<nsl:hasNext rdf:resource="file://onto.owl#chord_03_Dm7b5"/>
</rdf :Description>

Listing 12: Description for the Ebmaj7 chord of a Cm7-Ebmaj7-Dm7b5 chord progression using OWL

H Swdixacio tou Yo axolouvdficouye elvon 1 e€ric. Tia xdde ouyyopdia Tou Tpayoudiol, Ga avoaxthoouue OAeg
¢ TovXoTNTES OoTIC omoleg unopel vo Aopfdver uépog. Me autdv tov TpéTo Unopolue va Tagivouiooupe xdde
ouyyopdla avIAOYX HE TO OV CUUUETEYEL OF WUiol CUYXEXPWEVY TovixdTnTa 1 Oyt. Eiodyovtag éva emmiéoyv
eninedo tadivounong, Vo emonudvouue T cuyyoedlec mou hauBdvouv uépoc oe xdmola peillova 1) eEAdocova
TOVXOTNTA, ONAXDY| QUTEC TOL LUTEEYOUY GTO GUVOAO CLYYO0EOLGY elte Tou lovixol elte ot éva amd tar cUvVoAX
oLy 0pdLwY Tou AloAxol, Tne Apuovixnc ¥ Tng Mehwdxrc Exdocovag. O otdyoc elvon 1 avdiluom va elvon oyt
povo 1 oxpu3éaTtepn oAAG xou 1) amhoVoTERY SuVOTY, BlvovTag TEOTEPUOTNTA GTA YEUEALDDY) GUVOA GLY Y OEBLOY

Tou yopoxtneilouy wa ToVIXOTNTA.

Tt v avdhuom pac Bo yenotwonotjocouye 800 and To TECOEPA XOUUATIO TOU AVOhOCOUE XAl GTO TEOTYOUUEVO
xepdhato. Xtdyoc elvon vo mapovsildcouue dUo dlapopetnég mepintioels. Ilpwta Yo €youvue v mepintwon
tou xoupatiol There will never be another you0.14.2, To onolo Stneel TV oy Tou ToVXGTNTA xod GAN
N Sudpxelo Tou. Aeltepoy, Yo e€eTdooUUE TNV TeplnTwot Tou xoupatiol Triste0.14.4, Tou onolou TovixdTNnTA

oahhdler yior éva pixpd apldud pétpmv.

T v avdivon v anoteheopdtwy, Yo unoloyicovye ta axdrouda otatiotxd yia xdde tovixdtnro. H
BaOuodoyia Tovikétntag avapépetal 010 CUVOAXS dpldud TWV GUYYOEDLOY TOU XOUUATION TOU Umopoly Vo
oavaALo0Y WG UEEOS OTIOLOUBHTIOTE EX TWV GUVOAWY GUYYOPEOLY TNE CUYXEXPWEVNS Tovixotntag. H Awroriki)
Baluoloyia avapépetar uévo oTic ouyyopedleg Tou elvor BLATOVIXES OTN CUYXEXELLEVT TOVIXOTNTA, dnAodY| ot
QUTEC TWV GUVOAWY oUYY0EdLOY TN petlovac xor tng eAdoocovas. Ouolwe, 11 Mellova Balpoloyia, Yo nepihop-
Bdvel uévo Tic ouyyopdiec mou cuppetéyouy otov Yellova Teémo, eved 1 EAdooova Balpodoyia Yo nepthapfBdvel
HOVO T GUYY0pEdiEC TOU CUUPETEYOUY GTOV EAdocova Tedmo. Télog, Yo cuvdbudoouue auTég TIC PETEIXEC OF

poe auvony| Baduoroylo, 1 omola Vo elvan €voc otoduouévos UEcog 6pog, ELVOWVTAS ENAPEWS TIC TOVIXOTNTES
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ue xahbtepn Atotovixy Boduoroyia évavtt Boduoloyiac Tovixdtnrog, yio touc Adyoug mou avapépope Tpo-
nyovuévee. O tinog e cuvohuic PBaduoroyiog elvon o e€xc:

Overallscore = 0.8 « TonalityScore + 1.1 x DiatonicScore + max(MajorScore, MinorScore)

Ilepintwon 1: There will never be another you

To cuyxexpwévo xopudtt Beioxetan oe Mi Opeon peilova xou amotekeiton and cuvohxd 39 cuyyopdieg. Ou

TOVXOTNTES PE TIC TEGOEPLS XAAUTEPES cLVOAXES Padoloyieg elvan ol axdrovdec:

Table 1: There will never be another you avdiuon péow ovroroylag

Meilova EAdoocova Aiatovixr 3. B. Tovixétntoag JdOvolo

M. Ogeon peillova  74.36 26.21 94.87 94.87 84.87
Nto ehdocova 35.9 76.92 89.74 94.87 83.85
Y1 Ogeon pellova  69.23 35.9 79.49 94.87 77.52
Do peilova 38.46 58.97 74.36 94.87 72.22

‘Onwe BAémoupe, 1 Mt Ogeon pellova evionileton owotd ¢ 1 mdovdtepn ToVdTNTA Yo TO XOUPdTL. Xuyxeivov-
tac Ti¢ Paduoroyie e Ye autéc TV GAWY TovixoTHT®Y, BAémouue twg 1 Awtovixy| Baduohoylo anotelel
Tov xadopioTxd mapdyovta. Autéd emPBefouvel Ty emdlwin Tou 1 avdiuon va eival 660 To BUVATOY TLO ATTAY,
npoxeévou 1 medPredn va eivar doo to duvatdv axpBhc. Iapd to yeyovdg bt xaw oL Téooeplc TOVIXOTNTEG
éyouv v Bl Baduohoyia Tovixdtntog, to yeyovog ot otny nepintwon tne Mi Ogeon peilovag, undpyel Tohd
peYahOTEEY YpoN SLUTOVIXGDY GUYY0EBLOY, TNV xahoTd TEAXE To xAewl Tou Teplypdpel xaAbTepn TNV opuovia

TOU XOPPaTION.

‘Eva pépoc twv anoteleopdtwy mou npoxahel evdilagpépov, elvar o Yeyovdc 6Tl oL 800 UPNAOTERES GUVOMXES
Barduoloyieg elvon apxetd xovtivég. Qotdoo, autod elvon avopevouevo, Aoyw Tou 4TL oL avTioTOLYEC TOVIXOTNTEG
elvan oyetiég uetagd Toug . ‘Onng avapépinxe oe TpoNYoUHEVR XEQIAN, 1) OYETXH EAdoGOVa Uiog pellovag
TovixdtnTog Eextvd amd v €xtn e PBardulda, elvon dnhadr loodivoun ye tov Alohixd tpomo. XNy mepintwon
aUTY, Ta Sltovixd ohvoAa cuyyopduwy Tne Nto ehdocovag elval, To cOVOAa cuyyoedwy Tou Nto Alohixoy,
e Nto Apuovixfic ehdocovag, e Nto Mehwdurc ehdocovae xou e Nto pellovoc. Meta€l autdv twyv
TeE00dpwV, LTdpy oLV Teio GUVOAL GUYY0EDLKOY Tou TawtilovTa 1 elvon TopdpoLa e T GOVORA GLYYOEBLOY TNS
M. Ugeon yellovac. Autd eivor, To oOvoho Guyyopdidy Tou Nto AloAxol, mou tautileton e Tov Mi Ggeon
Tovixd Eexavadvtag and v éxtr Podulda, xou tor chvoha cuyYoedldy Tng Apuovixfc xor Mehwdixfic eAdocovag,
Tou BlapEpouy amd To ahvoro Tou M Ugeon Tovixol xatd pla xou 800 cuyyopdiec avtiotouya. Elvar gavepd mwg
oL 8U0 AUTEC TOVIXOTNTEG EYOUY EVOY GNUAVTIXG apldUd oY cuyyYoedldv. Autéc ol cuyyopdiec Yewpolvtal
dlatovixég xan oTic 800 TowxdTNTES, ahhd Bploxovton ot SopopeTinég Poduldee, enouévmg 1 Aertoupyio Toug
dlapépet avd neplntwor. Iopatnedvtac Ti¢ Vo TEWTES cLYY0EBIEC TOU XOUUATION, SLUTOTOVOUNE WS OTNY
neplntwon e Mu Ogeon peifovag avalbovtar wg Imaj7?, evdy oty nepintwon e Nto eAdocovag wg to
bIIImaj7. Autd to yotifo emavohoufBdveton apxetd xotd TN Sdpxela Tou xoupotiol. BéBoua, autd elvar xdt
nou 1) daduxactio tou axolovdolpe ayvoel, xou Yo Enpene vor ayvoel, xodde dev elvon amapaitnTo Twe Evel XoupdTL
Yo Eextvd mévta ue N ouyyopedio e mewtne Borduidag. AouBdvoupe duwe piar déa yio to L umopel va xorhotd
plar ouyyoedion xplomun yio Wiot TovxoTNTa, Wat €vvola Tou Jo avadelydel axdun neplocdTEpo 0TV ENOUEVT

neplnTwo.
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Case 2: Triste

To cuyxexpévo xopudtt Beloxetar xvplwg oe X Opeon peillova tovixdtnTa. Lt uétpa 13-15 undpyer pio
oUvtoun petatponioa ot Pe pellova. T opyr, do urohoyicoupe Tic mopamdve YETEIXES YLO TO GUVORO TeG
oLy yopdlwy tou xoppatiol. O téooeplc LPnhdTepes Padporoyieg mou mpoxdnToLY and To cUVoro Twv 39

oLYY0EdLY, elvan ol e€X¢:

Table 2: Triste avéhuon péow ovtoroyiag

Meilova EAdococova Awatovixy B. B. Tovixétntag XZOvolro

1 Opeon pellovo  74.36 38.46 89.74 94.87 82.99
Do peilova 71.79 53.85 89.74 97.44 82.82
Nto yeilova 69.23 48.72 87.18 97.44 81.03
Yok EXdooova 48.72 58.97 84.62 97.44 76.67

IMopatnedvtag to anotehéopata, PAETOVUE TS 1) x0ptat TOVIXGTNTO TOL XopuaTiol, dnhadh 1 Xt Opeon pellova,
elvor xou ot mou hofdver Ty xohltepn cuvohixy| Boduoloyio, Tapd TO OTL CUYXEVTEWVEL EAAPEWS YELLOTERN
Boduoroyia Tovixétnrac and tic undrownec. H ouvoluer Baduoroyia @aiveton va unv ennpedletan Wiodtepa
amd T aAhayr) TovixdTnTog, dedopévng tne wxpnc Sdexelds Tne. Autd, av XL oVUUEVOUEVO, CNUOLVEL TS dEV
uTdpyel xdmotor EVOELE YLol O Y] TOVIXOTNTAS TOU VoL TPOXUTTEL OO TO GTATIOTIXG AMOTEAEGUATA, YEYOVOG

nou eyelpel To gpdTNua Tou TS Yo pnopoloe xdtt téTolo vo emttevyVel.

Tautdypova, OTWC XaL GTNY TEONYOUUEVN TERITTWOY], TUPATNEOVUUE WS oL Teelg umAidtepeg Baduoloyiec e&-
oxohouBolv va €xouv wxen dlapopd peta€d toug. Xuyxexpyéva, extoc e Xt Meilovag, €youpe xou Tig
tovixdtntee Pa Mellova xou Nto Mellova, ot omoleg enione gaivetan va mpooeyyilouv apxetd TV TovxdTnTa
Tou xoppotiod. O xbplog Aoyog, elvol TS Ol CUYXEXPIIEVES TOVIXOTNTES €YOUV TOEOUOLO OTALOUS UE TNV XL
Ogeon pellova, dnhadh yenowonoioly mapbuoles vpéoels A Biéoets. T mapdderyyo, N Xt Vgeon uellova (Bb,
Eb) anéyer uéhic po bpeon and my Do peiCova (Bb). Avtiotowya, n X Ugeon peilova améyel 0o vpéoels ond
v Nto peifova, n onola Sev €xel xapio Opeon. H Onopln tne Yok ehdocovag otig T€00eple UPNAGTERES GUVO-
Mxée Podporoyieg etvan evitoppuvtiny, dedouévou bt TpdxelTal Yio TN oyeTxy| ehdocova tng Xt bgeon uellovag.
Ye uio mpooTdvetla vor xatavoicouue xohiTtepa TNV oxpifela tng avdivorg uog, Yo e€etdooupe Eeywelotd To

000 Uépn Tou TEaYoUdLOV PE DLUPOPETIXEC TOVIXOTNTEC.

Mot Yo e€etdoouye oto clvoro twy 34 cuyyopdidv nou Beloxovton oe X pellova:

Table 3: Triste avéiuon pe ovtohoyia (Hepioyh Tu Vpeon)

Meifova EAdoocova Awatovixr 3. B. Tovixétntag JOvolo

1 Ogeon peilova  76.47 44.12 94.12 100 86.67
Do pellova 73.53 58.82 94.12 100 85.69
Nro peilova 67.65 50 88.24 100 81.57
Yo\ EXdoocova 47.06 64.71 85.29 97.06 78.73

Iopoatnpolye twe ol téooeplc LPNAdTepes Barduoloyiec avixouy oTic (BIEC TOVXOTNTES UE TEONYOUREVWLS, HOVO
TIOL TPV UTIAPYEL EVag EAAPEOS UEYAADTEROG BlaywpeloUds. Av xou mpoxetton yior evioppuvtiny évoeln, agllel

Vo TpooTodNooVUE Vo EpUNVEVGOLUE TO YTl 1) Sapopd peta€d tev By Tovixotitewv eaxoloudel vo elvan
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wxet). Iponyouuéveg, avagpepdiixaue oto T onuaivel wa ouyyoedio vo elvar Kpiowun, dnAadh 0To 6Tl OpLoUEVES
dlaTovixég ouyyopdieg, Aoyw tng Paduidag toug, purnopel va €youv yeyohiteer Bapdtnta otov xadopiond g
TOVIXOTNTOC EVOC XOUMATION. 2TO CUYXEXPWEVO XOUMATL, €YOUUE APXETEC oLYyopdlec mou Yo pnopolooy vo
avoluldolv oe onoldinote and Tic T€ooeple aUTEC ToVIXOTNTES. AUTO Tou Slaoponolel Tl avaAUoELS aUTEG,
elvar 0 pdhog mou modlel 1 xdde ouyyopdla o xdde tovixdnra. Ia mopddelyua, dev Yo ymopolooye vo
Loy LELOTOVUE Twe To xouudTl elvon o Po pellova, mopd v LPNAY Baduoroyio Tou cuyxevtp®yvel N ev Aoyw
tovwotnTo. Kdti tétolo Yo ayvooloe to yeyovde dtL €youue cuyyopedieg pe peydin apuovixy| Bogbtnta otn X
Opeon Wellova, Omwe 1) Tovix 1) 1) TEUTTY, oL onoleg €youy Uixpotepn oyl otn Po yellova. H xatavonon authic
NG €Vvolog YIVETOL axOUn TLO ETUTAXTIXT OTAY GTOYEVOUUE GTOV EVIOTIOUS OAAAY MY TOVIXOTNTAS EVTOS XATOLOU

xoupatiod. Xuveyilovtog, BAénoupe 0 cuvokxd Badpohoyia vl TNy Teptoyr Tou xoppatiob mou Beloxetal oe

Pe pellova:
Table 4: Triste avéiuon pe ovtohoyia (Ilepioyy| Pe peilova)
Meifova EAdoocova Aiatovixr 3. B. Tovixétntoag JOvolo
Pe EAdooova. 60 80 100 100 90
Pe Meilova 60 80 100 100 83.33
Ao Ehdooova 40 60 100 100 83.33
N=to Me{lova 80 0 80 80 77.33

Iopotnewvtag Ta anoTeAéopATa, AUTO TOU TEoXAhel apyLxd ExTANEN elvan To Yeyovdg 6TL avtl yio ) Pe peilova,
n vinidteen cuvoluy| Boduoloyio avipxelr oty TovixotnTa e Pe EXdocovag. H Pe pelfova cuyxevtpdvel
v B Boduoroyio ye v Aa ehdocova, e T 800 TovixdTNTES VoL Elval TUPOUOIES 6GOV aPopd TOV OTAMGHO,
%ol améyouv pohc dvo Siécelc petadld toug (F#, C#). BéPouo, wldue yio éva 6OVORO TEVTE oLY ORIV,
enopévwe to Belyua elvon apxetd wxpd. BTNV TEAYUUTIXOTNTA, TO €pOTNUO elvon xou THAL, To Told elvon 7
Aettovpyia mou Yo mpénel va éyel xdde pla and autée T Tévie ouyyopdie, 1ol WoTe Vo eyxaddpleTal TApwS
N véa tovixotnra. H mpddtn ouyyopedio tne odiniouyiog, mpdxeiton yio Ty tovixy tng Pe ueilovag whipaxag,
Dmaj7. Autr elvon 1 ouyyopdio mou xadlepdvel Yo TEMTN Gopd TN VEXL TOVXOTNTA, EVE AUTO TOU axOAOUDEL,
elvon wa oelpd amd dadoyée II-V-I ntdoeig mov, extéc twv cup@ealdueveny, uropoly ofyoupa vo avahudoly
o€ omoldNTOTE And T TOVXOTNTEC Tou eldoye mapamdve mopomdve. EEdAlou, 1 apuovixh tolumhoxdtnta
anoteel Baond YopoxTNELOTIXG OAOXANEOU TOU GUVOAOU DBedouévwy. doTbdo0, 1 appovixy BaplTnTa Tou EYEL
N ouyyopdla Dmaj7 we tovixy, elvon autd mou Swtnpeeiton 600 ouveylletar 1 undroiny oaxoroudio, xon qUTH 1
Nyt avtiAndn TV dproviX®yY xEVTpwy elvor auTo ToL TEETEL VoL ETUBLOEOVYE Vo TpoceYYicouue HEANOVTIXA.

IIpoc o moapdy, Yo dodue av, o TS, XATOIES FAAES UTdpY 0VGES TRoXTIXES avTeTwTICouY To eV AoYw AT

0.5 MeYodol AioAoynong

Ou pédodol a€lohdynone mou yenoiwonolfjoope elvon cOUPwVES pe Tic Tumxég Sobixacieg afloAdynone mou
umodewviel To MIREX, yio to xoupdtior tov mopapévouy oe plo povadixy) tovxotnta. o xdlde oyéon uetagld
tou ground truth xo tne extipduevne tovxdtntoc and v €€odo Tou ahyoplduou (i, didotnua TéunTNg,
oyetx i TapdAAnAn) Loyvouy dpopeTtixol cuvteheoTtéc BaplTnrag, ol onotol cuvdudlovton yio T dnpovpyio

evoc ototulouévou Uéoou bpou, Tou amoteAel TNV TeEAxY| Baduoloyia Tou exTunT.

Tt T xoppdtior Tou dev Topopévouy oe i povadixy TovxdTnta £xouue 800 Tepittioelg. o ta epyoelor mou

0ev Dlord€Touy AELToLRYIXOTNTA TOTXNC TOVIXOTNTAS, oxoAoudolUe T1) Sladixacior TOL TEPLYEAPNXE TOLTAVE,
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xplvovtog ta pe Bdomn Ty avdTnTd Toug var evtomi{ouy TTN TedTY TOVXOTNTA oL elgavileTol GTO XOopudTL.
Auté, 6mwe Yo Solue, umopel va amodetydel Svoxoln Swodixacio, dedouévou 6Tl auTH Unopel vor ahhdEel apxeTd

voplc.

Yt neplnTwon EVIOTIoUOD TOTUXDY TOVIXOTHTWY Tou Topéyeton and to gpyoheio justkeydding, Yo aliohoyh-
coupe av 1 £€080¢ £vo anodexty], ouyxpivovtag PeTal Tng e€6B0U Tou aAyoplduou XaL TNS JEUOVIXHAC avVAAUCTG
7oL €y oulE 1O Tparyotomolfoet. Ievixd €youpe xdmota eveMéio we TEog To T6Co uxplBéC TepUEVOUUE Vo elvol
1o onpeto ahhayic Tovxdtntac. ‘Etot, oe nepintdoelg mou 1) é€odoc evionilel 6ha Tor Tovind xEvtpo Tou eUpovi-
Covtan 6T0 XOUUYTL, TEOCEYYIOTIXA XOVTA 0T0 onpelo Tou cuUBaivouy GTNV TEOYUATIXOTNTY, avTio Tolyel Bdpog
pe TN 1. Auth n evehi&la Loy del enlong YLo TEPLTTMOELS TOU XAnold SAAEC TOVIXOTNTES, OL OToleC BEV UTEPYOLY
TNV avdhuGT| Log, eupoavilovTon 6To xopudTt K¢ petafotindg apuovixog Bopufog, und Ty npobndldeon 6Tl autd
ocupPalvel v ToAd Glvtopo ypeovixd dldotnua xou dev UTdpyEl HEYEAOS apldude TETOlwY TovixoTATwy. Edv 7
oxpifela e npdPredne A N mtoodnTa xou 1) didpxela Tou YoplPou unepBaivel To anodextd Gplo (uetadd 1 A 2
péTpwy, avdhoya pe T didpxela Tou Tpayoudlol), Tote egapuoloupe Bdpoc pe tuf 0,5. Téhog, edv 1 é€odoc
elvon TéTola, oL dev mapEyel xapla Yprioudn appovixr TAnpogopia cUYXEloWN UE TN BLxY| LoC AEUOVLXY| OVIAUGT),
hapPdver Bdpog ye tun 0.

0.5.1 AmnoteAéopata xol cuyxploelg

3o mopoxdTe XEPAAA0 Vol BLEPEUVACOUUE TO UTOTEAECUATA TOU TORNYOYoy oL ohyoplduol Tou avagéotnxay
TEONYOLUEVWCE, EXOVTAS WS £l0080 To Bixd Yo cUvoho dedouévwy. Ta xdde alydprltuo, urtohoylloupe mpwTa
1 ouvoixy| Baduoroyio MIREX xaw oty cuvéyela utohoy(lovpe Eeywetoté tic Baduoloyieg yio tparyoldio mou
TapaéVouY oe Uio LOVOdLXT TOVIXOTNTA, oL Yo Tol Teoryoldla Tou dLépyovTon amd ndvew and pio. Kdétw and
auTtég Tig Teelg Padporoyieg, avagpépoupe xa Tig Baduohoyleg Tou moaphyaye o exdoTote alyoprduog, ye elcodo
T TUTIXA oUvola BEBoUEVwY o Yenoldonolobvton oty afloAdynon tou akyoplduou ué Bdorn Tic dwdixaoleg
tou MIREX Audio Key Detection task. I'ta toug odyopldpouc mou npocpépouv Aettovpyla evtoniogo) tom-
OV TOVXOTATWY, Vo Tapéyouue v avtiotoyrn Paduohoyio, cOupwva pe 0 Aoy TOU TEPLYPAPETUL OTNHY

TEOTYOUUEVY] TORAYEAUPO.

justkeydding

O npdtog alyopripog mou Vo yenoulomolicouue yio doxég elvon o alydprduog justkeydding 0.1.2. Ou Bord-
pohoylec MIREX mou emtelydnxayv péow twv melpopdtenv yog uropoly va Peedodv otov mivaxa 5. Me wa
TN Wotid, BAénovpe 6Tl 1 cuvokxn Padporoyla MIREX tou akyoplduou mou yenowonolel 1o dixd pog
cUVoLo Bedopévwy elvan 1 yaunhotepn Petadd GAwY Twv eEeTacVEVTLY CUVOALY Bedopévwy. Autéd amotelel wia
TRAOTN EVOEEN OTL TO Bix6 pag oUVOLo amoTtelel TEdyUoTL TEOXANOY Yiot TOV 0AYOELIUO GE GUYXELOT UE OPLOUEVES

GAAEC TEQIMTOOELS.
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Table 5: MIREX scores yta Tov ahyoprduo justkeydding

Same 5th Rel Par Other Overall

Real book all 56.34 12.69 11.19 4.85 14.93 67.02
Real book singlekey 63.03  12.72 10.3 4.24 10.3 72.89
Real book multikey 45.63  12.62 12.62 5.83 22.33 57.45

MIREX2005Key 8243 9.74 391 088 3.04 88.65

GiantStepsKey 99.6 8.44 1043 4.8 16.73 67.91
Isophonics 68.056 851 7.82 529 10.35 75.7
RobbieWilliams 65.61 11.64 7.41 1.06 14.29 73.86

Billboard2012Key 69.86 1096 6.16 6.16 6.84 78.42

Eexivdue TIC TapaTEnoElS Yo ouyxplvovTag Tic emépoug Boduoloyies yia tol utochvola Tou opopolY Xou-
péTior e povodixn xou mtohhamhéc TovixdtnTeg avtiotolya. BAémoupe nwg umdpyel wa, avauevopevr, Beitinon
oty anédoor Tou oiyoplduou, oe oyéorn e v Podporoyia yia To cuvolixd dataset. Ilog’oN autd, auth
e€axolovdel va elvon 1 deltepn younhotepn avdueoa ota undroina dataset. Exel mou undeyel onuavtxn ntdon
otny anddoaon, eivar oty Asitoupyelo eviomouod xor Tomxwv TovixoThTwy. o tor 102 xoypdtior mou TepLA-
ouPdvovtal o auté To LUToGUVoho, €youpe Bodporoyia mou amoxhivel xatd mohd and v Baduoroyia yia To
nAeec dataset. Evog onpavtixde napdyovtog eivar o miaveds HEYIAOS apldds XOUUATIOV PE HETATROTIA EVTOQ
TV TEOTWY 30 SeuTEPOAENTWY Toug, dnwe eENyHooue xou Tponyouuévee. Eva dhho evdeyduevo etvor 1 oyéon
petal TNg TovxdTnTag mou evtomileton and Tov alyopripo xon TG mpaypoTixig, va unv ebvar dueon. Autd
onualvel 6T Yo umopolice va efval XAmMoOL0¢ GUVBLUCUOS TWV TEKTORIULWY OYECEWY TOL BN YETOWOTOLOUUE
yioo Ty tadvounon, dnhadn e yertovifc (f dldotnua Hng), TS OYETXAC ol TNS TOEEAANANG TOVIXGTNTOC.
‘Etol, oe wa npoonddeia va dlepeuviiooupe nepeTaipn To anoteAéopata, Yo npocdlopicouue tn oyéon mou €yel
N EXTWOUEVY] PE TNV TEAYUATIXY TOVIXOTNTA, Yio TLC TEPLNTAOCELS OOV 1 TN Tagvouriinxe otnv xatnyopia

"Al\o". H oyéon toug umopel va yapaxtnelotel we wia and Tic mapaxdTe:
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Table 6: Katnyopiec "dAhwv" appovixdy oyecewmy

Yyetuxf I'ettovixrc (RoA) H tovixdtnta mou aviyveveton elvar m
OYETIXT XETOLIC YELTOVIXAG TNG
TEAYUOTIXAC

IMapdAAnin F'ewtovixnic (PoA) H tovixdtnra mou aviyveveton elvar m
TUEGAANAY XETOLAS YELTOVIXAC TNG
TEAYUOTIXAC

Tewtovixr I'ettovixhc (AoA) H tovixdtnta mou aviyvebetan elvon
YELTOVIXN XATOLOG YELTOVIXNG TNG
TEOYHATXAC

Yyxetixf tne HopdAAnine (RoP) H tovixdtnta mou aviyvebetan elvon 1)
OYETIXN TNG TUPAAANANG TNS TEAYUATIXAS

IMopdAAnAn tne Lyetixnc (PoR) H toviotnta mou aviyvebetan elvan 1)
TAESAANAT, TNC OYETXNAG TNS TEOYUOTIXAC

IMeowpec AN ayéc (EC) H tovidtnra ohhdler onuavtind

TOLAGYLOTOY Wat Popd uéoa ota mpdTa 30
BEVTEPOAETITA TOU XOUMATION
Evopudviec (EH) H extidpevn xou 1 meoy oty TovixoTnTa
elvan NYNTE LoodUVOPES, ahAd €xouv
Slopopetinéc appovixée Wibtnree (Pa dleon
peiCova,/ Xok Ogeon yellova)

Kopio Ot 800 TtovixdTnTES, elte €youv oyéon 3ou
N weyohltepou Boduol, elte dev €youy
xapio oyéon peta€h Toug

Me Bdon avth ) pédodo yopoxtneiopo, yia Tic ""Alkec" nepintwoelc Tou ahyoplduou justkeydding éyoupe:

Table 7: "Alkec" nepintddoeic: justkeydding

H RoA EC PoA PoR AoA None RoP EH H
IHE 6 3 2 2 1 1 1

Ané ta mopandve TpoxinTouy dUo mopatneoelc. Apyxd, @alvetal vor UTEEYEL Wit TAOT TEoS AovOdoUEVO EV-
TOTUOUO TOVIXOTHTWY TOL ElVoL OYETWES XAmOLIS YELTOVIXAC TNne Tparypotixfic tovixétntoe (RoA). H deltepn
napatienon Epyetan vo emPBeBattdael Ty UTOUEST] UUC OYETIXG UE TO TG TPWOWIES AANAYEG OTO TOVXO XEVTPO,
uTopoLY Vo ennpedcouy Ty €£0d0 tou akydpriuou. Eved n Onapén evdc yeydhou aprduol téTolwmy TeptThoemy
elvon pofAéduur, autéd Tou TpaypaTIXG EToNUOlVETOL, EfvaL 1) avay XN YLl plat TPOGEYYIoN Tou e0TIdLEL TERLO-
0HTERO GTNY AVIYVEUCT] XAl TOV EVIOTIOUS TWV HETABOADY 0TO ToVXd X€vTpo. AuTo YiveTow axour To EUPOVES

OTAY TOPATNEOVUE TA ATOTEAECUATA TNE AELTOVEYIdG ToTxg TovxoTNToS Tou alyoplduou justkeydding.

Table 8: Baduoroyia tomxcdyv tovixotitwy: justkeydding

Same Adjacent Other Overall
Real book mulitkey 13.59  54.37 32.04 40.78

E€etdalovrtog auvtég g Padpoloyieg, elvon eppavéc mog undpyel onuovtxy aduvauic oTtov aEldTGTO EVIOTUGHO

TRV ToVIX®V ahhay®v. O xOploc AOYoc yia ToV 0Tmolo, OTIC TEPLOGOTERES TEPINTAOCELS, 1) é€0d0¢ dev umopel
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vor Yewpniel appovixd aflémotn evon o uPnAdg Baduodg Sloxupdvoeny. XTI TEQLOCOTEPES TEPLTTOCELS,
napatnpolue otny é€0d0 Bapxelc ahhayée UeTtoll evdc peydhou aptduol TOVIXOTHTWY, Ywelc AUTES Vol YopoX-

neilovtar and xdmola apuovixy) GLVOYY.

TNt Topddelyua, o TEONYOVUEVO XEPIANLO TUPOUCLACUUE TNV UPUOVIXT AVIAUCY) OPLOUEVGY EX TWV XOUMOTIV
tou dataset. Metall auTdv TV XOUPATIRY, HTay o to xoppdtt "Recordame”, mou givar eniong éva and to
XOUUATLOL TTOU OVAXOLY GTO UTOGOVOAO XOUUATILV TOMNATAGDY TOVIXOTHTWY. € ULlal TPOOTEVEL VoL ATOXTHOOUUE
AATOLL EXOVAL TYETIXG e Tar Suvartd onueia X Tig ehheldelc TS AELTOURYIXOTNTAS OViYVEUGTS TOTIXMY XAELBLDY,
Yo ouyxplvoupe TV appovXy avEAUGT TOU 0 ahY6ELIUOC TUPNYAYE VIO TO CUYXEXEWWEVO TEUYOUdL, Ue TN OixY

pog avdhuon and to xepdiono 0.12.4.
H avdiuon tou adyoplduou justkeydding elvou:

[777 ’F77 ’F77 7F7’ 7F‘77 7F"7 7F"7 7Bt)’7 ’131:)’7 7Bb7, 7B]377 7Bb7’ 7Bt)77 ’Bb’7 ’13]:)’7 7Bb7’ 7]3t)’7 ’bb?, 7Al)’7 ’Ab?, 7Al)77
7Ab7’ ’Ab?, 7.A.'b77 ’D'l:)77 7F#7’ 7F#7’ 7F#7’ 7D]9’7 ’Db7’ ’bb?, 7B'l:)77 7B'b77 7B'b’7 7F7’ 7F’7 7F” 7F\77 7F7]

Bhémouye 6Tl autdc 0 tOmog e€680L Bev mopEyel amopalTnTa YeNOWES TANEoQoplec Yo SLdpopous AbGYouS.
Apynd, €youye yio oelpd omd 39 TWES, YWELOUEVES PE XOUUd, UE TNV XEVE piot vor avTioTol el oty TovdTnTa
TOU XOUMATION TN CUYXEXEWEVY oTiypn. 2oT600, Bev elval CopéC O TTOLO UETPO TOU XOUUATION AVTLOTOLYEL 1
x&e Tin, xS To apyxd TpayoLdt aroteleiton and 17 pétpa. Lo var xotavoricoupe xohdTepa TNV dpUOvLXY
avdAuor mou odfynoe oe autd ta anotehéopota, Yo 8®MooLUE we €lcodo ToV 08NYO TOU XOUUATION GEUOEYPY
musicxml, énwe gatveton oo 0.14.7. Autéd Béona Bev anotelel Théov aviyveuon ue Bdon nymtxd uéoa, epdoov
yenowonoteitoaw oupBolnt| elocodoc. Qotdoo, VYo yenotponolhooupe Ty €£000 yia var BoUPE %aTd OGO HOG
napéyel YenodTtepn TAneogopla an’ 6T avtn tou Pacileton oe NYNTXE Yoo, XeNoWWOToLdVTIS T CUPBOAIXY

eloodo éyoupe to axdhoudo anotéleopa
[7F7’ 7F77 7F7’ 7F77 7Bl:)77 7B‘l)77 7Bb7’ 7Bb7’ 7Bb7’ ?Ab?, 7Ab7’ 7eb7’ 7eb77 ?F?, 7C?’ ’a7’ 7a7]

Apéong Brénoupe bt auth 1) €€odog elvan euxoAdTERO Vo yivel xatavont. ‘Eyouue 17 tuée, xdde plo and tic

OTOEC OVAUPERETAL GTNY TOVXOTNTO TOU XOUHATION OTO AvTlOTOLYO UETEO.

Iapovsidoouye ta Tovixd x€vtpo autd oto oyfua 0.5.1. Ou tovixdtnteg Ao eAdocova xou Pa, 3 Upeon xau
Ao Opeon petlova anewovilovto ye ta (Blar ypoduota o elyay oty avdhuon pac: avolyté Tedotvo, oxolpo
umhe, xitpwvo xan yarhdlio. Ot tovixdtnrec M Ogeon ehdocova xa Nto peilova aneixoviovton ye moptoxaii

o 6X0UEo TEdoLvo avtioTolya.

Ta yétpa Twv omoiwy To anotéheoya elval GOUPWYVO PE TNV avdiuct] pog elvar tor 8-11, 14 xon 16-17, dniady
oLVOAXE 7 pétpa and tar 17 Tou tpayoudiol. ‘Etaot, éyouue mAéov 10 pétpo mou aviyveltnxoy ECOUNIEVIL Xou T
onola Yo e€etdoovye. Eexitvdpe pe ta pétpa 1 éwe 4, dnou avtl yia Ao ehdocova tovixdtnta, oty €080 €youue
Do peifova. Me yprion tou avtiotolyou nivaxa 18 unopolue va avory vwplooupe auth TNV TEpinTeon g LyYeTxy
TCertovinhic (RoA). Auté elvan éva Topddolo anotéheopo hopPdvovtag uvnddn to yeyovde 6t i ubvn ocuyyopdio
nou gugpavileton oe auTd To uétpa elvan M ouyyopdia ha ehdocova. Ilpoywedvtag ota pétpa 5 ng 7, dmou
otnv €€080 €youpe Xi peon peilova avtl yio Nto ehdocova. Ilpdxeiton xon mdhl yioo TNy nepintwon Myetxig
TCertovixne (n Nto eldocova eivar n oyetxd e M dgeon ueillovag mou €yel néuntn e ) Xt Ogeon). Ko
T, 1) w6V ouyyopdia mou eugavileton elvan 1 Tovix TG Tparypatxhc Tovixdtntog, dnhadh 1 Nto ehdocova.
1o uétpo 8 éyoupe Eavd vTo ehdocova cuyyYoedia, OV oL aUTY T Qopd AVAXEL HVTWE GTNY TOVXOTNTA TNG
X Ogeon peilovag, Aettovpywvtag w¢ IIm7, yeyovde mou delyver 6t o ahydprduog avtihauBdveton to II-V-I

nou oupPaivel oe exelvo to onuelo. Ta endueva pétpa mou meEémet vo eetdoouye eivon tor uétpa 12 xou 13. Edch
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Recordame
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Figure 0.5.1: Recordame justkeydding: tovixd xévtpa
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avtl yia Yok Opeon uellova, €youvpe ML Gpeon ehdocova otny €€060 Tou ohyopiduou. And tn pla, PAGUE Yo T
OYETXT EAACCOVAL TNG TEAYHATIXAS TOVXOTNTOC, 1) ontola BeV anéyel TOAD and 11 cwoTh andvinor. {2otdco, To
YEYOVOG OTL 1) TOVLXY] TNG EXTYWOVUEVNS TOVXOTNTOC BeV eppaviletar xadohou e autd Tor HUo pétpa, dnuLovpyel
EPWTAUOTO OYETIXE UE TO TS Yo umopoloe va tpoxlPel autdg o yapoxtnelowde. To endueva 8o uétpa eivor
o teheutala ou Yo mpénel vo e€etdooupe. Xe auTd, cUUPWVO Ue TNV avdhuot uog, Yo énpene va éyoupe Do
petlova tovixdtnTa. Xto npdTo pétpo, 1 €€odog toupldlel Ue TNy avdhuoy| pag, Ouns, oto wEtpo 15, avti yiou Pa
uetlova, éyouye 1 yertoviny) Nto yellovo. ot anedun wio opd, 1 andoTaoy dno TNy TEoyLoTix TOVIXOTNTO OEV
elvan ueydhn, ahhd 1 enavohouBovouevn anousior TNV TOVIXAS TS EXTIMUEVTS TOVIXOTNTIC AVaBELXVUEL XdmoLa

otadepy| aouvéneia otny é€odo.

madmom

To endpevo epyohreio mouv Yo e€etdoovye elvar to madmom. I var a€lohoyfooupe xat vor GuYXplvoude TNV
anédoan tou alyoplduou e to clvolo Bedopévev Uog we elcodo yenowonoooue to KeyRecognition fucn-

tionality mou mapéyeton and ™ PiBAodrxn. Ta MIREX scores mou mpox0Ontouy elvon tar mopoxdte:

Table 9: MIREX scores yio Tov ahyoetdpo madmom

Same 5th Rel Par Other Overall

Real book all 67.16 6.34 9.7 2.61 14.18 73.77
Real book singlekey  72.12  5.46 10.91 3.64 8.48 78.37
Real book multikey 59.22  7.77 7.77 097 233 66.27

MIREX2005Key 72.52 16.77 4.07 1.84 4.79 82.5

GiantStepsKey 67.88 6.95 811 4.14 1291 74.62
Isophonics 76.32 7.36 552  3.22 7.59 82.3
RobbieWilliams 72.49  10.05 12.17 1.06 4.23 81.38

Billboard2012Key 84.25 274 548 479 2.74 88.22

Iopoatnewvtag xateudeioy T0 UTOGOVORO XOPUATLEV TIOL BATNEOVY HOVABLXY TOVIXOTNTA, BAETOUUE WG CUYXEV-
TewveL To deltepo yauniotepo MIREX score, mwe xou otny nepintwon tou justkeydding. Autd napatnpeiton
X0l OTA OMOTEAEGUATA TOU UTOGUVOAOU TOMAATAGY TOVIXOTHTWY, OTOU €YOUUE %ol TEAL TUEOUOLN XATAC TAON UE
auThv TOL TEONYOUPEVOU ohyoplduou. T'a dAAN uio @opd, mapatneolpe onuavTxy adEnon Tou T0COCTOL TWV
npofAédewy mou xataAAyouv otny xatnyoplor ""Aho". T vo xatavoricouue xaAOTERA QUTH TNV ETOVOAOY-
Bovouevn tdom, Yo taivourioouye Eavd Tor AmOTEAEGHATA TNG XUTNYORIG AUTAHS, YPNOHLOTOWVTOS Tig OYECELC

nou napardéoape otov mivaxo 18. Ta amotehéopota Tou Talpvouue amd auTh TV ovdiuoy elvar ta eEHC:

Table 10: "AXkec" mepintdoeic: madmom

H RoA EC None EH PoR RoP H
1 8 7 4 2 1 1]

To mpdto MOV TopaTNEOLYE elvar 6TL, ot avtideon ye v mepintwon tou justkeydding, undpyouv oplouéveg
Baowxéc oyéoeig mou dev eupavilovtal oTo TEAXE anoTEAECUATO. LUYXEXPIUEVA, EUPAVI{OVTOL Ol TEPITTMOCELS

e HapdAAnAng Iatoviknig xou tne Ieitovikn) I'eitovixiig.
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H Sebtepn, xon mo onuavTiy, Topatenon mou mpoxOnTeL, elvon GTL Yio AN Uit Gopd, £YOUUE ULl UEY AT aptdud
TEPIITWOEWY OXETIKAG TNG VYEITOVIKNG Xl Tpdiuwy aAkaydy. ‘Onwe xou otny nepintwon tou justkeydding,
n mo ouvnhouévr Aavdaouévn tadlvéunon mou cuufBaivel elvar ouTH TG oxeTikiS Yertovikng. Autd lowg
apyilel va divel xdmola undotaon oty undleon OTL UTEEYEL Uiot TAGT TEOG TN CUYXEXPLIEVT] OpUoVIXT] oo
otic Aavioaouéveg mpoPrédeic xdmowwy gpyohelwy. ‘O00 yio TIC TEPIITWOES TPAIUWY GAAA YDV, O UEYANOC
oprdpoe epn@dvione TéTolwy TEPITTHOOEWY dev amotehel ExANnZy, yio Toug (Bloug AGYOUC TOU OVAPEPUUE XL GTNV

TPONYOLUEVY Tep(TTWON).

KeyFinder

O tedevtalog ohydprdpoc mou Va yenowwomoijoouue eivan o ohydprduoc KeyFinder.  3tn ocuyxexpiuévn
nepintwon dev éyoupe avtiotolyes Padporoylec MIREX e ypron dhhwv dataset, mop’éN autd Yo yenotiponoud-
coupe NV Bl uédodo, uévo yia o dwd Yo cOVoro dedouévwv xon VYo mpooTodoouue va eEdyouue 6o

BuVATOV acporéoTepa cupnepdopata. Ol ev Aoyw Baduoroyieg unopodv va Peetolv otov mivaxo 23.

Table 11: MIREX scores yia tov aiyéprduo KeyFinder

Same 5th Rel Par Other Overall

Real book all 3545 1231 26.87 3.73 21.64 50.41
Real book singlekey 39.4 13.94 2788 242 16.97 54.88
Real book multikey 29.13  9.71  25.24 5.83 29.13 43.14

Bhémouye mwe npoxintouy onuoavtixd youniotepes Boduoroyiec o cUyxplom Ue eXElVEC T®V BUO TEONYOVUEVGY
nepintoeny. Katd v xataypagr Twv anoteleoudtoy, frav Wwialtepa eppavic ula tdon obyylong e meay-
potiic Tovixdtnag Ye ) oyetixr. H tdomn autr epgavilétay xupleg o TEPITTWOELS XOpHaTIRY Tou Beioxovta
oe pellova tovixdtnta, ye v é€odo tou KeyFinder va tnv extipd we ) oyetxy| e ehdocova. Axohouddv-
tac T (Blo Sadixacior pe toug dAhoug d0o olyopllduoug, Vo e€etdlouye TIC EXTUACELS TOL XATEANEAY OTNY

xatnyoplor "ARNo", yia T0 UTOGUVOAO TOANATAGY TOVIXOTHTOVL:

Table 12: "Alec" nepintoeic: KeyFinder

H RoA EC PoR PoA AoA H
[ 11 10 3 3 1]

Do aoedun pror @opd, €yxouye 800 appovixée oyéoelc mou Eeywpllouv. O Adyog yio tnv Xyenikr) Leitovikris xou
g Hpdues AAayés. Ye autd to onuelo, AOYw TNG CUVETELNS TOV ATOTEAEOUATOV Xl OTIC TEELS TEQLTTM-
OELS, UTOPOUUE TROYUTIXE Vol ovaipwTrdodue yia To oy Umopel vor umdipyel xdmolo Tpoxatdhndn we mpog Ty

CUYXEXQWEVY] ApUOVIXT] OYEOT), TOUAAYLOTOV EVavTl TV UTOAOITWY GYEcewy nou egetdlouue oTov mivaxo 77.

0.6 Xvprmepdopota

0.6.1 >ulwInonm

e auth v epyaoia eldaue ) dadixaoior TNG dEUOVIXAC AVEAUCTC UECHL TELWY DLOUPORETIXAY TEOTWY. XENot-

HOTIOLWVTOS €val dpUoVIXd TOAUTAOXO GOVOAO Bedopéveyv, AJBaue AmOTEAECUATO TOU AVADEXVOOLY TIC LB
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atepdtnTeg Tng olyypovne appoviag.  A@ol mapadécoue to omoapoaitnTo wouoixd undPBudpo, moEOUCLAICUUE
pe Aemtopépelo TN SLodxasior avay VEORTIoNE TOV TOVIXOTATWY TWY XOPUITIOV TOU GUVOAOU OEBOUEVWY auTOD.
H emoy? tou eldoug tne tCal Ytav, puoixd, oxémur. ‘Onwe @dvnxe xou otny Tedlr, undpeyel anoucia xaAd
HOTAYPEYPAUUHUEVOV LOUCIXWY BEBOUEVLV TIOU VoL TUREYOLY TANEOQORIEC aAAUYEC OE TOVIXd XEVTpa. Xe Wit
npoomdiela Vo amoTUNOGOoLUE THY avTiAndm TwV ToVIX®Y %EVTpwy, cUVBLAoOUE TG VEWENTIXES dpYEC YE TN
peAETH Tou PBaoixol pemepTopiou, Yo Vo ToEadMCOUUE €vol GOVOAO BEBOUEVWY 600 TO DUVATOV TO TEQLYEAUPLXO

xon axplBéc.

Yty npoondietd pog vo xatarypdpouue auTES TLC opyES 1o VoL avadelEoude TNV avEALGY HoG IO OROXATEWHEV,
OTEAPTXAUUE TEOE TN YEHON YAWCOOV TERLYPAPXNE AOYIXNE, EVOWUATOYOVTAS xdmola Tohd xplowo otouyela
appovixd otolyela, oty pouoixy) ovtohoyia Functional Harmony Ontology. O tpdénoc ye tov omolo 1 ouy-
XEXPWEVT ovTolOY(o TEpLypdpel To VewpnTind LTOBadpo TOU YENOWOTOLACAUUE CTNY AVAAUCY| WOC, AMOTENEDE
MEYGAO TAEOVEXTTUO TOGO Yol TNV TROC XN VEWY XoVOVLY, 660 xai ylor T daduxactior TG appovixAe avaAuoNc.
e auth T dladuxaota, delfouue mHC UTOPOUUE VoL TEOCEYYICOUUE TOV EVTIOTIOUS TWV TOVIXWY XEVTPWY EVOE XOU-
paTioU, xaL Ue xehomn tng ev Adyw ovtohoylac. Iapdhhnha pe auth Tnv mpocéyyion, diepeuviioaue TNy eldoon
oplopévey alyoplluwy Tou emxevtpdvovtal oty Nyt avtiindn e apuoviae, yenotpomoldvias we elcodo
70 6UVOAO dedopévemy pag. H Saduascio autr €deiie tic aduvapieg mou epgoviovial o TEPITTMOOELS XOUUATLOV
pe TohOTAOXO oppoVIXs Tepleyouevo 1) uetatponieg. To Bebtepo, nopatnerdnxe axdun xou oe ahyopluoug mou
TPOGEQPEPAY AEtTOLEYio AVl VEUGTG o ovory vERLoMG TOTUXOY ToVixoTHTwY. Aol egetdoaue oplouéva and To
xOUPATIoL UE AovDAOUEVY] EXTILWPEVY TOVIXOTNTA, avamTOENUE Lot OTEPEA XaTAVONGN TV eMelewy xal TeV

BUVATAOY ONUElY QUTOV TwV aAyopldumy.

Auto mou nupieg Eexwpioe amd T ATOTEAEGUOTA OAWY TWY TEOUVAPERVEVTWY TPOGEYYIoEWY, NTay 1) ovdyx)
yio o TATen e€&étaon Tou appovixol Aegihoyiov. Autd amoutel v allomoinomn xdde aftoonueintne diadéoung
pouoxic TNyRg, meoxewwévou v tAoolwdel xahltepa 1 TANGOEN TV YVOCEWY TOU €YOUUE BT ATOXTHOEL.
Avuté 10 obhvoho Bedouévmv, xal To obVolo TNne mapovoac epyaoiag, eAniloupe va anoteAéoel TOAUTIHO TPO,

xon var cUUPBAAEL 0T BeEATIWOT TOV ONUERPLYMY X HEAAOVTLXMY TEAXTLXMY WIS

0.6.2 MeAroviixéc Kateuddvoeic

Khetvovtog tnv mapoloa perétn Vo Yéhaue va mpoteivouue oplopévee mdavée perloviixée xateudivoelc.
Apywd, eivon onpavtixd va cuveylooude va mpoo¥étoude otouc mHEOUC TOU SLETOUYE, TPOXEWEVOL Vol
UEYLOTOTIOLCOUKE TOV YO TWV OYETIXDV BESOUEVKY YLl TNV OVIYVEUGT] YOl 0VOLY VIOPLOT) HOUGLXOU TEQLEY OUE-
vou. Ye oha T pouoixd €ldn, undpyouv tohudpriuol tdpot, TAolclol oE dpuovix TAnpogopla, mou Pacilovta
oTig Bleg Yewpntinéc apyéc oTic omoleg Bacloope v avdiuor pac. To enduevo Prua, etvon autd tor dedouéva
VoL EVOOUITWI0UY XatdAAnia ota otddlar exnaideuons Twy ahyopiduwmy. Autd woylel o0 Y Tpéyouoes 650
%o yio peAhovTixég mpooeyyioelg, ol omoleg Yo mpénel va €youy we Baocixd 6TdyYo TOV EVIOTIOUS 650 TO BUVITOV
TEPLOGOTERWYV APUOVIXADY TTANpoPopLwy. ‘BEva tpdto Bripa Yo unopoloe va eivan o anhdg eviomopog tng vnaping
A uh woe dedtepne B Tpltne TovdTNTaC OE €var GUYXEXELWEVO xoupdtl. Autd Yo prnopoloe va emextodel
OTOV EVIOTUOUS TG VEONE YOG CUYXEXPIEVNE UAAXYC TOVIXOTNTOC Xo TEAXE VO OBNYHOEL GTOV TPOGOLOPLOUS
ohOxhNENE TNE appovixrc avdhuong tou xoupatiot. Kdti tétolo Va pnopoloe va €yel peydhn enidpaon ot
MEAETN TG WoLOIXAC, 1600 o Vewpnuxd 600 xal e TpaxTixd eninedo. 'Evog tpdnog Yo ynopodoe va elvon 1
avEmTLEY AOYLOUIXOU PUOVIXAC avEAUoTS OE TpayHatixd ¥povo, to onotlo da purnopoloe va yenowwononiel oe

oha ta enineda didaoxaiiog, e€doxnong xan EXTEAEONS LOVOIXTG.

Extéc autol, neprinplo nepautépw epyaciag UTdpyeL xoL o€ SLQOpES AANES TTUYES TNG AVALY VOPLONG HOUGIXTNG
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0.6. Xupnepdoypoto

TAnpopoplac péow NG apuoviog. 3uvdudlovtag opUoVIXd oToLyEld YE LOPQOROYIXA oL NYNTLXE YoEuXTNELo-
Txd, Yo umopoloe vor avantOydel pla SlapopoToUEVY TERLYRUPYT TWY UOUCIXDY EWBOY Tou yopaxtnellouvy
%dmolo Tearyoldl, cOVOAO TEayouBL®Y Y XaAALTEY VY. AuTéd Yo unopoldoe Vo TPOCPEREL Lol EVTIEAMS BLUPORETIXY
Tpoaéyylon oToug ahyderiuous clotaong Houoxrc, ol onolot Yo xotnyoplonotoly xat va tpotelvouy TeayoldLa,
eldn xon xodAtéyveg AowPdvovtag unddrn xon apulovixd yapaxtneiotixd, pall pe dhhoug mapdyovteg. Autd Yo

UTOPOUGE VO TROCYEREL UEYAAN opadoTolon xon cUGTIoT UE Bdon AydTERD Tpo@avelc WOLOTNTES TNG HOUTLXS.
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Introduction

In recent years, significant progress has been made in the field of music information retrieval. Advances in
artificial intelligence have provided us with a multitude of tools that help us better understand core musical
concepts and also enhance the process of music composition. Thus, it is imperative that we use our full
musical vocabulary and knowledge in order to optimize such tools and integrate them into music production

and analysis.

One of the most fundamental elements of music, is the tonality of the musical piece. Identifying the key of
a song is a task that varies in difficulty depending on the genre, or even the artists of the same genre. To
be able to extract information about the key of a song, an adequate understanding of the rules of music
harmony is required. The genre that is most commonly used as a reference when studying modern music
harmony, is jazz music. So, it is evident that in order to enhance our current key detection practices, we

need to take into consideration the harmonic information provided by jazz music.

In this thesis, we provide a jazz harmony focused dataset aimed towards the task of audio key detection. We
will base this dataset on the most recognized source for music sheets amongst jazz musicians, the Real-book
of Jazz. The Real-book of Jazz provides lead sheets for many of the most characteristic songs of the jazz
repertoire, also known as "jazz standards". We will study each one of the songs included in the book and
determine whether or not a characterisation regarding the tonality of the song is of value. For the instances
that a key can be appointed to the song, we will provide the tonic centers that occur in the song, the moment
that they are being established, along with an audio file with a simple performance of the song. After that,

we will use several audio key detection algorithms to compare our dataset with several other known ones.

Along with the creation of the dataset, we will provide the harmonic rules that we made use of in our analysis.
We will then present that set of rules using description logic (DL) languages, in order to integrate them into
an ontology. We will be adding on an already existing ontology that describes the rules of functional music

harmony.
The outline of this thesis is as follows:

e First, we will provide all the background needed, technological and musical, in order to explain the

rules on which the dataset was based on.

e Next, we will provide an overview of the dataset, examining specific cases of songs that were included
into it, focusing on the information provided by the harmony of the song. We will provide explanation
regarding the keys that we encounter and the exact points of the song that these keys are established.

e We will introduce the functional harmony ontology, look into the components that we will be adding,
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and see how they help us analyze the key of a song using SPARQL queries.

e Lastly, we will see how some current audio key detection algorithms perform when tested upon our

dataset, by comparing their scores with the ones that exist for currently used datasets.
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Technological Background

In the following chapter, we will provide an extended overview of the various technologies that are going
to be used and mentioned throughout this work. These technologies are divided in to groups. First we are
going to present the technologies that relate to the ontology part, before moving on to the technologies that

we used for dataset testing purposes.

Contents
0.7 Ontology background . . . . . . . . o 0 i i i i i i i i e e e e e e e e e e e 74
0.7.1 Omntology . . . . . . o . e e 74
0.72 OWL 2 . . . e 74
0.7.3 Related Ontologies . . . . . . . . . . .. L 75
0.7.4 owlready2 . . . . . . . oL 75
0.75 GraphDB . . . . . .o 76
0.7.6  SPARQL . . . . . . e 76
0.8 Dataset Experiments Background . ... ... ... ............0.... 76
0.8.1 Relevant datasets . . . . . . . . ... L Lo 76
0.8.2 Key detection Algorithms . . . . . . . . ... . L L 77
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Chapter 0. Technological Background

0.7 Ontology background

To begin our theoretical background, we will take a look at the various technologies that we used, in order
to perform harmonic analysis using a music related ontology. We will chronologically work our way to that
objective, starting off with an overview of some relevant music related ontologies. Then we are going to look
into the tools that we used to modify the ontology that we ended up implementing. Finally, we are going to
conclude this section, by presenting the technologies that helped us use the final ontology to harmonically
analyze some songs included in our dataset. But first we will look into what an ontology is, and what are

the tools are used to define one.

0.7.1 Ontology

In many cases we use object categories to represent a domain of knowledge. In order to assign names to
categorize the concepts we are attempting to describe, we need to study their properties and clarify how
they are related to each other. These attributes, which also define said knowledge, must be defined in a way
that satisfies the notions of the individual, the categories, and the relationships that link them. Descriptions
that articulate information of this type about a particular domain of knowledge are called terminological,
and the corresponding knowledge developed are called terminologies or ontologies. Through the semantic
interpretation and logical analysis of ontologies, we can answer questions such as whether some category is

more general than another, or whether a particular object belongs to a certain category [24].

Individuals

The first step in developing ontological descriptions is to establish the individuals, that is, the elements of
the world we are describing. Individuals are syntactically represented as strings (names), which enable the

formal, unambiguous reference to them [24].

Classes

Individuals have certain attributes and based on these they are classified into categories or classes, with some
of them being more general than others. Classes are strings that correspond to an individual’s property,
which we examine, to see whether or not an individual is a member of that class or not. In some cases
we may refer to a class descriptively, with a phrase that usually verbally describes the properties of the
individuals that make up the class [24]. In some cases, ontologies can be described using only classes, which
are then used to directly characterize the corresponding data, without requiring the use of individuals. As

we will see in the following chapters, this will also be the case in our implementation [18].

Relationships

Relationships in an ontology describe how individuals or classes are related to each other. A relationship
can be between two individuals, two classes, or an individual and a class [18]. The relationships between an

individual and other individuals of a particular class are important for their classification in a class.

0.7.2 OWL 2

The OWL 2 Web Ontology Language, informally OWL 2, is an ontology language for the Semantic Web

with formally defined meaning. OWL 2 ontologies provide classes, properties, individuals, and data values
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and are stored as Semantic Web documents. OWL 2 ontologies can be used along with information written
in RDF, and OWL 2 ontologies themselves are primarily exchanged as RDF documents. We will be using

the OWL 2 language to define the harmonic elements we aim to describe.

0.7.3 Related Ontologies

There is a number of different approaches when it comes to logical representation of music. There have
been numerous music related ontologies that vary in the specific aspect of music they are aiming to describe.
There is work that mainly refers to the production side of music. The Studio Ontology Framework introduced
by Fazekas et al.[8], aims to provide a wide overview of the record production process, through a situation
independent conceptualisation of the studio environment, from physical studio hardware to the personal
computer based stage of the production. Fields et al.[9] have proposed a Segment Ontology focusing on
MIR signal processing tasks. Turchet et al.[23] proposed the Internet of Musical Things Ontology, which
relates to ontologies like the SOSA ontology for the representation of sensors and actuators, and includes
means of music consumption in its focus, apart from production related terms. There are also proposals
regarding the notation and semantics of the music score. MusicOWL is an ontology aimed for describing the
content of Western Music music scores, introduced by Jones et al.[11] and covers music related information
like melodies, dynamics and tonalities. Another music notation ontology is MUSICNOTE, introduced by
Cherfi et al.[5], which aims to integrate semantic music elements to extend score encodings. Charbel et
al.[7] developed MusicPatternOWL, an ontology which structures the results of a music pattern analysis
algorithm, to support music score analysis processes. A more instrumentation based approach has been made
by Kolozali et al.[15], who proposed an instrument ontology, examining works based on the Hornbostel and
Sach’s classification scheme. Also using the Hornbostel Sach’s classification scheme, Ayorinde[2] proposed
a formalised ontology that provides information about the families, groups and characteristics of musical
instruments. Kaur and Aggarwal[13] developed an instrument ontology focusing on the key concepts of the
string instruments, the string ontology. On the more emotion based side of music information, Song et
al.[22] proposed the Context-based Music Recommendation (COMUS) ontology reason desired user emotion
state based on music preference information.

On the theoretical side, Sabbir et al.[20] proposed the Music Theory Ontology, which examines theoretical
concepts like music notation, duration, chords, progressions and degrees. It uses several relevant ontologies
like the Music Ontology and the Chord Ontology.

Despite the fact that some on these ontologies offer a very useful representation of musical concepts, we
ended up choosing an other option to base our implementation on. This ontology, the Functional Harmony

Ontology [12], will be thoroughly examined in later chapters.

0.7.4 owlready2

Owlready?2® is a package for ontology-oriented programming in Python. It can load OWL 2.0 ontologies as
Python objects, modify them, save them, and perform reasoning via HermiT. Contrary to usual Java-based
API, Owlready2 allows a transparent access to OWL ontologies. We use the owlready2 package to modify
the Functional Harmony Ontology, a subject that will be thoroughly examined in chapter 0.14.4.

8https://owlready2.readthedocs.io/en/latest/
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0.7.5 GraphDB

Ontotext GraphDB is a highly efficient, scalable and robust graph database with RDF and SPARQL sup-
port?. We will be using GraphDB as the data repository on which we will perform harmonic analysis via
reasoning using SPARQL queries.

0.7.6 SPARQL

SPARQL is a semantic query language for databases able to retrieve and manipulate data stored in RDF
format'?. SPARQL can be used to express queries across diverse data sources, whether the data is stored
natively as RDF or viewed as RDF via middleware. SPARQL contains capabilities for querying required and
optional graph patterns along with their conjunctions and disjunctions. SPARQL also supports aggregation,
subqueries, negation, creating values by expressions, extensible value testing, and constraining queries by
source RDF graph. The results of SPARQL queries can be result sets or RDF graphs!'!. We will be using
the SPARQL language and logical reasoning to extract the key estimation results deriving from our ontology

harmonic analysis.

0.8 Dataset Experiments Background

In the following section, we will present the technologies relevant to the creation and evaluation of our dataset.
These include, some of the relevant datasets that are currently used for training and testing purposes in the
field of audio key detection, along with some of the available key detection algorithms that we used in our

dataset evaluation process.

0.8.1 Relevant datasets

First we will take a look at the current state of audio key detection datasets. Part of the motivation
behind this project is the nature of the currently available datasets for the task of key recognition. Despite
music information retrieval becoming an increasingly popular field, the majority of datasets are concentrated
towards other tasks, like emotion based classification or sound source identification and separation. That is
not to say that there have not been significant improvements in the task of key detection. However, the use
of datasets that provide a wider context of music harmony would greatly benefit the progress and accuracy

of current and future methods.

Some of the most used datasets for training and evaluating key detection algorithms draw from the spectrum
of what we consider as popular music. The GiantSteps Key[14] dataset draws mostly from EDM and
electronic music, while datasets from Isophonics and the Billboard2012 datasets regard compositions mostly
from pop music artists. We can see that there is a pattern in the selection of the data sources amongst
key detection datasets. While these instances offer valuable information, it is important that we provide
a holistic harmonic context into our key detection practices. In our efforts to do so, we are compelled to
integrate the jazz harmonic vocabulary into the process. During the experiment results section we are going
to better see how using a harmonically richer input could greatly enhance the level of performance that has

been achieved thus far.

9https://graphdb.ontotext.com/documentation/10.7/
LO0https:/ /en.wikipedia.org/wiki/SPARQL
Mhttps://www.w3.org/TR/sparqgll1-query/
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0.8.2 Key detection Algorithms

For the evaluation of our proposed dataset we used some recent available key detection solutions from the
academic field, as well as one free commercial solution. This was a big focus during our evaluation stage of
the dataset. It is massively important to develop an industry wide perception of the performance level that
our available tools can achieve, if we want them to become fully integrated into both the research and the
commercial level. The software that was used is the madmom and justkeydding tools from the academic side

and KeyFinder '2, from the commercial one.

justkeydding

The justkeydding algorithm [17] is an Audio and Symbolic Key Detection algorithm based on nnls-chroma|[19]
and a Hidden Markov Model[17]. It assumes a total number of 24 major and minor keys which are represented
as a hidden state in the HMM. This model was evaluated using a total of 260 pieces of music, consisting mostly
of classical music pieces with examples of popular music having also been included. Using a combination
of major and minor key-profiles, the model has shown an accuracy of 84.8% guessing the key of both these
pieces, and the pieces of the audio key detection task of the Music Information Retrieval Evaluation eXchange
(MIREX).

madmom

Madmom is an audio signal processing library written in Python with a strong focus on music information
retrieval tasks[4]. Its key estimation model is based on the work of Filip Korzeniowski and Gerhard Widmer
on Genre-Agnostic Key Classification With Convolutional Neural Networks [16]. This model was trained
using 1077 pieces from the GiantSteps MTG Key dataset ' | an in-house dataset of 1751 classical music
pieces, and the training subset of the McGill Billboard dataset '*. Note that the GiantSteps MTG Key
dataset is distinct from the GiantSteps Key dataset that was mentioned above as one of the datasets that
are used for evaluation at MIREX.

KeyFinder

KeyFinder is a free commercial key detection tool by I. Sha’ath [21] that is aimed towards identifying the
keys of digital recordings. KeyFinder is an implementation based on the calculation of the constant Q of a

series of analysis frames, which are then mapped into a one octave chromagram.

One major problem that we encountered when searching for tools for the testing stage of our project, is the
fact that only one of the available solutions (justkeydding) offered a local key estimation functionality. If we
take a look at the MIREX 2021 Audio Key Detection data collection guidelines (possible link), we gain some
insight about why there are not more tools developed towards analyzing music that passes through two or
more tonic centers. It is clearly stated that only the first 30 seconds of the music piece should be taken into
consideration, in an effort to avoid possible modulations that may occur after that point. So that results in
two things. On one hand, datasets tend to not focus that much on music that is prone to key changes, and

on the other hand, key detection algorithms rarely offer that functionality. This leaves a large part of the

12https://ibrahimshaath.co.uk /keyfinder/
Bhttps://github.com/GiantSteps/giantsteps-mtg-key-dataset
Mhttps://ddmal.music.mcgill.ca/research/The_McGill Billboard Project (Chord Analysis Dataset)/
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musical repertoire unexplored, which could make an important contribution to the enrichment of existing

knowledge.
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Musical Background

The creation of jazz music is mostly attributed to the fusion of two musical worlds; the European music theory
and harmony and the African and Afro-American rhythms and articulations. Although the incorporation of
African rhythms to the already established European music harmony does not inflict immediate changes in
the harmony, the connection between jazz music and improvisation, along with the shift towards atonality
(lack of a primary key in a music piece) that occurred during the 20th century, resulted in a sonic environment
that had deep roots in the practices of classical harmony, while differing vastly in execution. This sparked a
continuous enrichment of the harmonic vocabulary, which was morphed into a unified set of rules. Although
we refer to this set of rules as jazz harmony, it is the exact same set of rules that the entirety of western
music has been based on for the past century. This proves that the study of them is essential for music

information retrieval tasks, among many other fields.

In this chapter, we are going to look at the core principles of jazz harmony, what is the key of a musical
piece, what what are the functions that a chord could have in a song and what are some of the harmonic
patterns that can help us analyze a musical piece.
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0.9 Scales and Modes

In music theory, we come across certain terms that often seem identical, but their differences are extremely
important for us to understand if we want to transfer that knowledge in a software environment. In the
following section, we clarify the differences between the core building blocks of harmony, which ultimately

contribute to what we consider the key of a song.

0.9.1 Scales

There are two basic scale categories in western music theory; the major scale and the minor scale. Scales
are ascending 8 note sequences (7 without the top which is the same as the root) and their name derives
from the first note of the scale (the root, or tonic) and the quality of the scale (i.e. major or minor). Major
and minor scales have specific distances between their notes. For the major scale, notes are separated by

the following sequence (T for tone and S for semitone):
T-T-S-T-T-T-8S

Each note in a scale corresponds to a degree. For example in the C major scale, the note C is the first degree,
or the I. The note D is the second, or IT and so on. There one major scale for each note, which is defined by
its key signature, meaning the right sharps or flats needed to create the tone and semitone sequence shown
above. The C major scale, the only major scale with no sharps or flats, is used as the basis to describe
all other scales and their degrees, even the minor scales. There are three types of minor scales, the natural
minor, the harmonic minor and the melodic minor. The tone-semitone sequence for the natural minor scale

is:
T-S-T-T-S-T-T

From the above, we can see that the degrees of the natural minor scale, fixed to the degrees of the major

scale are:
I-II-bIII-IV-V-bVI-bVII

So, for example, if we take the C natural minor scale, and compare it to the C major scale we can confirm

the above:
C major scale: C-D-E-F-G-A-B
C minor scale: C-D-Eb-F-G-Ab-Bb

The harmonic minor scale, follows the exact same pattern that the natural minor does, with the difference
of having a natural seventh (VII), instead of a flat seventh (bVII). So in the case of the C harmonic minor

scale, we have:
C harmonic minor scale: C-D-Eb-F-G-Ab-B

In the same exact way, the melodic minor scale, has the same pattern as the harmonic minor, but with
natural sixth (VI) instead of a flat sixth (bVI). In that case, the C melodic minor scale would be:

C melodic minor scale: C-D-Eb-F-G-A-B

The natural, harmonic and melodic minor scales, interact with each other in ways that we will discuss later

in this paper. For the time being, we will focus on the following observation. We consider the tone-semitone
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sequence of the major scale. If we start the sequence from the sixth interval, which is a tone, and continue
until we reach the sixth interval again, we will end up with the tone-semitone sequence of the natural minor
scale. For example, this means that if we start from the sixth note of the C major scale (which is the note
A), we end up with the A natural minor scale, which we also refer to as C major’s relative minor.This

observation leads us to the next section of this chapter, the modes.

0.9.2 Modes

In the section above, we made a quick introduction on modes, through the example of the natural minor
scale. Our next task is to apply the same principle to every note in the major scale. This is essentially, what
we refer to as modes, in modern music theory. We have 7 different modes, one for every note of the major
scale. The name of a mode is determined from its first note and its quality, which corresponds to a specific

attributed ancient greek name for each one of the seven modes.

The first mode, is the Ionian mode, which starts from the first degree of the major scale, and therefore the

two of them are identical.

The second mode is the Dorian mode, and it is the note sequence that starts from the second degree (or

note) of the major scale. For example, the second mode of the C major scale, is called D Dorian.

The third mode is called the Phrygian mode, and it is the note sequence that starts from the third degree

of the major scale.
We follow the same logic for each of the major scale’s degrees. The complete list of modes is the following;:
- Ionian - Dorian - Phrygian - Lydian - Mixolydian - Aeolian (or natural minor) - Locrian

Modes’ main practical use in jazz music is mostly highlighted through improvisation, but they also provide
valuable information regarding the harmonic context. Earlier, we compared the degrees of the C major scale
with the ones of the C natural minor scale, which we call C Aeolian. That means that the degree sequence
of the Aeolian mode are the same with the ones that we saw before (I - II - bIII - IV - V - bVI - bVII). So
now that we know the degrees of the Ionian mode and the Aeolian mode, we will apply the same logic, to

find the degrees of each one of the remaing modes.

For the Dorian mode, the second mode of the major scale, we have:
I-11-bII-IV-V-VI-bVII

So, C Dorian will be: C-D-Eb-F-G-A - Bb

For the Phrygian, the third mode of the major scale, we have:
I-bIl-bII-IV-V-bVI-VII

So, C Phrygian will be: C-Db-Eb-F-G-Ab-B

For the Lydian, the fourth mode of the major scale, we have:
I-1I-1I-#IV-V-VI-VII

So, C Lydian will be: C-D-E-F#-G-A-B

For the Mixolydian, the fifth mode of the major scale, we have:
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I-II-TII-1IV-V-VI-bVII

So, C Mixolydian will be: C-D-E-F-G-A-Bb

And finally, for the Locrian, the seventh mode of the major scale, we have:
I-DbII-bII-IV-bV-DbVI-bVII

So, C Locrian will be: C-Db-Eb-F-Gb- Ab-Bb

0.10 Key and Chord Set

With the basic theoretical background now established, we can focus on the part of music harmony that will
be of most concern to us. We are going to talk about the key in music, and its main identifying component,
its chords. Then we are going to combine the above, to introduce the concept of modal interchange, a term

that will help us transition into the practical aspect of harmonic analysis.

0.10.1 Key

In music, we use the term key to describe a system of functionally related chords deriving from the major
and minor scales, with a central note, called the tonic [6]. A music piece can be in a major key, a minor
key, or a combination of both. In that case, we say that the song is in the key of the root. For example, if a
song is in the key of C, it means that it draws equally from both the keys of C major and C minor. A song
can have more that one key. For example, a song can start in the key of C major, or C, and at some point
switch to the key of F major. The switch of a song’s key to another is called modulation, or key change. It
is important to not confuse a key and a scale or mode for the same thing. There can be a variety of scales

and modes used in a key, and what really identifies it is the chords that can be used in its context.

It’s important to point out that a key of a song can be up for interpretation and is sometimes a bit subjective.
However that subjectiveness mostly appears on certain occasions. For example, the exact timing of a key
change can be up for interpretation. Another example, is that some songs can either be considered to be
in a specific major key, or in its relative minor key. This does provide some kind of volatility in a dataset
that describes the keys of multiple songs, but the predictability of that subjectiveness ensures us that we

can expect where and when that ambiguity occurs.

So now that we have established what we consider the key of a song, we are going to take a look at which

are the chords that can be used in the context of a certain key.

0.10.2 Chord set

Previously we talked about how each type of scale type has a characteristic series of degrees, that serves like
a footprint and differentiates it from the others. We also talked about how a key is defined by a functionally
related chord set. We are now going to explain how that chord set occurs, making use of the degree schema

of the appropriate scales and modes.

The main idea for this concept is that we attach a specific chord to each degree of a scale or mode. That
chord is the tetrad that results if we start from a degree’s note and move up with a step of 2. We’ll take for

example the C major scale,
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C-D-E-F-G-A-B
and its degrees,
I-IT-1II-1V -V - VI- VIL

The chord that is attributed to the first degree of the scale, or the tonic chord, is C - E - G - B, or Cmaj7
(C major 7). The C means that it is a C major triad (in a major triad, the first two notes have a distance
of two whole tones and the second and third have a distance of a tone and a semitone), with a major 7th
(maj7), which means that the distance between the first and the fourth note of the chord is 4 tones and
a semitone. While these distances between notes are not of our immediate interest, what is important to

remember is that every major scales’ first degree chord is a major chord with a major 7.

The chord that is attributed to the second degree of the scale is D - F - A - C, or Dm7 (D minor 7). With
Dm we note that it is a D minor triad (in a minor triad, the first two notes have a distance of a tone and a
semitone and the second and third have a distance of two whole tones), with a minor 7th (or just 7) which
means that the distance between the first and the fourth note of the chord is 4 whole tones. Every major

scales’ second degree chord is a minor chord with a minor 7.
The third degree of the major scale is also a minor triad with a minor 7th, in that case Em?7.
The fourth degree of the major scale is another maj7 chord, in that case Fmaj7.

A really important degree of the major scale is the 5th degree. The chord that derives from the 5th degree is
a major triad with a minor 7, or a dominant chord, a name that comes from its high sonic tension. Usually
a dominant chord resolves to its tonic which exists two and a half tones up or three and a half tones down,

although that is not always the case. In our example that chord is G- B - D - F, or G7.
The sixth degree’s chord is another minor 7 chord, in that case Am7.

And finally the 7th and last degree’s chord is a diminished triad (a minor triad with a lowered fifth), with a
minor 7, or, a half diminished chord. In the C major scale, that chord is Bm7(b5).

So, an overview of the chord set of the major scale is the following:
Imaj7 - IIm?7 - IIm7 - IVmaj7 - V7 - VIm?7 - VIIm7(b5).

Using the same logic, we can find the chord set for every scale, or mode. We’ll provide the basic chord sets
that we are going to find very useful during the next chapters. These are the chord sets of the natural,

harmonic and melodic minor scales.

First, for the natural minor scale chord set, we consider the C natural minor scale, and degree sequence:
C-D-Eb-F-G-Ab-Bb

I-1I-bII-IV-V-bVI-bVII

Figuring out the chord set of the natural minor scale is a simple task. Remembering that the natural minor
scale is, in fact, the the sixth mode of the major scale (or Aeolian mode), we realise that to find its chord
set we just have to start from the sixth chord of the major scale’s chord set and adjust to the right degree

numbers. So, we have the following result:

Im7 - Im7(b5) - bllImaj7 - IVm7 - Vm7 - bVImaj7 - bVII7.
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Making the proper adjustments we can now figure out the chord set of the harmonic minor scale:
Im(maj7) - IIm7(b5) - bllImaj7(#5) - IVm7 - V7 - bVImaj7 - VIIdim7

We see that there are some significant differences between the natural and harmonic minor chord sets.
These are the effect of the altering of the 7th degree, as we discussed earlier, from a flat 7 to a natural 7.

More specifically, the Im7 turns into a Im(maj7) chord, as the above mentioned degree is the chord’s 4th

note, or the 7.

The bIlImaj7 turns into a bIIImaj7(#¥5), which is the same major chord, only with a sharpened 5 instead

of a natural 5, as the above mentioned degree is the chord’s 3rd note, or the 5.

And finally, the bVII7 turns into a VIIdim7 chord, which is a diminished 7 chord which consists of a
diminished triad plus an double flattened 7 (bb7).

So to conclude the chord set chapter, we are going to make the proper adjustments to figure out what the

chord set of the melodic minor scale is:

Im(maj7) - IIm7 - bIlImaj7(#5) - IV7 - V7 - VIm7(b5) - VIIm7(b5).

0.11 Modal Interchange

The chord sets that we described above usually serve as the fingerprint of a certain key. That’s not to
say that a song that is in said key, can only use the chords from these chord sets. There are ways that a
song can incorporate chords from chord sets of other keys, without that signifying a key change. This is
achieved through the use of modal interchange, which lets us borrow chords from other chord sets, hence
other keys, and use them in the key that we currently are, without them disrupting the functionality of the

song’s harmony.

There are rules that indicate whether a certain borrowed chord is the product of modal interchange or not.
Each key can only borrow chords from specific chord sets. Depending on the chord set that the key is

borrowed from, modal interchange can be characterized as diatonic or non-diatonic.

0.11.1 Diatonic Modal Interchange

Diatonic Modal Interchange is the technique that lets us borrow a chord from the parallel key of the one

that we are in (minor or major scale with the same tonic).

Suppose that we are in the key of C major. As we know, the chord set of C major is Cmaj7 - Dm7 - Em7
- Fmaj7 - G7 - Am7 - Bm7(b5). Borrowing from the parallel key, in that case, means borrowing from the
key of C minor, which contains all three minor chord sets (natural, harmonic and melodic). So the chord
Ebmaj7, may not belong in the chord set of the C major scale, but it is considered a diatonic chord in the
key of C major, because of its capability to be borrowed from the key of C minor. Using the same logic, we

can borrow chords that exist in the C major chord set, when we are in the key of C minor.
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0.11.2 Non-Diatonic Modal Interchange

Apart from borrowing chords from the parallel of a certain key, there are also other keys that we can borrow
chords from. Previously on this paper we talked about modes, where they derive from and each one’s
characteristic degree sequence. We also figured out the natural minor chord set, which is essentially the
chord set of the Aeolian mode. This means that we can consider a chord set for all the other modes as well.
So, to tie this all up, non-diatonic modal interchange occurs when we borrow chords from the chord sets of

the modes, that are parallel to the key’s tonic.

Before we clarify this through an example, we will provide the chord set of each mode of the major scale.
Remember that to figure them out, we just have to start from the degree that is the tonic of each mode, and

adjust the degree numbers while keeping the chord qualities the same.
For the Dorian mode, we have:

Im7 - IIm?7 - bIlImaj7 - IV7 - Vm7 - VIm7(b5) - bVIImaj7
For the Phrygian mode we have:

Im7 - bIImaj7 - bIII7 - IVm?7 - Vm7(b5) - bVImaj7 - VIIm7
For the Lydian mode, we have:

Imaj7 - 117 - IIIm7 - #IVm7(b5) - Vmaj7 - VIm7 - VIIm7

For the Mixolydian mode, we have:

I7 - IIm7 - ITIm7(5) - IVmaj7 - Vm7 - VIm7 - bVIImaj7

And finally, for the Locrian mode, we have:

Im7(b5) - bllmaj7 - bIIIm7 - IVm7 - bVmaj7 - bVI7 - bVIIm7

From the above, we can see that there are plenty of chords that could be possibly borrowed through non-
diatonic modal interchange. However, see that many chord sets have identical chords on some of their
degrees. What studying songs of the jazz repertoire has shown, is that there really is a limited and specific
group of these chords that can be a used in non-diatonic modal interchange. This group derives from the
melodic characteristics of each mode, specifically when it comes to improvisation. The group of chords that
is most commonly borrowed, and that we are going to use to harmonically analyze the songs in our dataset,

is:

From the Dorian mode: - VIm7(b5)

From the Phrygian mode: - bIImaj7 - Vm7(b5) - VIIm7
From the Lydian mode: - #IVm7(b5)

From the Mixolydian mode: - IIIm7(5) - bVIImaj7
And from the Locrian mode: - bIIIm7 - bVmaj7

For example, lets consider a song in the key of C minor. We know that a song in a minor key, draws from the
chord sets of all three minor scales (natural, harmonic, melodic). We encounter the chord Dbmaj7, which

belongs neither in any of the minor chord sets, nor in the C major chord set, therefore it is a non-diatonic
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chord. However, the Dbmaj7 chord can be found in the chord set of the C Phrygian mode (bIImaj7), and

it actually belongs to the group of chords that we stated above, so we analyze it as blImaj7.

0.12 Other non-diatonic chords and rules

In the last step before completing this music theory background overview, we are going to talk about some
other harmonic elements that we encounter during analyzing the songs in the proposed dataset. These
elements regard chords that do not belong in a particular chord set, but can be used, through specific rules,

to enrich the harmony of a certain song.

0.12.1 The Secondary Dominant

The first element we are going to discuss, is the Secondary Dominant chord. Earlier in this chapter we
referred to the dominant chord, as the chord of the 5th degree of a major key’s chord set. We stated that it
provides high sonic tension, and it usually resolves to the I chord of the chord set, a distance of two and a

half tones up (or a 4th up) or three and a half tones down (a 5th down).
A chord’s Secondary Dominant, is a dominant chord that exists a 5th up (or a 4th down) from said chord.

For example, lets say that we have a song in the key of C major. At some point we find the chord A7, which
does not belong in the key of C major, or C in general. We see that the note A is a fifth up from the note
D. The chord that has the note D as its root and is valid in the key of C major, is Dm7. So, we can consider
that A7 to be the secondary dominant of Dm7, or, the V of the II (V/II). In that way we can have the
secondary dominant of every chord in the C major chord set, or any other chord set that the C major key
borrows from. It is also possible for a secondary dominant to be preceded by its own secondary dominant.
In the example above, an E7 chord (a 5th up) before that A7 chord we discussed, would be the A7’s own

Secondary dominant chord.

Generally, a Secondary Dominant will resolve a 5th down (or a 4th up), to its local tonic. However, there
can be instances where a Secondary dominant does not resolve at all, meaning that it does not have an

immediate correlation with the chord that follows.

There is also another type of dominant chord that does not resolve a 5th down, as it typically happens, and

that is the chord that we are going to discuss next.

0.12.2 The Substitute Dominant

The second and final type of non-diatonic dominant chord we are going to discuss is the Substitute Dominant.
It is used as an alternative to any dominant chord, diatonic or not. The substitute dominant is defined as
the dominant chord whose root is a semitone up from the chord it resolves to. The term substitute indicates

that it acts as an alternative to the V of any local tonic chord.

Returning to our usual example, lets assume we are on the key of C major, and we want to find the Substitute
Dominant of Cmaj7. If we go up 1 semitone from the note C, we reach the note Db. So the Substitute
Dominant of C is Db7. The chord that Db7 substitutes is the V of Cmaj7, which is G7. So, that is why the
Db7 chord is symbolized as "sub V7/I" because it substitutes the V of the I. Using this logic we can consider

a substitute dominant for every dominant chord we can encounter, even for other substitute dominant chords.
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For example, the secondary dominant of the Db7 from the previous example is Ab7. If we want to use its
substitute dominant instead of the Ab7, we simply go up a semitone from Db, to find the chord D7. We
now have one instance where a dominant chord does not resolve a 5th down (or a 4th up) as it’s used to,
but a semitone down. However, like in the case of the secondary dominant, there can be instances where the

substitute dominant does not resolve at all, as well.

0.12.3 The Relevant Two

Next we are going to talk about the Relevant Two, what it means and when its used. To understand the use

of the relevant two we need to establish the concept of cadences.

A cadence is a progression of two or more chords that concludes a phrase, section, or piece of music [3]. The
core building block of modern music and especially jazz music, is the II-V7-I cadence. It is the most common
way that we can resolve a chord progression to the I chord, whatever that chord may be. The I chord can be
the actual first chord of a scale’s chord set, or it can be any other chord that we, for a brief fragment of the
song, consider a I in a II-V7-I setting. An easy example is the one that we used to explain the Secondary
Dominant chord. In that case, we had the Dm7 and its Secondary Dominant, the A7. These two chords are
equivalent to the V (A7) and the I (Dm7) of a II-V7-I cadence. The II of that specific cadence, can be any
E chord that exists in a D scale chord set. That means is can be either an Em7 or an Em7(b5). So, both
the Em7-A7-Dm7 and Em7(b5)-A7-Dm7, are considered II-V7-I cadences.

So, now that we know what the two means in general, its time to talk about the Relevant Two. In many
cases, instead of the actual V7 of the I chord in the cadence, we use its Substitute, as previously discussed.
In the case that the I is a Cmaj7 chord, the substitute (subV7/I) is a Db7 chord. That provides us some
more options as far as what the II chord of the cadence can be. The first option is to use the actual IT of
Cmaj7, which would be either Dm7 or Dm7(b5). The second option is to use the chord that would be the
I1, if the Db7 chord was the actual V, instead of a substitute. This is the chord Abm7 (or Abm7(b5)) and
it is called the Relevant Two of CmajT.

By extending this rule, we can analyze any non diatonic chord that plays the part of the II in a II-V-I type
cadence, as a Relevant II. That chord has to be either a m7 chord or a m7(b5) chord.

0.12.4 Non-Diatonic Diminished Chords

In the last part of this music harmony overview we are going to mention the various kinds of non-diatonic
diminished chords. Previously, when talking about the harmonic minor chord set, we encountered the chord
VIIdim7, which we characterized as a diminished chord. This chord is the only diatonic diminished chord
that key can have. However, when analyzing songs, we come across a number of different diminished chords,

that do not fit the previous analysis.

Sometimes, that might indicate an upcoming key change. But there are certain diminished chords that even
though they don’t strictly belong in a certain key, can be used to play the part of a dominant chord, or
to just add some tension to the harmony of the piece. Below, we are going to list these chords using their

degree numbers, before providing an example.
The non-diatonic diminished chords that are valid within a certain key are:

Idim7 - #Idim7 - #1Idim7 - bIIIdim7 - #IVdim?7 - Vdim7, #Vdim7 - bVIdim7
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If we were in the key of C major, the valid non-diatonic diminished chords would be:
Cdim7 - C#dim7 - D#dim7 - Ebdim7 - F#dim7 - Gdim7, G#dim7 - Abdim?7.

That concludes the music harmony background needed to understand the topic of the next chapter of this

paper, the procedure of harmonic analysis that was used in the songs of our dataset.
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0.13 Dataset Overview

In this section we take a closer look at the proposed dataset. We examine the source from which the songs
included in the dataset come from, the Real Book of Jazz, along with providing the reasoning behind the
non-inclusion of certain songs into the dataset. After that, we provide specific examples that demonstrate

the harmonic analysis process.

0.13.1 The Real Book of Jazz

The Real Book of Jazz is a compilation of music sheets for the most known and performed songs of the jazz
repertoire, often referred to as jazz standards. There have been several versions of the Real Book, each one
containing all the songs that existed in the previous versions, along with some new ones. The first book,
that was created by two students attending the Berklee College of Music, was a bootleg created with the
purpose of helping musicians practice these standard tunes that had never been transcribed in the form of
lead sheets before. Its popularity grew so rapidly, that it quickly became a staple for all jazz musicians,

before finally becoming an official publication[1].

This dataset is a collection of songs that exist in the Real Book of Jazz Volume 5, which is a superset of all
the other versions. It contains lead sheets for 443 jazz standards, meaning chords for each one of the songs,
along with the basic melody. Our next step is to show the criteria based on which we included a certain

song in our final dataset.

0.13.2 The Criteria

To clarify the criteria for the song selection, we have to establish what we are looking for when analyzing
a song harmonically. Our goal is to distinguish the various tonic centers that can exist in a song, in a way
that the result that we provide as an input contains valuable harmonic context. It is very important for our
current practices, to try to approach the human perception of harmonic context as best as possible. Keeping

that in mind, we based our song selection and analysis on the following criteria.

First of all, we had to eliminate songs that don’t comply with conventional harmonic practices. In these
cases, the songs that we refer to are not written in a way that gives the listener the sense of a tonic center
in the first place. Trying to alter that by analyzing them with the tools that we described in the previous
chapter, would introduce great ambiguity in the results during the testing stage. It is important to not

confuse these cases with the ones that a song passes through a number of distinct tonic centers. In the
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latter, we might not be able to consider a certain key as a global key of the song, but the transitions between
the various local keys provide valuable information to our experiment. That brings us to the second guideline
we followed while compiling this dataset, the sensitivity of our analysis towards possible key changes or any

form of altercation to a tonic center.

As we mentioned before, the nature of harmonic analysis as a concept, makes it vulnerable to a certain amount
of ambiguity. The principle we base our harmonic analysis on in the first place, is based on approaching
the listener’s perception of tonic centers. The human ear often needs a certain amount of time to perceive
a harmonic movement as a key change, and so some key changes that happen very briefly in the course of a
song, cannot be classified as such, because of their duration and the harmonic context around them. On the
other hand, similarities between the chords in neighboring keys, might omit some, valuable to the harmonic
context, key changes. That’s why when examining each song, we made sure to apply the right amount of
sensitivity on possible modulations and take into account the performative aspect of these songs as well,

which is ultimately the most reliable way to showcase their harmonic context.

Approaching the initial dataset with this mindset, led us to the final, reduced, form of the Real Book of Jazz
Key Estimation dataset. This form contains a total of 260 songs, all of them harmonically analyzed, with
specific tags indicating the key, or keys, of the song, the measure where that key is introduced, and its own
.wav file with a performed recording of the song. We will now demonstrate the harmonic analysis process

described above providing four characteristic test cases, drawn from our dataset.

0.14 Test Cases

In this coming section we will be focusing on the harmonic analysis of four songs in the dataset. This
demonstration of our procedure acts as a reference for the way the entire dataset was analyzed. The
structure of our analysis will be the following. First we will provide a lead sheet of the song along with the
scale degree numbers that derive from our analysis. These lead sheets are taken from the Real Book of Jazz
that we mentioned above. Then we are going to explain the reasoning behind our harmonic analysis, for
each one of the songs chords. after that, we are going to provide the same lead sheet, with the various tonic
areas of the song, marked, in the way that they can also be found in out dataset tags. So, let us start with

the first test case.

0.14.1 Song Case: There will never be another you

The first song we are going to take a look into is the song There will never be another you (0.14.1), originally

written by Harry Warren and Mack Gordon.

To start off, we state some observations regarding the lead sheet, that may be proven valuable in our analysis.
The fact that the song’s first and last chord is an Eb major, strongly indicates that the key of Eb major
plays a central role in the piece. This is not always the case, as this one specific chord can imply a number
of different keys, but it is always a good starting point. For reference, we will provide the chord set of the

Eb major scale as well as the Eb minor chord sets as they will prove to be useful in our analysis:
Eb major: Ebmaj7 - Fm7 - Gm7 - Abmaj7 - Bb7 - Cm7 - Dm7(b5)

Eb natural minor: Ebm7 - Fm7(b5) - Gbmaj7 - Abm?7 - Bbm?7 - Cbmaj7 - Db7
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There will never be another you
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Figure 0.14.1: There will never be another you lead sheet
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Eb harmonic minor: Ebm(maj7) - Fm7(b5) - Gbmaj7(#5) - Abm7 - Bbm7 - Cbmaj7 - Ddim7
Eb melodic minor: Ebm(maj7) - Fm7 - Gbmaj7(#5) - Ab7 - Bbm7 - Cm7(b5) - Dm7(b5)

So, based on the previous statement, we start off by characterizing the Ebmaj7 chords in the beginning of
the tune, as Imaj7. Moving on to the third bar, we find another diatonic to the key of Eb major chord, the
Dm7(b5), which we can easily identify as the VIIm7(b5). The next chord is a dominant chord, a G7b9. Note
here that the b9, is called a chord extension, and it is an extra note added to the chord, to provide further
harmonic tension. In this particular case, the extension refers to the 9th of the chord, which is located one
octave and one note above the chord’s root, G. So, in the case of G7, the b9 is the note Ab. The possible
extensions that a chord can have, are on its 9th, its 11th and its 13th note. The addition of an extension,
does not change the harmonic functionality of the chord. So, returning to our example, we treat the G7b9
chord exactly like we would treat a G7 chord. We can easily see that the G7 chord doesn’t appear in any of
the Eb diatonic chord sets. However, since it is a dominant chord, we suspect that it could be a Secondary or
a Substitute Dominant, so we look further to figure out any relation between the G7 and one of its successor
chords. Next up we encounter a Cm7 chord, a diatonic chord to the key of Eb major, more specifically the
VIm7. Analyzing the Cm7 as the VIm7, brings us to a realization about the G7b9 we encountered earlier.
Being a dominant chord that exists a 5th up of Cm7, G7b9 is identified as a Secondary Dominant to the
Cm7, so it is labeled as V7/VI.

Moving further on, we see another Cm7, which we label as the VIm7 again. The Bbm?7 that exists in bar
number 7 is the Vm7 from the Eb natural minor chord set. For the next 2 chords we follow the same logic
that we did for bars 4 and 5. Given that Eb7 is a non diatonic chord in the key of Eb, we suspect it being a
Secondary or Substitute Dominant to another chord. For it to be a secondary dominant, we would have to
encounter a Ab chord after it, and for it to be a Substitute we would have to come across a D chord. We,
indeed, find the next chord to be a Abmaj7 chord, the IVmaj7 of the Eb major chord set, so that makes
the Eb7 the V7/IV. The three chords that follow, are a typical example of a II-V-I cadence in the key of
Eb major. We have Fm7(b5) being the IIm7(b5) from the Eb natural minor chord set, the Bb7 being the
V7 from the major chord set and the Ebmaj7 as the one, as we have already established. The next non
identified chord that we encounter is in bar 13, and it is an F7 chord. Being a non diatonic dominant chord,
we suspect it being a secondary or substitute dominant. However, the next chord, Cm?7, does not meet the
criteria of a successor to F7. Taking a look at the next 2 bars we see a Bb7 chord, that is in fact a 4th up
from the F7 chord in bar 13. This is actually a very common practice, delaying the resolution of a dominant
chord by 1 or 2 bars. So since the Bb7 is the V7 of the Eb major key, that F7 refers to the V7 through the
function of a Secondary Dominant (a 5th up from Bb7). That applies to the F7 chord in bar 14 as well. As
far as the Fm7 chord in bar 15, we can easily find it out to be a IIm7 from the major key chord set. That
concludes the first 16 bars of the song.

Moving on the the second half of the lead sheet, we see that bars 17-27 are a repetition of bars 1-11, so no
further analysis is needed in that part of the song. Moving on to bar 28, we have a Gm7 chord followed by a
C7 chord. The Gm?7 chord can easily be labeled as a IIIm7, as it is diatonic. As far as the C7, we can only
consider it to be a Secondary Dominant to the II, which is F (V7/II), despite the fact that its successor is
not an F chord. There are several reasons to this. First of all, it is easy to verify that C7 is not one of the
diatonic dominant chords of the current key. Also, it cannot be considered a substitute dominant, because
that would make it a substitute dominant to a B chord, which can not occur in the key of Eb major, neither

as a diatonic chord nor as a borrowed non diatonic one. For a C7 chord to be a substitute dominant, it
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would have to signify a key change, and that statement is not supported from the fact that the first chord
of the next bar, is an Ebmaj7 chord. So that leaves the Secondary Dominant as the only available option.
The F chord that we would be looking for after the currently examined C7, can, in fact, be found in bar 31.
This is a similar occasion to bars 13-16, where we have a belated resolution of a dominant chord. In fact,
the entire chord progression that goes on in bars 28-30 can be considered an extended lead-up to that Fm7
chord that we find in bar 31. More specifically, in bar 28 we have the first two chords of a II-V-I cadence
with Fm7 serving as the local I. Furthermore, in bars 29 and 30 we have the D7-G7-C7 progression, which is
a chain of consecutive Secondary Dominants, that resolves to the same Fm7 chord. So the only thing that
remains are the Bb7 and Eb chords at the end of the song, which pretty easily can be labeled as the V7 and
the Imaj7.

That concludes the harmonic analysis of the song. We saw most of the concepts we described in the
harmony background chapter, in a more practical way. In this particular occasion, we did not encounter
any key changes, so we conclude that the entire song is in the key we assumed in the beginning, the key of
Eb major. For reference we provide the same lead sheet, with the tonic centers of the song pointed out in
figure 0.14.2. With the green color, we have the tonic center of Eb major. We will now move on to our next

example.
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There will never be another you
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Figure 0.14.2: There will never be another you tonic centers

0.14.2 Song Case: Triste

The second song we are going to use as a test case is the song Triste (0.14.3), originally written by Anténio

Carlos Jobim.

94



0.14. Test Cases

Triste

By Bbmaj7 GbmajT B
A I I I ]
o4 = i = I = i = |
I Imaj7 bVImaj? subVT7/T
By BbmajT D-7 G™
I Imaj7 III-7 V1/II
c-7 A-T D7 G-7 A7
# II-7 (IT) VINI VI-7 Bb: VI/III, D: V1
Dmaj7 E-7 A7 D-7 G7 c-7 F7
L_J I _§ I | I _J ]
ﬁ? i | i i
Imaj7 II-1 V1 D:I-7, Bb:III-7 D:IV7, Bb:VT/IT II-7 %4
BY Bbmaj7 Br-7 Ep7
I T T ]
7 = | = | - | - i
I ImajT I-7 1
BY Bvmaj7 F-7 Bv7
T | I ]
I Imaj7 V-7 vi/IvV
EPmaj7 A7 D-7 G-7 c7
—_—
IVmaj1 bVIIT III-7 VI-1 VIN
c-7 F7 g-7  Eb7 g-7 BT
1 1 1 1
I Vi I-7 v I-7 v

Figure 0.14.3: Triste lead sheet

Starting off like we did in our previous example, we see that the first two chords of the song are Bb and
Bbmaj7. The same is true about bars 5 and 6 as well. This is a strong indicator that the song starts off in
the key of Bb major, so based on that we can start our analysis. We will provide the chord sets for the keys

of Bb major and Bb minor:
Bb major: Bbmaj7 - Cm7 - Dm7 - Ebmaj7 - F7 - Gm7 - Am7(b5)
Bb natural minor: Bbm7 - Cm7(b5) - Dbmaj7 - Ebm?7 - Fm7 - Gbmaj7 - Ab7

Bb harmonic minor: Bbm(maj7) - Cm7(b5) - Dbmaj7(#5) - Ebm7 - Fm7 - Gbmaj7 - Adim?7
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Bb melodic minor: Bbm(maj7) - Cm7 - Dbmaj7(#5) - Eb7 - Fm7 - Gm7(b5) - A7(b5)

Drawing from the previous statement, we label the chords on bars 1 and 2, I and Imaj7 accordingly. Next we
look at the Gbmaj7 chord in bar 3, which is a bVImaj7, borrowed from the Bb natural minor key provided
above. Then we see the chord B7, which is not part of a key of Bb so, given that it is a dominant chord,
we look in the following bars to determine if it can be considered a secondary or substitute dominant, or
we have a potential key change incoming. As we previously mentioned, the chords on bars 5 and 6 are Bb
and Bbmaj7, which we already know are the I and Imaj7, so there is no new key being established here.
Furthermore, the fact that it is a non diatonic dominant chord, that resolves a semitone down (to the song’s
I chord) fit the description of a substitute dominant, so we label it subV7/I. Moving on to bar7, we have
a Dm7 chord which we easily find out to be a IIIm7 chord. Then, we have another non diatonic dominant
chord, G7b9 that resolves on a Cm?7 in bar 9. The distance between C and G is a fifth, so G7b9 is a secondary
dominant of Cm7, or a V7/II, Cm7 being the IIm7. We now shift our focus on the next 2 bars. We have a
Am7 - D7 - Gm7 sequence. The Gm?7 is a diatonic chord (VIm7) and D7 is its fifth, making it a secondary
dominant of Gm7 (V7/VI). However, the Am7 chord is nowhere to be found in the Bb chord sets. This is
a good example to demonstrate the use of the relative II. If we consider the Gm?7 a I for the brief fragment
of bars 10 and 11, that makes the D7 the V and the Am7 the II, of this II-V-I cadence. So in the general
context of the song, that Am7 acts as a relative II of the Gm7 chord. We label it with a II in parenthesis

and move on to bars 12 and 13 for another demonstration of a valuable harmonic phenomenon.

In bar 12 we have a non diatonic dominant chord, the chord A7. We follow the same train of thought that
we follow in these situations, checking the next bar or bars, to find a potential resolution of the chord. In bar
13, we find a D chord, whose 5th is in fact A7, so our first thought is that this A7 is a secondary dominant
and more specifically, the V7 /111, given that D is the third degree of the Bb major scale. But that D chord
that exists in the Bb major chord set is a Dm7 chord, and in that instance we have a Dmaj7 chord, which
is completely non diatonic. Furthermore, looking at the common non diatonic borrowed chords, there is not
an instance of a IIImaj7 to be found in that list. So the only remaining analysis for that Dmaj7, is that in
bar 13 of this song, we have a modulation to the key of D major. This means that the previous chord, A7,
has a functionality both in the key of Bb major (V7/III) and the key of D major (V7). That makes it serve
as a pivot chord between the 2 different keys. In our analysis we not the fact that A7 has a functionality in
both Bb major and D major and we move on, now considering the I to be Dmaj7. The chord sets of the key

of D are the following:

D major: Dmaj7 - Em7 - F#m7 - Gmaj7 - A7 - Bm7 - C#m7(b5)

D natural minor: Dm7 - Em7(b5) - Fmaj7 - Gm7 - Am7 - Bbmaj7 - C7

D harmonic minor: Dm(maj7) - Em7(b5) - Fmaj7(#5) - Gm7 - Am7 - Bbmaj7 - C#dim?7
D melodic minor: Dm(maj7) - Em7 - Fmaj7(#5) - G7 - Am7 - Bm7(b5) - C#7(b5)

Moving on to bar 14, we have a Em7 chord and a A7 chord. This is a fairly easy identification, since we
have a standard II-V in the key of D major, Em7 being the IIm7 and A7 being the V7. In the next bar we
have a Dm7 chord and a G7 chord. At first we easily identify them as a Im7 chord, borrowed from the D
natural minor chord set, and a IV7 chord, borrowed from the melodic minor chord set. The analysis gets
tougher when we reach the next bar, which includes a Cm7 and a F7 chord. We can easily check that there

is no instance of Cm7 in any of the chord sets in the key of D, and that also applies for the chord F7 as well.
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There is also no instance of a bVIIm?7 (for the Cm7) in the common modal interchange borrowed chords that
we talked about. We can always label the Cm7 as a relevant II and the F7 as the V7 of an upcoming chord,
so we check the chord that comes next on bar 17. We see that the chords that come in bars 17, 18 and 19
are all Bb chords. We have Bb, Bbmaj7 and Bbm7. The first two chords do belong in the key of D from its
harmonic minor chord set, but the third one does not. But to be completely correct, we have to take a look

at the bigger picture here.

We have a song that originally is in Bb major and at some point modulates to the key of D major. With
the key of D major established, we come across a progression that can be analyzed in the key of D major on
one hand, but on the other hand, it is also the most characteristic establishment of the key of Bb major (the
initial key of the song) we can have, given that it is a IT - V - T cadence to a Bb major chord. Add to that,
the fact that the Bb major chords in bars 17 and 18 are introduced in the same way they are introduced
in the beginning of the song, where the Bb major key is being established for the first time. All this point
out to the fact that we probably have a second key change, reverting to the original key of the song, the
Bb major key. If we go one step further, and wonder where that modulation is actually taking place, we
are forced to make a decision on when does the key of Bb major actually takes over. An initial opinion
would be to consider bar 17 the start our new key. Though that is not an entirely inaccurate opinion, if we
actually listen to the chord progression from bar 15 to bar 17, it becomes clear that the key of Bb major is
actually established at bar 16. This is because of the fact that the IT - V - I cadence that happens in these
bars, has such characterization value, that our ear is already implying the Bb major chord before that chord
even occurs. So if we consider bar 16 the the point where the modulation happens, we can see if bar 15 has
functionality in both keys, the same way that bar 8 did. Indeed, we find out that the chords Dm7 - G7 can
either function in the key of D major (Im7 - IVT7) or in the key of Bb major (IIIm7 - V7/1I). So to finalize
this part of the analysis, we have bar 15 as the pivot bar, and a modulation to the key of Bb major in bar
16.

The first 3 bars after the modulation are pretty easy to analyze. We have the I, the Imaj7 and the Im7 from
the natural minor chord set. Following, we have an Eb7 chord that is the IV7, borrowed from the melodic
minor chord set and another 2 bars of Bb major. On bar 23 we have an Fm7, which is the Vm7 from the
minor chord sets. Next, we encounter a Bb7 resolving a 4th up to an Ebmaj7, which is the IV of Bb major.
That makes Bb7 a secondary dominant to the fourth of the key, analyzed as V7/IV. The Ab7 that we see
next is the bVII7 that comes from the Bb natural minor chord set and on the next bar we have a Dm7
which is the IIIm7 and a Gm7 which is the VIm7. The C7 in bar 28 may not resolve intantly, given that
it is succeded from a Cm?7 (IIm7), but it has a belated resolution on bar 30, a fourth up to F7 which is the
V7 of the key. So we analyze C7 as the V7/V, a secondary dominant resolving to the V of the key. To end
our analysis of this song, for the last 4 meters we have the chords Bbm7 and Eb7 which have already been
identified earlier (Im7 - IV7). We see that the song does not end in the I chord of its key, but that does not

play a part on our perception of the tonic centre, rather it is only an indicator when it actually happens.

That completes the harmonic analysis of the song, Triste. On figure 0.14.4, we provide an overview of the
analysis with the tonic centers pointed out. With green we have the Bb major key and with red we have the

D major key.
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Figure 0.14.4: Triste tonic centers
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0.14.3 Song Case: Have you met miss Jones

The next song that we are going to analyze is the song Have you met miss Jones (0.14.5) written by Richard

Rodgers and Lorentz Hart.

Like in the previous test cases, our first course of action is to check the first and last chord of the given lead
sheet 0.14.5. Since both of them are a Fmaj7 chord we are going to assume that the piece starts at the key

of F major. Below we provide the chord sets of the key of F major:

F major: Fmaj7 - Gm7 - Am7 - Bbmaj7 - C7 - Dm7 - Em7(b5)

F natural minor: Fm7 - Gm7(b5) - Abmaj7 - Bbm7 - Cm7 - Dbmaj7 - Eb7

F harmonic minor: Fm(maj7) - Gm7(b5) - Abmaj7(#5) - Bbm7 - Cm?7 - Dbmaj7 - Edim?7
F melodic minor: Fm(maj7) - Gm?7 - Abmaj7(#5) - Bb7 - Cm7 - Dm7(b5) - E7(b5)

So, we easily mark the chord on bar 1 as, Imaj7. Moving on, on bar 2, for the first time in this chapter,
we find a diminished 7 chord. Looking at the Chord sets provided above, we see that F#dim7 is not the
diatonic diminished chord of the key F major, since that chord is Edim7. But if we remind ourselves of the
list of non-diatonic diminished chords that can be used in a key, we find that F#4dim?7 is the #Idim7 chord,
and that it is a valid non diatonic diminished chord in the key of F major. On bars 3-6 we have several
diatonic to the key of F major chords, that follow pretty standard chord progression movements. The II
(Gm7) goes to the V (C7), giving the feel of a II-V-I cadence, but instead of resolving the cadence, we arrive
at a diatonic ITIm7 and after a VIm7. Then, on bars 7 and 8, we have another II-V connection, this time its
a Cm?7, which is a V7 from the natural minor chord set and a F7 which is a secondary dominant (V7/IV)

of the Bbmaj7 chord that comes next, on bar 9.

Moving on to bar 9, we start having some decisions to make. Obviously the Bbmaj7 chord is a diatonic
chord in the key of F major (IVmaj7) and perfectly completes the IT-V-I cadence that started in bar 7. But
looking further into the piece, we can see several maj7 chords occurring every 2 measures between bars 9
and 15. Although some of them (the Bbmaj7 and the Gbmaj7) are in fact diatonic to the key of F major,
there are some issues that need resolving. First of all, we have a Dmaj7 chord that is neither diatonic nor
is one of the valid modal interchange chords that we are talked about on chapter 3.3. Second, and most
importantly, if we actually listen to the song along with its melody, every 2 measures, or everytime we fall
on a maj7 chord, we get a sense of stability in the harmony, that is also supported by the melody. That
is a strong indicator that we are moving through several keys in that specific progression. That harmonic
motion, where several tonic centers are being established through consecutive II-V-I cadences, is in fact very
common in jazz music. In that specific example we are passing by 3 different keys, the keys of Bb major,
Gb major and D major. Each key is being established with a II-V before resolving to the I. Note here that
in our case, all three tonic centers have a distance of a major third (2 whole tones). These consecutive
modulations between keys with that harmonic relationship are often mentioned as "Coltrane changes", due
to them becoming popular from the famous jazz artist, John Coltrane. It is important to clarify that, to
say that the Bbmaj7 on bar 9 is just the IVmaj7, and the modulations start from the next bar, would not
necessarily be a wrong interpretation of the harmony. But given the harmonic context before and after that
specific measure, along with the general movement of the progression, it is preferable that we analyze it as
such. The final analysis of this particular part of the song, and the whole piece in general is available of
figure 0.14.6.
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Figure 0.14.5: Have you met miss Jones lead sheet
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Figure 0.14.6: Have you met miss Jones tonic centers
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Figure 0.14.7: Recordame lead sheet

0.14.4 Song Case: Recordame

In the final test case we are going to present, we will take a look at the analysis of the song Recordame from

composer, Joe Henderson.

Starting off our analysis, the first thing we notice when we look at the song’s lead sheet at figure 0.14.7 is
that the first 4 measures have only one chord, which is an Am chord. It is a safe starting point to assume
that the song starts in the key of A minor and certainly stays in that key for the entire first 4 bars. For

reference, we provide the chord sets of the A minor and major scales:

A major: Amaj7 - Bm7 - C#m7 - Dmaj7 - E7 - F#m7 - G#m7(b5)

A natural minor: Am7 - Bm7(b5) - Cmaj7 -Dm7 - Em7 - Fmaj7 - G7

A harmonic minor: Am(maj7) - Bm7(b5) - Cmaj7(#5) - Dm7 - Em7 - Fmaj7 - G#dim?7

A melodic minor: Am(maj7) - Bm7 - Cmaj7(#5) - D7 - Em7 - F#m7(b5) - G#7(b5)
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Moving on to bars 5 through 7, where we have 3 consecutive measures of Cm. In the key of A minor, that
would be analyzed as a bIII-7, which is a modal interchange from the A locrian mode, as we discussed in
chapter 3.3. But due to the amount of time that the chord is being kept for, when actually listening to the
song, this change really sounds more like we are just transferring the melody and harmony from the first
bars to another key. That key is, of course the key of C minor. So for now, we already have 4 bars of the

song being in the key of A minor, and the next 3 bars being in the key of C minor.

Right after that point, we are met with a series of chord changes that is fairly similar to the ones from
our previous example, Have you met miss Jones 0.14.6. Specifically, between bars 8 and 15, we have a
series of maj7 chords that appear every 2 measures. Taking a closer look, we see that each maj7 chord is
separated from the next one by the distance of a whole tone, except from the last pair (Gbmaj7, Fmaj7),
which is a semitone step. In general, we see a downwards motion in the harmony, occuring every 2 bars,
which indicates that we are switching between several tonic centers for brief periods of time. This is, again,
happening through consecutive II-V-I cadences. In bar 8 we have the II and the V of Bbmaj7 (Cm and F7),
preparing our arrival to the key of Bb major in bar 9. Using the same mechanism, in bar 10 we make our
way down a tone from Bb major, to Ab major, through the latter’s own II and V (Bbm?7 and Eb7). In the
exact same way, we go all the way down to the last passing tonic center of this sequence, the F major key
in bar 15, whose setup starts off at bar 14 with another II-V progression. As we can see from our 2 previous
examples, this downwards, or upwards in other cases, motion through several tonic centers is very common
in the genre we are examining. It can be a challenge for an algorithm to capture that harmonic information
in the way that a human listener can, especially if there is some ambiguity introduced in the input, like
in the case of Have you met miss Jones’ harmony at the start of its characteristic sequence. This is why
providing a dataset that demonstrates that empirical human understanding of the harmonic movements is

massively important when it comes to detecting altercations in the tonic center of songs.

To finish off the analysis, in the last 2 measures we make our way back into the original key of A minor, at
first setting it up with its fifth (E7#9), and then resolving it to the first of the key, the Am chord. In figure
0.14.8 we can see the final analysis and tonic centers of the song Recordame. With light green we have the
key of A minor, with red we have the key of C minor, and with yellow, light blue, purple and navy, we have

the keys of Bb major, Ab major, Gb major and F major respectively.

We have now encountered every single one of the concepts that we established in the previous chapter. We
have also demonstrated realistic instances of the analysis process that we put our dataset songs through.
In the next chapter we are going to express the principles we used in chapters 0.8.2 and 0.12.4, to a more

concrete way.
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Figure 0.14.8: Recordame tonic centers

104



The Ontology

In previous chapters we looked into some of the technologies that helped us approach the task of harmonic
analysis through the aspect of a music ontology. Along with that, we viewed the set of harmonic rules
that we relied upon to harmonically analyze the songs featured in our dataset. We continued by providing
some characteristic examples of our analysis, showcasing how the musical background we provided helps us
contextualize the harmonic context in these cases. In this chapter we are going to take this a step further, by
turning this theoretical background into description logic expressions, in search of an alternative approach
to harmonic analysis. We will do that by implementing these expression into a music related ontology, the

Functional Harmony Ontology [12].

First, we will begin by introducing said ontology, examine its structure, along with some of the main music

harmony elements it describes.

0.15 The Functional Harmony Ontology

The Functional Harmony Ontology is a music harmony ontology aimed to the harmonic analysis of chord
progressions via reasoning. It offers a description of the theory of modern harmony, through analyzing its
chord progressions. This description is done by implementing the OWL2 RL profile [10]. We will examine the
way that the harmonic components are described in this ontology, and see how that relates to our analysis
in chapter 0.8.2.

One of the main concepts of this proposal, is the way that it describes chords through its use of the ChordType
class. There is a subclass for each one of the six basic chord types: major, minor, diminished, half-diminished,
augmented and suspended. Each subclass, contains are all the chords of that type, that can be defined in
functional harmony, expressed through their scale or mode, and degree. For example, in the major chord
type, representing the chord Cmaj7, we have all the scale degrees that Cmaj7 participates in. Along with the
obvious C Ionian I, this includes many others like the G Ionian fourth, or the C Lydian first. The full list can
be seen on figure 0.15.3. This is a very similar logic to the one we used in our music theory background to
characterize chords in harmonic analysis, especially with the way it enables the analysis of chords that occur
from modal interchange. Referring to chords through their degree and makes it easy to attribute functions
to them and contextualize their progressions. This is highlighted even better through the use of the chord

function class.

As we saw in previous chapters, one of the most crucial concepts of harmonic analysis, is to be able to
characterize the chords in terms of functionality. We saw some of the functions a chord can have based on its

quality and the harmonic context around it. In the case of this ontology, this concept is described through
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Chord = Chord

ChordType
AugmentedChord
DiminishedChord
HalfDiminishedChord
MajorChord
MinorChord
SuspendedChord

EquivalentChords

Heptad = Heptad

Heptad = Heptad

Hexad = Hexad

Hexad = Hexad

Modes

Pentad = Pentad

Pentad = Pentad

Tetrad = Tetrad

Tetrad = Tetrad

TonalityChord

Triad = Triad

Triad = Triad

Figure 0.15.1: The Chord class in the Functional Harmony Ontology.

the chord function class. Its subclasses are several harmonic functionalities a chord can fulfill. We can see
the entire chord function class and its subclasses on figure 0.15.4. We see that there are several functions
that cover a large part of the harmonic background we provided on chapter 0.8.2. The parallel, relative and
parallel relative change classes, cover the occasion of borrowing a chord from the parallel, the relative and
the parallel relative key respectively. The subdominant chord function regards chords that are used as the
IV or the II, like in the case of the II-V-I cadence. Its extension, the local subdominant, along with the local
tonic class, enables us to utilize concepts like the relative IT in our analysis, or any other momentary change

to the tonic center that is small enough to not inflict a modulation.

The most crucial function that we encounter both in our analysis and in the chord functions’ subclasses, is the
dominant chord function. At this point the value of dominant chords is pretty evident. It is one of the core
building blocks of any progression and, as we have seen, we have many different types of dominant chords,
based on where they derive from and what the chord they refer to is. In the instance of the ontology, the
dominant chord function class includes a number of different occasions that cover most of the dominant chord
types we encounter in harmony. The full list of dominant chord function subclasses can be seen at figure
0.15.6. Notice that there are some differences between the dominant chord types displayed in the ontology,
and the ones that we described in chapter 0.8.2. For example, we do not see a class for the substitute or
secondary dominant chords. There is a local dominant chord function that can serve as an equivalent for
some secondary or substitute dominant chords, but it describes only a small number of them. Moreover, it
is important to treat these two types as distinct cases and be able to separate them from other dominant
chords. These are details that offer much value in harmonic analysis and our capability to identify a certain
tonality. So, our next task, is to make the appropriate changes and additions to this ontology, in an effort

to increase its descriptive capabilities in terms of harmonic vocabulary.
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MajorChord
A_AeolianRelativeTonic = A_AeolianThird
A_AeolianSeventh
A_AeolianSixth
A_AeolianThird = A_AeolianRelativeTonic
A_DorianFourth
A_DorianRelativeTonic = A_DorianThird
A_DorianSeventh
A_DorianThird = A_DorianRelativeTonic
A_HarmonicMinorFifth
A_HarmonicMinorSixth
A_lonianFifth
A_lonianFirst = A_lonianTonic
A_lonianFourth
A_lonianTonic = A_lonianFirst
A_LocrianFifth
A_LocrianSecond
A_LocrianSixth
A_LydianFifth
A_LydianFirst = A_LydianTonic
A_LydianSecond
A_LydianTonic = A_LydianFirst
A_MelodicMinorFifth
A_MelodicMinorFourth
A_MixolydianFirst = A_MixolydianTonic
A_MixolydianFourth
A_MixolydianSeventh

Figure 0.15.2: Part of the Major ChordType class in the Functional Harmony Ontology.

dominant chord function subduminanchard function

parallel change . .
parallel relativechange parallel relative subdominant
parallel subdominant

relative change lati bdomi
subdominant chord function relative ?u ominant
subdominant

suspension

tonic chord function Figure 0.15.5: The subdominant chord function class.

Figure 0.15.4: The chord functions class.

dominant chord function

dominant

local dominant

local subdominant
parallel dominant

parallel relative dominant
parallel seventh dominant
relative dominant

seventh dominant

Figure 0.15.6: The dominant chord function class.
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SubClass Of
A_AeolianRelativeTonic
A_AeolianThird
A_DorianRelativeTonic
A_DorianThird
B_LocrianSecond
B_PhrygianSecond
C_lonianFirst
C_LydianFirst
D_DorianSeventh
D_MixolydianSeventh
E_AeolianSixth
E_HarmonicMinorSixth
E_PhrygianSixth
EquivalentChords
F_LydianFifth
Fs_LocrianFifth
G_lonianFourth
G_MixolydianFourth
MajorSeventhTetrad
MajorSeventhTetrad

Figure 0.15.3: All the instances of the Cmaj7 chord in Tonal and Modal Harmony, listed in the Functional
Harmony Ontology

0.16 Additions and modifications

In this section we are going to talk about any altercations or additions that can be made to the Functional
Harmony Ontology, to increase our ability to describe harmonic information through it. To achieve that, we
are going to utilize the background that we used in our analysis, and throughout our proposed dataset. We
are going to transfer the rules that we described and demonstrated on chapters 0.8.2 and 0.12.4, in the form

of descriptive language, in the same way that this is done in the ontology.

The first concept that we are going to implement is the Secondary Dominant chord, which was mentioned
in section 0.12.1. Based on that, we define the SecondaryDominant chord function class and its subclasses,

the secondary dominant chords for all possible tonic notes.

Along with that, we define the SecondaryFifth chord type class, which acts as an intermediate class, for

reasoning purposes.
class SecondaryDominant (onto.DominantChordFunction): pass

Listing 13: The Secondary Dominant chord function class.

class A_SecondaryDominant (onto.SecondaryDominant) :
equivalent_to = [A_SecondaryFifth & (onto.hasNext.some(onto.A_ParallelTonic))]
is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some(onto.

A_DorianTonality), onto.hasTonality.some(onto.A_LocrianTonality), onto.hasTonality.some (
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onto.A_LydianTonality), onto.hasTonality.some(onto.A_MixolydianTonality), onto.

hasTonality.some (onto.A_PhrygianTonality)]

Listing 14: The A secondary dominant class.

1 class A_SecondaryFifth(onto.MajorChord):

2 is_a = [onto.A_Aeolian, onto.A_Dorian, onto.A_Locrian, onto.A_Lydian, onto.A_Mixolydian,
onto.A_Phrygian]

3 is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some(onto.
C_IonianTonality), onto.hasTonality.some(onto.G_IonianTonality), onto.hasTonality.some (
onto.Bb_IonianTonality), onto.hasTonality.some(onto.E_IonianTonality), onto.hasTonality.

some (onto.D_IonianTonality), onto.hasTonality.some(onto.F_IonianTonality)]

Listing 15: The A Secondary Fifth chord type class.

1 onto.E.is_a.append(onto.A_SecondaryFifth)
2 onto.E11.is_a.append(onto.A_SecondaryFifth)
onto.E13.is_a.append(onto.A_SecondaryFifth)

onto.E7.is_a.append(onto.A_SecondaryFifth)
onto.E7sus2.is_a.append(onto.A_SecondaryFifth)
¢ onto.E7sus4.is_a.append(onto.A_SecondaryFifth)
7 onto.E9.is_a.append(onto.A_SecondaryFifth)
s onto.Esus2.is_a.append(onto.A_SecondaryFifth)
o onto.Esus4.is_a.append(onto.A_SecondaryFifth)

Listing 16: The that can function as an A Secondary Fifth.

The next harmonic element that we are going to implement is the Substitute Dominant 0.12.2. In earlier
chapters we refered to the substitute dominant as a dominant chord whose root is a semitone up from the

chord it resolves to. Based on that, we define the following classes:
I class SubstituteDominant (onto.DominantChordFunction): pass

Listing 17: The Substitute Dominant chord function class.

1 class A_SubstituteDominant (onto.SubstituteDominant):

2 equivalent_to = [A_SubstituteFifth & (onto.hasNext.some(onto.A_ParallelTonic))]
is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
A_DorianTonality), onto.hasTonality.some(onto.A_LocrianTonality), onto.hasTonality.some (
onto.A_LydianTonality), onto.hasTonality.some(onto.A_MixolydianTonality), onto.

hasTonality.some (onto.A_PhrygianTonality)]

Listing 18: The A substitute dominant chord function class.

1 class A_SubstituteFifth(onto.MajorChord):

2 is_a = [onto.A_Aeolian, onto.A_Dorian, onto.A_Locrian, onto.A_Lydian, onto.A_Mixolydian,
onto.A_Phrygian]

3 is_a = [onto.hasTonality.some(onto.A_AeolianTonality), onto.hasTonality.some (onto.
C_IonianTonality), onto.hasTonality.some(onto.G_IonianTonality), onto.hasTonality.some (
onto.Bb_IonianTonality), onto.hasTonality.some(onto.E_IonianTonality), onto.hasTonality.

some (onto.D_IonianTonality), onto.hasTonality.some(onto.F_IonianTonality)]

Listing 19: The A Substitute Fifth chord type class.
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Chord = Chord
ChordType
AugmentedChord
DiminishedChord
DiatonicDiminished

A_HarmonicMinorSeventh
Ab_HarmonicMinorSeventh
B_HarmonicMinorSeventh
Bb_HarmonicMinorSeventh
C_HarmonicMinorSeventh
D_HarmonicMinorSeventh
Db_HarmonicMinorSeventh
E_HarmonicMinorSeventh
Eb_HarmonicMinorSeventh
F_HarmonicMinorSeventh
Fs_HarmonicMinorSeventh
G_HarmonicMinorSeventh

HalfDiminishedChord

MajorChord

MinorChord

SuspendedChord

Figure 0.16.1: Diminished chords as presented in the functional harmony ontology.

onto.Bb.is_a.append(onto.A_SubstituteFifth)
onto.Bbll.is_a.append(onto.A_SubstituteFifth)

3 onto.Bbl13.is_a.append(onto.A_SubstituteFifth)

1

onto.Bb7.is_a.append(onto.A_SubstituteFifth)

5 onto.Bb7sus2.is_a.append(onto.A_SubstituteFifth)

8

2

onto.Bb7sus4.is_a.append(onto.A_SubstituteFifth)

7 onto.Bb9.is_a.append(onto.A_SubstituteFifth)

onto.Bbsus2.is_a.append(onto.A_SubstituteFifth)
onto.Bbsus4.is_a.append (onto.A_SubstituteFifth)

Listing 20: The that can function as an A Substitute Fifth.

Finally, the last addition to the ontology is the inclusion of the Non-Diatonic Diminished chords (0.12.4).
The diminished chord that is defined in the initial version of this ontology is the one of the seventh degree of
the harmonic minor scale, making it the only diatonic diminished chord. We can see how this is presented

in the ontology on figure 0.16.1.

In order to include the non-diatonic diminished chords for each key, we follow a similar procedure to our

previous additions. First we create the NonDiatonicDiminishedChord chord type class:

with onto:

class NonDiatonicDiminished(onto.DiminishedChord): pass

Listing 21: The Non-Diatonic Diminished chord class.

Then we define a non-diatonic diminished chord type for every note, along with the tonalities it can function

in. For example, for the non-diatonic diminished chords that participate in the keys of A, we have:

class A_NonDiatonicDiminished (onto.NonDiatonicDiminished):

subclass_of = [hasTonality.some(A_AeolianTonality) &
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hasTonality.
hasTonality.
hasTonality.
hasTonality.
hasTonality.
hasTonality.
hasTonality.

some (A_DorianTonality) &

some (A_HarmonicMinorTonality) &
some (A_IonianTonality) &

some (A_LocrianTonality) &

some (A_LydianTonality) &

some (A_MixolydianTonality) &
some (A_PhrygianTonality)]

Listing 22: The A NonDiatonicDiminished chord type class and its tonalities.

Finally, we append the non-diatonic diminished chord type to the chords that belong in the list mentioned

in section 0.12.4, for each tonic key.

with onto:

Adimb7.is_a.append (A_NonDiatonicDiminished)

Asdimb7.is_a.append (A_NonDiatonicDiminished)

Bsdimb7.is_a.append (A_NonDiatonicDiminished)

Cdimb7.is_a.append (A_NonDiatonicDiminished)

Dsdimb7.is_a.append (A_NonDiatonicDiminished)

Edimb7.is_a.append (A_NonDiatonicDiminished)

Esdimb7.is_a.append (A_NonDiatonicDiminished)

Fdimb7.is_a.append (A_NonDiatonicDiminished)

Listing 23: The non-diatonic diminished chords for the keys of A.

That concludes the additions that were made to the Functional Harmony Ontology. Next we will see how

these additions help us detect the key of the songs used in our test cases in the previous chapter.

0.17 Test Cases

In this section we will look into the process that we followed, to test the key detection capabilities of the

Functional Harmony Ontology, after the additions that we made. To do that we will create a semantic graph
database which we will query using SPARQL.

First of all, we have to make sure that we convert the lead sheets of the songs to be analyzed to OWL format.

This can be done using the hasNext, and hasPrevious object properties in the following way:

<rdf:Description rdf:about="file://onto.owl#chord_02_Ebmaj7">
<rdf:type rdf:resource="file://onto.owl#Ebmaj7"/>

<nsl:hasPrevious rdf:resource="file://onto.owl#chord_01_Cm7"/>
<nsl:hasNext rdf:resource="file://onto.owl#chord_03_Dm7b5"/>

</rdf :Description>

Listing 24: Description for the Ebmaj7 chord of a Cm7-Ebmaj7-Dm7b5 chord progression using OWL

We will be analyzing songs from a key perspective according to the following procedure. For each chord of

the song, we will retrieve all the tonalities that it can function in. In that way we can classify each chord
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depending on whether it participates in a certain tonality or not. Another layer of classification will be
introduced, by marking the chords that function in some major or minor tonality, meaning the ones that
exist in either the Ionian or one of the Aeolian, Harmonic or Melodic Minor chord sets. The objective is
for the analysis to not only be the most accurate, but also the simplest possible, giving a priority to the
foundational chord sets that characterize a key. This prioritization will also be reflected in the statistical

analysis of the results.

For this section we will use two of the four songs we analyzed in the previous chapter. The goal is to present
two different cases. First we will have the case of the song There will never be another you0.14.2; a song
that maintains its initial key throughout. Second, we are going to look into the case of the song Triste(.14.4,

which modulates to a second key for a small number of bars.

For the analysis of the results, we are going to calculate the following metrics for each tonality. A tonality’s
Tonality score refers to the total number of the song’s chords that can function in any of that tonality’s
chord sets. For example, the C tonality’s Tonality score will account for chords with C'_IonianTonality as
well as chords with C'_ DorianTonality. The Diatonic score refers only to the chords that are diatonic to this
particular tonality, meaning the ones of the major and minor chord sets. Similarly, we will also be providing
a Major score, which excludes any chord that does not belong in the Ionian chord set of the tonality, and
a Minor score, which will exclude any chord that does not belong in any of the minor chord sets. Finally,
we will be combining these metrics into an overall score, which will be a weighted average, slightly favoring
tonalities with a better Diatonic score instead of a Tonality score, for the reasons we mentioned before. The

formula of the overall score is the following:

Overallscore = 0.8 x TonalityScore + 1.1 x DiatonicScore + max(MajorScore, MinorScore)

0.17.1 Case 1: There will never be another you

The song is in Eb major and maintains its key throughout. It consists of a total of 39 chords. The tonalities

with the four best overall scores are the following:

Table 13: There will never be another you ontology key analysis

Major score Minor score Diatonic score Tonality score Overall score

Eb Major Tonality 74.36 26.21 94.87 94.87 84.87
C Minor Tonality  35.9 76.92 89.74 94.87 83.85
Bb Major Tonality 69.23 35.9 79.49 94.87 77.52
F Major Tonality  38.46 58.97 74.36 94.87 72.22

As we can see, the Eb Major tonality is correctly detected as the most probable key of the song. Comparing
its scores with the ones of the other tonalities, we can identify the diatonic score as the deciding factor for
these results. This confirms the previous statement that ideally requires the analysis to be as simple as
possible, to have an accurate prediction. Despite the four tonalities having the same Tonality score, the fact
that in the Eb Major case, there is a much higher usage of diatonic chords instead of Modally Interchanged

ones, ultimately makes it the key most fit to describe the song’s harmony.

One part of these results that seems surprising at first, is the fact that the two highest overall scores, are
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separated by quite a thin margin. However this can be expected, due to the fact that these two tonalities
are each others’ relative major /minor. As described in previous chapters, the relative minor of a major key
is the key that starts from the sixth degree of the major key’s Ionian scale, which is also equivalent to the
Aeolian mode. In this case, the diatonic chord sets of the C minor key are, the C Aeolian, C Harmonic minor,
C Melodic minor and C major chord sets. Among these four, there are three chord sets that are identical or
similar to the chord sets of the Eb major key. These are, the C Aeolian chord set which is equivalent to the
EDb Ionian chord set starting from the sixth degree, and the Harmonic and Melodic minor chord sets, that
differ from the Eb Ionian chord set by one and two chords respectively. It becomes evident that these two
keys’ chord sets share a significant number of identical chords. These chords are considered diatonic in both
keys, but can be found on different degrees, and thus, have different functions. If we took a look at the first
two chords of the song, we will find them to be the Imaj7 in the case of the Eb major key, or the bIIImaj7
in the case of the C minor key. This is a pattern that repeats itself quite a lot throughout the song. Of
course, this is something that the procedure we are following is, and should be, oblivious to, given the fact
that there is a great number of songs that do not begin with their first degree chord. But it gives an idea of
what it means for a chord to be critical to a tonality and/or song, a concept that will be highlighted even

more in our next test case.

0.17.2 Case 2: Triste

This song is mostly in the key of Bb major. In bars 13-15 it briefly modulates to the key of D major. To
start off, we are going to compute the metrics mentioned above for the entirety of the song, to get an idea
of what kind of output we get, and how it relates to the actual key movements of the song. The four highest

scores that derive from the total of 39 chords, are the following:

Table 14: Triste ontology key analysis (full song)

Major score Minor score Diatonic score Tonality score Overall score

Bb Major Tonality 74.36 38.46 89.74 94.87 82.99
F Major Tonality — 71.79 53.85 89.74 97.44 82.82
C Major Tonality  69.23 48.72 87.18 97.44 81.03
G Minor Tonality = 48.72 58.97 84.62 97.44 76.67

Taking a quick look at these results, we sure are happy see that the main key of this song is the one that
gets the best overall score, despite having a slightly worse Tonality score than the other ones. It is logical
for the overall results to not be affected as much by the key change that occurs, given its small duration. On
the other hand, that means that there is not much of an indication of a key change coming from the results,

which raises the question of how would that could be achieved.

Another observation to be made is that, once again, the highest overall scores are separated by a small
margin. In this case, along with the Bb Major tonality, we have the F Major and C Major tonalities, also
appearing to be very close to the song’s tonality. A reason for this can be the that these keys have similar
key signatures. In fact, the Bb major scale’s key signature is an Eb apart from the one of the F major,
which has an E instead. Accordingly, Bb major and C major are two flats apart (Bb, Eb), thus the slightly
larger margin. The existence of G minor in the four highest overall scores is encouraging, given that it is

the relative minor of the main key ok the piece, Bb Major. In an effort to get a better understanding of the
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accuracy this method can achieve, we will look into the two parts of the song with different keys, individually.

First we take a look at the total of 34 chords that are in the key of Bb major:

Table 15: Triste ontology key analysis (Bb major area)

Major score Minor score Diatonic score Tonality score Overall score

Bb Major Tonality 76.47 44.12 94.12 100 86.67
F Major Tonality  73.53 58.82 94.12 100 85.69
C Major Tonality  67.65 50 88.24 100 81.57
G Minor Tonality  47.06 64.71 85.29 97.06 78.73

Once again, we encounter the same four tonalities as before, only now there is a slightly wider margin
between them. While this is encouraging, some further explanation is required to correctly contextualize
these results. In the previous test case we mentioned the idea of critical chords, meaning that certain diatonic
chords, or their degrees, might have more gravity in determining the key of a song. In this particular song,
we encounter plenty of chords that could be analyzed in any of the four keys seen above. What differentiates
the four analyses, is the role that each chord plays in each key. For example, we cannot claim that the song
is in F major, despite the margin between the overall scores. Doing so, would dismiss the fact that we have
chords of critical harmonic impact in the key of Bb major, like the tonic or the fifth, being misidentified as
chords of lesser harmonic impact in the key of F major. The importance of this concept is even more evident
if we aim to identify key changes inside songs. To further look into this, we provide the tonality scores for
the part of the song that modulates to the key of D major.

Table 16: Triste ontology key analysis (D major area)

Major score Minor score Diatonic score Tonality score Overall score

D Minor Tonality 60 80 100 100 90

D Major Tonality 60 80 100 100 83.33
A Minor Tonality 40 60 100 100 83.33
C Major Tonality 80 0 80 80 77.33

What might be surprising, is the fact that instead of D major, the highest overall score belongs to the key
of D minor. D major has the same score to A minor, with the two tonalities being similar in terms of key
signature, being two sharps apart (F#, C#). Of course, we are talking about a total of five chords, which is
quite a small sample size. In fact, this matter again boils down to the role that each one of these five chords
must play, for a key to be adequately established. The first chord of this progression, is the tonic of the D
major scale, Dmaj7. This is the chord that establishes the key for the first time, and what follows is a series
of II-V-I cadences that, out of context, can certainly be analyzed in any of the keys shown above. After all,
harmonic complexity is an essential characteristic of this entire dataset. However, the harmonic gravity that
this Dmaj7 chord has, is what stays in our mind while listening to the rest of this chord progression, and
this sonic perception of harmonic centers is what we have to aim for in our future work. For now, we will

see how some other existing practices tackle that challenge, in the Dataset Fxperiments chapter.
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Having covered the required musical background, and demonstrated the exact process of how the proposed
dataset was formed, it is now time to put our work to the test. In this chapter we are going to examine
how the key recognition algorithms that we mentioned in chapter 0.6.2 perform when receiving our proposed

dataset as input.

But first, we are going to take a look on the evaluation method that we followed to determine the scores

shown in the final results.
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0.18 Evaluation methods

The evaluation methods that we used are in accordance with the standard evaluation procedures that MIREX
indicates, for the songs that stay in one global key. Different weighting factors apply for each relation between
the ground truth and the estimated key from the algorithm’s output (same, perfect fifth, relative, or parallel),

that combine to create a weighted average, that is the final score of the estimator.

For the songs that do not stay within one tonic center we have two different cases. When estimating their
key using the tools that do not have a local key functionality, we follow the process described above, judging
them on their ability to identify the first key that occurs in the song. That can, admittedly, prove to be a
tricky procedure, given the fact that the key of the song might change quite early in.

In the case of the local key functionality provided by the justkeydding tool, we manually evaluate whether
that is an acceptable answer or not, based on the comparison between the output of the algorithm and the
harmonic analysis that we have already done. We generally have some flexibility on how accurate we expect
the point of modulation to be. So in cases that the output is identifying all of the song’s tonic centers
approximately where they are actually happening, we apply a weight on 1. That flexibility also applies for
cases that some other keys, that do not exist in our analysis, occur in the song as harmonic noise, provided
that this happens for a very short period of time and there is not a big number of such keys. If the accuracy
of the prediction, or the amount and duration of noise exceeds the acceptable limit (between 1 or 2 bars,
depending on the song’s duration), we apply a weight of 0.5. Lastly, if the output is such, that does not

provide any useful harmonic information comparable to our harmonic analysis, it receives a weight of 0.

0.19 Results

We will now take a look at the results that the aforementioned algorithms produced, when having our
proposed dataset as their input. First, we calculate the overall score for each algorithm, and then we
separately calculate the scores for songs that stay in a single key and for songs that go through multiple
keys. We will be comparing these scores, with the scores that each algorithm produces for the datasets that
are used in the MIREX Audio Key Detection algorithm evaluation. For algorithms that offer a local key
identification function, we are going to provide their respective score, according to the logic described in the

previous subsection.

0.19.1 justkeydding

The first algorithm we are going to use is the justkeydding algorithm, which was presented in 0.8.2. The
MIREX scores that occured through our experiments can be found on table 17. At first glance, we see that
the overall MIREX score of the algorithm using our dataset is the lowest among all the examined datasets.
That is an initial indication that the Real book dataset offers a challenge to the algorithm compared to some

other cases.
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Table 17: justkeydding MIREX scores

Same 5th Rel Par Other Overall

Real book all 56.34 12.69 11.19 4.85 14.93 67.02
Real book singlekey 63.03  12.72 10.3 4.24 10.3 72.89
Real book multikey 45.63  12.62 12.62 5.83 22.33 57.45

MIREX2005Key 8243 9.74 391 088 3.04 88.65

GiantStepsKey 99.6 8.44 1043 4.8 16.73 67.91
Isophonics 68.056 851 7.82 529 10.35 75.7
RobbieWilliams 65.61 11.64 7.41 1.06 14.29 73.86

Billboard2012Key 69.86 1096 6.16 6.16 6.84 78.42

Taking that initial observation into account we try to look for other useful points that can help us in our
conclusions. A quite interesting place to look at is at the scores for the single-key and the multi-key parts of
our dataset. In the case of the single-key, its overall score is slightly improved, now being the second lowest
score amongst the other datasets. Where the largest difference is spoted, is in the score for the multi-key
case. We got a much lower score for the 102 songs in that group, compared to the overall score for the full
dataset. When evaluating that outcome we must consider that there are cases where the first modulation
of a song occurs within the first 30 seconds, making it more challenging for an algorithm to really appoint a
single key in that time fragment. Another case might be that the relation between the key detected from the
algorithm and the actual key of the song, is not immediate. That means that it could be some combination
of the 3 first key relations that we are already using for the classification, the adjacent (or 5th), relative
and parallel key. So in an effort to better understand these results, we will try and determine the relation
that each key that was classified as "Other" has, with the actual key of the song. Their relation can be

characterized by one of the following attributes:

Table 18: "Other" index

Relative of Adjacent (RoA) The detected key is the relative of an
adjacent of the original

Parallel of Adjacent (PoA) The detected key is the parallel of an
adjacent of the original

Adjacent of Adjacent (AoA) The detected key is an adjacent of an
adjacent of the original

Relative of Parallel (RoP) The detected key is the relative of the
parallel of the original

Parallel of Relative (PoR) The detected key is the parallel of the
relative of the original

Early Changes (EC) The key changes significantly within the
first 30 seconds of the song
Enharmonic (EH) The detected and original keys are
sonically equivalent, but have different
harmonic properties (F# major/ Gb
major)

None The two keys either have relation with
more than 2 components, or have no
relation
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Based on that classification method, the results that we got for the justkeydding algorithm were:

Table 19: justkeydding "Other" cases

H RoA EC PoA PoR AoA None RoP EH H
HE 6 3 2 2 1 1 1]

That information reveals two things. First of all there seems to be a tendency towards incorrectly detecting
keys that are the relative to an adjacent of the actual key (RoA). Fore the time being, this does not necessarily
suggest a trend towards this direction in this, or other algorithms, mostly due to the sample size. However, as
we have already seen in the ontology analysis, tonalities with similar key signatures tend to be misidentified
for each other in these results, and this specific relation does fall under this case. Secondly, these results come
to confirm our hypothesis about how, early changes in the tonic centre might affect the output of certain
algorithms. While having a sufficient number of these cases is predictable, what these results really reveal, is
that there really is need for an approach that focuses more on the detection and identification of modulations.

That becomes even more evident when taking a look at the local key function of the justkeydding algorithm.

First of all, we have to look into the scores that the local key functionality of the justkeydding algorithm
provided.

Table 20: justkeydding local key scores

Same Adjacent Other Overall
Real book mulitkey 13.59  54.37 32.04 40.78

Looking at these scores, we do not come across a consistently accurate output. In most cases, when inspecting
the local tonic centers that are detected, we are not provided with valuable harmonic information. The main
reason to why this output can not be considered harmonically reliable is its high degree of instability. In
most occasions, the tonic center changes are too many or occur too often. To provide more context on the

algorithm’s output, we are going to take a look at an example.

In a previous chapter, we looked at the harmonic analysis of some songs to help us better explain the musical
background on which we are basing our work on. Amongst these test cases, there was the one of the song
"Recordame”, that is also one of the songs that belong in the multikey subset of our dataset. In an effort
to get some insight about the local key detection functionality’s strengths or lackings, we will compare the

harmonic analysis that it produced for that specific song, with our analysis from Chapter 0.12.4.
The analysis from the justkeydding local key is:

[777 7F7, ’F7’ ’F\)7 7F\77 7F7, 7F’, 7B'b’7 7Bb7, 7Bb” 7Bb7, 7B'l:)77 7B'b77 7Bb7, ’Bb’, 7Bb7’ 7'b'b’7 7bb7, 7.A.'b’7 7Ab” 7.A.'b77
71A'l:)77 7Ab7’ VAl:)77 7Db7’ 7F#7’ 7F#7’ 7F#7’ 7Db7, 7Dl:)77 7bb7’ 7Bb7’ 7Bb7’ 7]_3)1:)77 7F7’ 7F77 7F7’ VFW7 7F7]

We see that this type of output does not provide useful info for a series of reasons. We have a series of 39
comma separated values, with each one being the key of the song at that specific moment. However it is
unclear what measure of the song each symbol corresponds to, as the original song consists of 17 measures.
To gain a better understanding of the harmonic analysis that lead to these results, we are going to use the

musicxml equivalent of the song’s lead sheet 0.14.7. That, of course, drifts us away from the detection based
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Figure 0.19.1: Recordame justkeydding tonic centers

on sonic information. However, we will be using that output as a way to maybe clarify the output we get

using the audio file. Using the symbolic input we get the following result:
[7P‘77 7F?, ’F?, 7P‘?7 ?Bb?, 7Bb7’ 7Bb7’ 7B't)77 7B't)77 7Ab7, 7Ab7’ 7e'k)77 7e't)77 7F’, 7C77 73477 7a7]

Instantly we see that this output is easier to make sense of. We have 17 values, each one referring to measure

of the song. The key that’s detected by the algorithm in bar i is the ith value of the sequence.

We are going to provide the tonic centers based on this analysis, like we did with our own analysis on figure
0.14.8. The keys of A minor and F, Bb and Ab major are shown with the same colours they were in our
analysis:light green, navy, yellow, and light blue. The keys of Eb minor and C major are shown with orange

and dark green respectively.

By comparing figures 0.19.1 and 0.14.8 we can evaluate the accuracy of the justkeydding algorithm’s analysis.
The measures whose result is in accordance with our analysis are 8-11, 14 and 16-17, making it a total of

7 bars out of the 17 of the song. So we now have 10 incorrectly detected measures which we are going to
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examine. We start of with bars 1 through 4, where instead of the key of A minor, we have the key of F
major. Using the index displayed on 18 we can identify that case as a Relative of an Adjacent (RoA). This
is a surprising result taking into consideration the fact that the only chord being played in those bars is the
A minor chord. Moving on to bars 5 through 7, we have another surprising result, with Bb major being
detected instead of C minor. This is again a Relative of an Adjacent case (C minor is the relative of Eb
major who is adjacent with Bb major). It is also, once again, a case where the only chord being played is
the tonic of the actual key. In bar 8 we have the same C minor chord, only that time it does belong in the
key of Bb major, acting as the IIm7, which shows that the algorithm can adequetly understand the change
that is being made. What is alarming, is that the ability to determine the exact position of that key change
seems to have a high variance. The next measures that we have to look at are measures 12 and 13. Here
instead of the key of Gb major, we have the key of Eb minor. On one hand, we are talking about the relative
minor of the original key, which is not a very far from the correct answer. However, the fact that the tonic
of the supposed key does not show up in these two bars is another reason for concern. The next 2 measures
are the last that we will have to take a look at. In these two measures, according to our analysis, we should
have the key of F major, on both. For the first bar, the output matches our analysis, catching on to the II-V
cadence (Gm7 and C7) which sets up the upcoming tonic. But on bar 15, instead of having the F major
key shown again, we have the adjacent key of C major. Again, that is not a wide margin, but given the fact
that the algorithm has once again caught on to the impeding key change, by analyzing bar 14 correctly, it

comes as a surprise that when the tonic of the new key actually lands, the output is incorrect.

The final output, despite some accurate detections, does not provide the harmonic context needed for it to
be considered the same, or adjacently the same as the one in our analysis. As a result, it falls under the

"Other" category.

0.19.2 madmom

The next tool that we used is madmom (0.8.2). To evaluate and compare the performance of our dataset
amongst the other available datasets we used the KeyRecognition fucntionality provided by the madmom
library. Since that specific functionality does not have a local key identifier option, we only performed the
first part of the experiment we demonstrated in the previous subsection. Below we provide the MIREX

scores that came from the testing procedure.

Table 21: madmom MIREX scores

Same 5th Rel Par Other Overall

Real book all 67.16 6.34 9.7 2.61 14.18 73.77
Real book singlekey 72.12  5.46 10.91 3.64 8.48 78.37
Real book multikey 59.22  7.77 7.77 097 233 66.27

MIREX2005Key 72.52  16.77 4.07 1.84 4.79 82.5

GiantStepsKey 67.88 6.95 811 4.14 1291 74.62
Isophonics 76.32 7.36 552 3.22 7.59 82.3
RobbieWilliams 72.49  10.05 12.17 1.06 4.23 81.38

Billboard2012Key 84.25 2.74 548 479 274 88.22

Once again, when looking at the overall score for the entirety of our dataset, we see that it is a competitive
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solution compared to most of the commonly used datasets. That keeps being the case, even if we only
consider the MIREX score for the single-key part of our dataset. Now if we take a look at the multi-key
subset’s results, we have a similar situation with the one we had using the justkeydding algorithm. Once
again, we are dealing with a significant increase in the percentage of multi-key song predictions that fall
under the "Other" category. To better understand this reoccurring tendency, we will, again, try to classify
the results that belong in the "Other" category, using the relations we established in table 18. The results

that we get from that analysis are the following:

Table 22: madmom "Other" cases

H RoA EC None EH PoR RoP H
IHE 7 4 2 1 1]

The first thing that we observe is that there are some key relations that do not appear in the final results.
Specifically, we have no cases of Parallel of Adjacent or Adjacent of Adjacent. However, neither of these
relations appeared in great volume in the previous algorithm’s results, so them missing from the results of

the madmom algorithm does not necessarily come as a surprise.

The second and most significant observation coming from these results, is that once again, we have a plenty
of Relative of Adjacent and Farly Changes cases. Just like in the justkeydding case, the most common
misidentification that occurs is the Relative of Adjacent. That might be starting to give some substance
to the hypothesis that there is a tendency towards RoA for predictions that fall into the "Other" category.
The consistency in the results between the two algorithms continues, if we take a look at the second most
occurring case, which is once again Farly Changes. This time, the margin between EC and RoA is even
thinner, which once again highlights the need for enhancing the current practices with more modulation

based functionalities.

0.19.3 KeyFinder

For our last test results we take a look on the output that the KeyFinder (0.8.2) tool produced. These

results, can be found on table 23.

Table 23: KeyFinder MIREX scores

Same 5th Rel Par Other Overall

Real book all 3545 1231 26.87 3.73 21.64 50.41
Real book singlekey 39.4 13.94 2788 242 16.97 54.88
Real book multikey 29.13  9.71  25.24 5.83 29.13 43.14

We see that the scores are way lower compared to the ones of the two previous cases. During the test
comnparison there was an evident tendency towards mistaking the actual key of the song with its relative
one. In many cases, when had a song in a major key, being misclassified as its relative minor key in the
algorithms output. Using the same procedure, we used for the other two algorithms, we examine the context
of the predictions that fell under the "Other" category, for the multi-key subset. In this specific scenario, we

have a plenty of songs falling into that category, even on the entire dataset, which contains both the single
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and the multi-key subsets. However, examining the multi-key subset is enough for this experiment, since
there is already a significantly high amount of such cases in its results. Based on the index found on figure

18, these results are:

Table 24: KeyFinder "Other" cases

H RoA EC PoR PoA AoA H
[ 11 10 3 3 1

This time the classification is even more revealing. For the third time, we have two very common relations
being significantly separated from the rest. Also for the third time, we have these two relations be the
Relative of Adjacent and Farly Changes. At this point, due to the consistency of the results from our
classification, it is safe to say that there might be some bias towards Relative of Adjacent predictions, at
least against the other categories that we considered in table 18. It is also safe to say that the number of
early change cases really confirms that there is not enough focus in the current practices on detecting tonic

centre altercations.
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0.20 Discussion

In this work we saw the process of harmonic analysis under three very different scopes. Using a harmonically
diverse and complex dataset, we got to showcase how many of the intricacies of modern harmony, are reflected
in the results of these methods. After establishing the necessary music background, we demonstrated with
detail the process that was followed to identify the tonalities of the songs in our dataset. The selection of the
jazz genre was, of course, intentional. Throughout this work, we repeatedly referred to the fact that there is

an absence of well documented music data that provides information on the subject of key changes.

In an effort to capture the actual perception of tonic centers and their changes, we combined the theoretical
principles, with the study of the core repertoire, to deliver a dataset as descriptive and accurate as possible.
In an effort to record these principles, and demonstrate our analysis, in an even more concrete way, we
turned towards the use of descriptive logic languages. Implementing the OWL2 RL profile, we documented
some crucial of harmonic components, and integrated them into the environment of the Functional Harmony
Ontology. The way that the particular ontology describes the harmonic components that we use in our
analysis, was a great advantage in both the addition of new rules, and the analysis process that we followed.
In that process, we used reasoning practices to demonstrate how we can approach the identification of
harmonic centers in a song. That, clearly proved to be helpful, validating both our analysis practices, and
the ontology’s descriptive capabilities. Along with this approach, we also explored how some algorithms
focused on the sonic perception of harmony and key detection did, when tested upon our proposed dataset.
This process proved our dataset to be a challenging for some of these algorithms, with their shortcomings
occurring in cases of songs with complex harmony, or key changes. The second, proved to be the case even
in algorithms that offered a local key detection and identification functionality. After examining some of the

misidentified songs, we developed a solid understandings of the lackings and strengths of these algorithms.

What mostly stood out from the results of all of the aforementioned approaches, was the need for a holistic
study of the harmonic vocabulary. This calls for exploiting every notable available music resource, in order
to better contextualize the plethora of knowledge that we have already gained. This dataset, and the entirety

of this work is hopefully a valuable resource, and one that will help enhance our current and future practices.

0.21 Future Work

In closing this thesis we would like to suggest some possible future directions, regarding the subject. First

of all, it is important to keep adding to the resources we have, in order to maximize the amount of relevant
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data for key detection tasks. Across genres, there are numerous resources, rich in harmonic information,
that need to be documented using the same theoretically established principles that we also used in our
case. The next step, is for these resources to be properly integrated into the training and validating stages
of algorithm development. This applies to both current and future approaches of the subject, which need to
have a focus on capturing as much harmonic information as possible in their analysis. A first step could be
the sole identification of the existence of a second or third key in a certain song. This could be expanded
into detecting the location of a certain key change, and ultimately lead to computing the entire harmonic
analysis of a song. This could have great effect in the study of music, both on a theoretical and a practical
level. One way, could be through development of real-time harmonic analysis software, that could be used

in all levels of teaching, practicing and performing music.

Apart from that, work can be done in different aspects of music identification through harmony. By combining
harmonic elements with morphological and sonic characteristics, we could develop a nuanced way to attribute
a genre or a number of genres in a song, or even an artist. This could offer an entirely different approach
in recommendation algorithms of music streaming platforms, which would categorize and recommend songs,
genres and artists by also taking into account their music’s harmonic properties, along with other factors.
This could offer great diversification based on less obvious attributes of music, which would prevent many

recommendation approaches from becoming obsolete.
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