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Tiirk miizigi arastirmalarinda hesaplamali etnomiizikoloji ¢alismalari igin giivenilir
bir ara¢: MakamKit
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Afyon Kocatepe Universitesi Devlet Konservatuvari, A {fyonkarabisar, Tiirkiye
Makale Bilgisi Oz
Gelis: 21 Haziran 2026 Bu makale, Ttrk makam miizigi icin gelistirilmis MakamKit adli analiz motorunun
Kabul: 31 Agustos 2026 yeteneklerini tanitir, Sl¢tilmilg bagarimini bildirir ve bu Sl¢timler sirasinda ortaya ¢ikan bir
Online Yaym: 30 Eyliil 2026 aktarim sorununu tartigtr. Motorun en temel &zelligi, makam miiziginin kendi perde
Anahtar Kelimeler diinyasint bozmadan tagimasidir: dijital notadan koma bilgisinin yeniden kurulmasi, 511
Hesaplamal: etnomiizikoloji eser ve 129.151 nota tizerinde denetlenmis ve binde iki hata payiyla neredeyse eksiksiz
Karar perdesi bulunmugtur; yani eser, motorun i¢inden gecerken Batr'nin on iki sesli diizenine
Koma yuvarlanmamaktadir. Bunun tzerine kurulan ¢6ziimleme katmanlarinda motor, daha
Makam kflmm‘ dnce hi¢ gérmedigi 180 eserlik bir sinav takiminda makami eserlerin dértte tigiinden
MakamKic fazlasinda ilk adayinda, tanidigt makam adlaryla sinirli bakildiginda ise onda dokuza
Nota aktarimi . . . . R
Tiirk miizigi yakininda dogru bllmekted{r. Usul ve bi¢im tantma, bu ga11§ma}.rla birlikte 11k kez sayisal
olarak Sl¢tilmiigtiir: on yedi usulde 2.586 eser tizerinde usultin ilk ti¢ aday icinde dogru
bulunma orant yaklagik yiizde doksan tig, yedi bigimde 1.820 eser tizerinde bi¢imin ilk
adayda dogru bilinme oran1 yaklagik yiizde seksen yedidir. Ses kaydindan makam tanima,
seyrin en ¢iplak duyuldugu solo taksimde giivenilir, geckilerle 6riilii topluluk icralarinda
ise beklendigi gibi daha kirilgandir. Basili nota tanimada ise motor, sayfadaki bir igaretin
hangi perdeye kargilik geldigini on notadan dokuzunda bir koma yanilma pay1 i¢inde dogru
hesaplarken, o sayfadaki eserin makamini giivenilir bicimde adlandiramamakta; motor
bunu gizlemek yerine, uzman onayi tamamlanmadan temiz ¢ikti vermeyi reddetmektedir.
Motorun tasarim ilkesi budur: bilmediginde susar, emin olmadiginda aday siralar, kaynag
yetersizse hi¢ cevap vermez. Bu titizlik sayesinde ortaya bir de beklenmedik bulgu ¢tkmugtur:
aynt eserin iki farkli dijital niishasi, eserin karar perdesi konusunda her dort eserden
birinden fazlasinda birbiriyle anlagamamaktadir. Bu, motorun degil kiilliyatin sorunudur
2822-3195 / © 2026 TM ve bugtine dek bu dlgekte Sl¢tilmemigtir; megkten notaya, notadan baskiya uzanan aktarim
Geng Bilge Yaymcilik tarafindan zincirine dijital niishanin da bir halka olarak eklendigini gosterir. Makalenin katkus: iki
yaymlanmakta olup, agik erigim, yonliidtir: makam muzigi i¢in 6l¢ilmiyg basarimi ve kaynak-gliven diizeni agik¢a
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Girig
Tirk makam miiziginin bilgisayarla incelenmesi son yirmi yilda kendi gelenegini kurdu. Bozkurt’un (2008) kayitlardan
perde ¢ikarma yontemi ile Gedik ve Bozkurt’un (2010) perde histogrami yaklagimi bu incelemenin 6l¢tim zeminini
kurdu; Bozkurt, Yarman, Karaosmanoglu ve Akkog¢’un (2009) ¢aligmast kuram kitaplarindaki dizilerle icradaki fiilt

perdelerin her noktada értiigmedigini gosterdi. Karaosmanoglu’nun (2012) hazirladigt SymbTr nota kiilliyatt ile Uyar,
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Atly, Sentiirk, Bozkurt ve Serra’nin (2014) aragtirma korpusu, bu tir incelemelerin binlerce eser tizerinde
tekrarlanabilmesini sagladi. Sentiirk, Holzapfel ve Serra (2014) notayla kayd1 hizalamay1, Holzapfel (2014) yiizeydeki
ritim ile usul arasindaki iligkiyi, Unal, Bozkurt ve Karaosmanoglu (2014) notadan makam tanimayi, Bozkurt,
Karaosmanoglu, Karagalt ve Unal (2014) usul ve makam bilgisiyle yonlendirilen cimle bolmeyi ele aldi. Bozkurt,
Ayangil ve Holzapfel’in (2014) derlemesi bu birikimi toparladu.

Bu birikimin bir eksigi vardi: aragtirmacinin eline gegen, ugtan uca ¢aligan, ne yapugi ve ne kadar dogru yaptig
agikca belgelenmis bir arag. Yayimlanan yontemlerin ¢ogu tek bir soruna odaklanir; bir eseri nota dosyasindan alip
perdesini 6l¢mek, makamini 6nermek, usuliint ve bigimini tahmin etmek, kaydiyla karsilagtirmak ve bunlarin hepsini
ayni1 kayit dtizeni iginde tutmak, ayr1 ayr1 ¢6ziilmiis pargalarin bir araya getirilmesini gerektirir. MakamKit bu bogluk
icin gelistirilmistir.

Aracin kurulmasinda belirleyici olan, Ttirk miiziginin kendi aktarim tarihidir. Behar’m (1998) ayrinuli bi¢imde
anlattug gibi, Osmanli/Tiirk miiziginde aktarimin esas yolu yiizyillarca yazili nota degil megkti: eser, usta ile ¢irak
arasinda tekrar tekraricra edilerek bedenden bedene gegerdi. Bat1 notasinin bu gelenege girisi, Ayangil’in (2008) izledigi
tizere geg, tartigmali ve hi¢bir zaman tam olmayan bir stiregtir. Nota, megkin tagidigr bilginin ancak bir boliimtni
kagida gecirebilmigtir. Signell’in (1977) seyir tizerine yaptgi betimleme, Popescu-Judetz'in (1996) terim tarihi ve
Wright'in (1992) erken kaynak incelemeleri, bu zincirin her halkasinda bir yorum karar1 bulundugunu gosterir. Perde
sistemi de bunun diginda degildir: bugtin dijital kiilliyatlarda ortak dil olan Arel-Ezgi-Uzdilek ¢ergevesi (Arel, 1968)
yirminci ytzyilda kurulmusg bir dizendir ve Bozkurt ve digerlerinin (2009) 6l¢timleri onun icrayla her noktada
ortiigmedigini ortaya koymustur.

Bu tarih, bir aracin kargisina iki 6dev koyar. Birincisi, makamin perde diinyasini bozmadan tagimak: bir eser
motorun i¢cinden gecerken komalarini yitirip Bat’nin on iki sesli diizenine yuvarlaniyorsa, ¢ikan sonug artik o eser
hakkinda degildir. Ikincisi, bilmedigini bilmek: notanin tagtyamadig: bilgi hesapla geri getirilemez, ve bir arag bunu
itiraf etmiyorsa aragtirmaciy yanilur. MakamKit'in tasarimi bu iki 6dev izerine kuruludur.

Aracin Sl¢tilmesinde ise miizik bilgisayarlig: literatiirintin uyarilari esas alinmugtir. Sturm (2013, 2014) yiiksek
bagar1 gdsteren bir programin miizikal bir sey 6grendiginin kanitlanmig olmadigni, verinin tesadiifi diizenliliklerine
tutunmus olabilecegini uzun stiredir hatirlatir. Kapoor ve Narayanan (2023), bildirilen makine bagarimlarinin 6nemli
bir boélimiintn, sinav sorularinin ¢alisma kigidinda bulunmasina benzer bir kusur ytziinden siskin ¢iktgini
gostermistir. Panteli, Benetos ve Dixon (2018) ayn1 uyartyr diinya miizigi killiyatlart icin tekrarlar. Bu nedenle
agagidaki biitiin sayilar, motorun daha 6nce hi¢ gérmedigi eserler tizerinde ya da eser biitiinliigii korunarak kurulmug
sinavlarda Sl¢iilmis; her sayinin hangi sinavdan ¢ikugi ayrica belirtilmistir.

MakamKit nedir, bu makalede ne kadar1 anlatilmaktadir?

MakamKit’in bes isi vardir: nota dosyasindan perde, siire ve boliim bilgisini ¢ikarmak; ses kaydindan perde seyrini
¢ikarip karar perdesi ve makam adaylar1 6nermek; usul ve aksak yapiyr incelemek; giifteyi ¢6ziimlemek; eserler aras
benzerlik, kiimelenme ve ag haritalar1 Giretmek. Bunlarin yaninda, basili ya da taranmig notayr uzman denetimine agik
bir inceleme paketine ¢eviren bir tanima hatt1 ve uzman her karart onaylamadan temiz ¢ikt1 vermeyen bir nota editorii
bulunur. Edit6r, koma dogrulugunda seslendirme yapabildigi i¢cin, motorun 6nerisi kulakla da denetlenebilir.

Bu makale motorun ne yaptigini ve ne kadar dogru yaptiginy anlatir. Programin i¢ tasarimi — hangi 6zelliklerden
yararlandigi, hangi model ailesini kullandigy, esiklerini nasil tiirettigi, dosyalarinin nasil diizenlendigi — yazilimin lisans
durumu geregi anlatilmamaktadir. Buna kargilik denemelerin nasil kuruldugu eksiksiz verilmektedir; ¢tinkd bu bilgi
olmadan sonug okunamaz.

Arastirma Problemi

Makale, motorun yeteneklerini yedi soruda ele alir:
» Makamin perde diinyast, motorun i¢inden ge¢erken bozulmadan korunuyor mu?

»  Motor bir eserin makamini notadan ne kadar dogru taniyor?
> Usulii nota ylizeyinden taniyabiliyor mu; devri tanimakla devrin agirligini tanimak ayni sey mi?
>

Bir eserin bi¢imini tantyabiliyor mu; ve tantyamadiginda bunu séyleyecek kadar tedbirli mi?
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> Bir ses kaydindan makami tanirken hangi icra bi¢iminde gtivenilir?
> Basili bir notay1 okurken hangi bilgisi kullanilabilir, hangisi kullanilamaz?

> Butiin bunlar1 lgerken, kiilliyatn kendisi hakkinda ne 6grendik?

Ortak Zemin

Veri. Nota tizerinden yapilan bitiin denemeler SymbTr kiilliyat1 (Karaosmanoglu, 2012) ve ondan tiiretilen yerel
¢alisma kopyalart tizerinde yapilmistir. Ses denemeleri solo taksim kayitlari ile CompMusic/OTMM ¢evresinde
derlenmis topluluk icralarina dayanir (Uyar vd., 2014). Basili nota denemeleri, ayni eserlerin nota goriintiileri ile dijital
kargiliklarinimn eglestirilmesinden olugan sabit bir listeyle yapilmugtir. Killiyatin kullanimi ticari olmayan aragtirma
amaglidir ve atf zorunludur.

Orneklem uyarsss. Bu kiilliyatlar repertuvarin rastgele bir kesiti degildir. I¢lerindeki eserler giiniimiize ulagmig, mesk
zincirinde yagatlmug, notaya alinmis, basilmus, dijitallestirilmis ve bir besteciye baglanmug eserlerdir; her agama bir
se¢imdir (Behar, 1998; Ayangil, 2008). Asagidaki hicbir sonug repertuvarin tamami hakkinda bir yargi degildir.
Olgmek ile tabmin etmek. Motorun verdigi sonuglar iki ayri cinstendir ve bu ayrim aracin tasarimina gomiilaidiir.
Birincisi 6l¢iimdiir: bir perdenin frekansi, iki perde arasindaki aralik, bir sesin komadaki sapmas, notadaki bir sesin
stiresi, bir eserin son notasi. Bunlar hesaplanir, tahmin edilmez; aynt dosyaya her zaman ayn1 cevabr verirler. Cetvelin
dogruluk orani olmaz.

Ikincisi yargidir: makam adi, usul adi, bigim ady, taranmig bir sayfadaki isaretin ne oldugu, bir kaytaki karar
perdesinin yeri. Bunlar tahmindir ve yanilma pay1 tagir.

Motorun sézlesmesi bu ayrim tizerine kuruludur: 6l¢timii verir, yargiyr adaylariyla ve payiyla birlikte verir, ikisini
karigtirmaz. Her cevap dért durumdan birine diiger — kesin, 6neri (sirali adaylar), ¢ekimser (“bilmiyorum™), ret (hig
cevap yok). Sessizce yanlis cevap vermek bu diizende tanimli bir durum degildir.

Notun bhangi stnavdan geldigi. Bir yarginin basari orant tig ayri bigimde kaydedilir ve bunlar birbirinin yerine
kullanilmaz: motorun kullaniciya fiilen verdigi yoldan her tiir eserle; ayni yoldan, yalnizca motorun tanidig: adlar
arasinda kalan eserlerle; ve modelin kendi i¢ denemesinden aldig not. Ugiinciisii gercek bir sayidir ama kullanicinin

aldig1 sonucu 6lgmez, bu yiizden ayr tutulur.

Boliim 1. Makamin perde diinyas1 bozulmadan taginiyor mu?

Soru

Makam miizigini bilgisayara aktarmanin ilk ve en temel engeli perdedir. Yaygin nota yazilimlarinin ¢ogu Batr’nin on
iki sesli diizenine gore ¢alisir; bir bakiye ile bir kiigiik miicennebi ayirt etmez, eseri en yakin yarim sese yuvarlar. Boyle
bir yuvarlama oldugunda, sonrasinda yapilan biitiin ¢6ziimleme bagka bir eser hakkindadir. Bu yiizden bir makam
aracinin ilk sinavi, komay koruyup korumadigidir.

Deneme ve bulgu

Dijital notada koma bilgisi her zaman dogrudan yazilt degildir; saysal bir alandan yeniden kurulmas: gerekir. Bu
yeniden kurulumun gergek kargiligryla 6retismesi 511 eser ve 129.151 nota tizerinde tek tek denetlenmis, binde iki hata
paytyla neredeyse eksiksiz bulunmugtur. Yani eser motorun i¢inden gegerken perde kimligini yitirmemektedir. Motor
yine de bunun bir okuma degil bir yeniden kurulum oldugunu kaydinda saklar; ayrim korunur.

Ikinci bir saglamlik 6l¢iisii, killiyatin agilabilirligidir. SymbTr’nin XML killiyatndaki ti¢ bin dosyanin tamami tek
tek agilmaya ¢aligilmug, yaklagik ytizde doksan sekizi (%98) sorunsuz agilmugtir. Agilamayan altmis yedi dosyanin hepsi
kaynakta yarida kesilmis, bozuk dosyalardir; motor bunlar i¢in hi¢bir sonug tiretmez, sessizce eksik bir ¢ikt1 vermez.
Bu iki 6l¢tim birlikte, motorun tizerine bina kurulabilecek bir zemin sundugunu gosterir: eser bozulmadan giriyor,
bozuk dosya sessizce gegmiyor. Sonraki biitiin bélimler bu zeminin Gizerinde durur.

Béliim 2. Notadan makam tanima

Soru

Makam miiziginde bir eserin kimligi biiyiik 6l¢iide nerede karar kildigina baglidir. Karar perdesi, seyrin sonunda varilan

yerdir ve makami tanimanin en gii¢lti ipucudur. Nota bu bilgiyi agikga tagir: eserin son notasi cogu zaman dogrudan
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okunabilir. Unal, Bozkurt ve Karaosmanoglu (2014) notadan makam tanimanin kurulabilecegini gdstermistir.
Buradaki soru, MakamKit’in bu isi ne kadar dogru yaptigidur.

Deneme

Motorun daha 6nce hi¢ gormedigi 180 eserlik sabit bir sinav takimi kullanilmugtir (deneme tarihi: 19 Haziran 2026).

Model, kirk makam adi taniyan sabit bir modeldir ve deneme sirasinda hig¢ degistirilmemistir.

Bulgu

Tablo 1. Motorun hi¢ gérmedigi 180 eserde makam tanima.
Eser kiimesi n [lk aday dogru Ik {i¢ aday iginde dogru
Timu 180 %77,8 %86,1
Motorun tanidigt makam adlar 161 %87,0 %96,3

Motor, kendi tanidigt makam adlar1 arasinda kalan eserlerde on eserden yaklagik dokuzunu ilk adayinda dogru
bilmekte; ilk ti¢ adayina bakildiginda ise yirmi beg eserden yirmi dérdiinde dogru makam listede bulunmaktadir. Bu,
makam miizigi i¢in bildirilen sonuglar arasinda gii¢lii bir diizeydir ve dogru kullanim bi¢imini de gosterir: motor tig
aday tretir, uzman aralarindan seger.

Motorun tanimadigr makamlar ise ayr1 bir bagliktir. Model kirk makam bilmektedir; rastgele se¢ilmis bir SymbTr
ornekleminde eserlerin yaklagik begte biri bu kirkin digindadir ve bu eserlerde dogru cevap bagtan imkansizdir. Motor
bunu gizlemez: her cevabinda ka¢ makam tanidigini ve hangilerini tanidigin: bildirir, boylece aragtirmaci sonucu
kullanmadan 6nce aradigt makamin listede olup olmadigint gérebilir. Kapsam genisletme, aracin agik gelistirme
bagligidir.

Bu ne anlama geliyor

Bu bélimiin asil mesaji, sayinin kendisi kadar sayinin nasil sunuldugudur. Motor tek bir ad dayatmaz; ti¢ aday, tanidig
makam listesi ve o listeye gore 6l¢iilmiis bagar1 payi ile birlikte cevap verir. Sturm’un (2013) uyarist bir sayinin hangi
sinavdan ¢ikugr soylenmedikge kullanici hakkinda hicbir sey séylemeyecegi burada tasarim ilkesine gevrilmistir.
Motorun kendi i¢ denemesinden aldig1 not, kullanicinin aldigs sonugtan yiiksektir; bu iki sayt motorun kayit diizeninde

ayr1 ayri tutulur ve i¢ deneme notu higbir zaman kullanici bagarisi gibi gésterilmesz.

Boliim 3. Usul: yeni bir yetenek ve beklenmedik bir sinir

Soru

Usul, Tiirk miiziginde ritmin ad1 degil diizenidir. Bir usuldi tanimak, kag zamanli oldugunu bilmek degil; diim ile tekin
nereye distiiginii, hangi vurugun agir hangisinin hafif oldugunu bilmektir. Holzapfel (2014) nota ytizeyindeki ritim
ile usultin kendisi arasindaki mesafeyi ol¢tilebilir bigimde ele almus, Bozkurt ve digerleri (2014) usul bilgisinin ctimle
bolmeyi yonlendirdigini gostermistir. Soru sudur: usuliin adi notanin siire yazisindan ne kadar ¢ikarilabilir?

Bu soru MakamKit i¢in ayrica 6nemlidir, ¢linkii motorda notadan usul tanima bu ¢aligmayla birlikte ilk kez
kurulmug ve 6l¢iilmiistiir; daha 6nce motor bir nota dosyast igin usul ad1 éiretmiyordu.

Deneme

SymbTr metin kiilliyatindan, en az otuz eseri bulunan usuller alinmugtir: on yedi usulde toplam 2.586 eser. Usul alant
bozuk olan 414 dosya elenmistir. Eserler biitiin hélinde beg takima boliinmis, her seferinde bir takim sinav olarak
ayrilmigtir (deneme tarihi: 20 Haziran 2026).

Bir noktanin alt ¢izilmelidir: killiyattaki dosyalarin yalnizca ytizde biri kadarinda 6l¢ii rakami yazilidir. Motor
usulii 6l¢ti rakamindan okuyamaz; siire ve vurus dokusundan ¢ikarmak zorundadir. Bu, isi kolaylagtiran degil
zorlagtiran bir koguldur.

Bulgu

Motor eserlerin yaklagik ylizde yetmisinde usulii ilk adayinda dogru bilmekte, ilk ti¢ aday: i¢inde dogru usul eserlerin
yaklagik yiizde doksan ti¢iinde (%93) bulunmaktadir. Ol¢ii rakami olmadan, yalnizca siire dokusundan elde edilen bu
sonug, aracin kullanilabilir bir usul 6nerisi tiretebildigini gosterir.

Usul usul bakildiginda aksak, aksak sem4i ve semai gibi devirler yiiksek oranda yakalanmaktadir. Buna karsilik kapalt

curcuna, nim sofyan ve evfer gibi usullerde oran belirgin bi¢imde diigmektedir.
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Tablo 2. Usullere gore yakalama orani (segilmis)

Usul Oran Usul Oran
aksak 0,90 diyek 0,70
aksak semai 0,87 miisemmen 0,67
semat 0,86 sofyan 0,55
devrihindi 0,80 evfer 0,39
agir aksak 0,78 nim sofyan 0,29
curcuna 0,74 kapali curcuna 0,21

Bu digtstin nedenini bulmak igin ikinci bir deneme yapilmigtir: ayni tahminler, bu kez usul aileleri diizeyinde
degerlendirilmistir — agir aksak ile aksak, kapali curcuna ile curcuna, yiiriik semai IT ile ytiriik sem4f ayni sayillmugtur.

Tablo 3. Ayni tahminlerin usul ailesi diizeyinde degerlendirilmesi.

Aile Oran Alt bigimin kendi orani
curcuna 0,89 kapali curcuna: 0,21
aksak 0,92 agir aksak: 0,78

yiiritk semai 0,67 yuiriik semai II: 0,51

Bu ne anlama geliyor
1ki tablo yan yana kondugunda 6rtintii agiktir: motor devri dogru tanimakta, devrin niteleyicisini tantyamamaktadir.

Kapali curcuna adiyla bes eserden birinde bilinirken, ayni tahminler curcuna ailesi olarak sayildiginda on eserden
dokuzunda dogrudur. Motor aslinda “curcuna” demektedir; yanildigt yer hangi curcuna oldugudur.

Bu, aracin bir kusuru degil, notanin bir siniridir — ve bulgunun kendisi etnomiizikolojik bir sonugtur. Agir, kapal,
yuiriik gibi niteleyiciler notanin siire yazisinda degil, diim-tek agirlik diizeninde, tempoda ve icra tavrinda yasar. Bir
usultin “agir” olmasy, stirelerin uzun yazilmasindan ibaret degildir; vuruglarin tagidigs yiikiin bagka dagilmasidir. Kagit
bu ytkii kaydetmez; mesk kaydeder. Usta ¢iraga devrin ka¢ zamanlt oldugunu degil, nasil basilacagini Ggretir.
Holzapfel’in (2014) kavramsal ayrimi burada, iki tablonun fark: olarak sayisallagmaktadir.

Pratikte bu, aracin nasil kullanilacagini da syler: motorun ilk tig aday1 dogru usulii ¢ok yiiksek oranda i¢erdiginden,

dogru kullanim tek ad dayatmak degil, ti¢ adayr uzmanin 6niine koymakur. Motor zaten béyle davranmaktadur.

Kapsam beyani1

Bu deneme motorun kendi i¢ sinavidir; kullanicinin kullandigi yoldan gegen bir 6l¢iim degildir. Deneme tarihinde bu
yetenek hentiz kullanictya agilmamugts; sayilar tavan degeri sayilmalidir. Usul adlar1 kiilliyatin kendi dosya adlarindan
gelmekte, bozuk alanlar tahmin edilmek yerine reddedilmektedir.

Boliim 4. Bicim tanima ve tedbir

Soru
Sarky, tiirkd, pesrev, saz semaisi gibi adlar hem eserin yapisint hem repertuvardaki yerini anlatir. Stokes un (1992) tiir

sintrlarinim mizikal oldugu kadar toplumsal da oldugunu gésteren tartigmasi, bu kategorilerin masum olmadigin:
hatrlatr. Soru iki katmanlidir: motor bigimi taniyabilir mi, ve tantyamadiginda bunu séyleyecek kadar tedbirli midir?

Usulde oldugu gibi, bi¢im tanima da motorda ilk kez bu ¢aligmayla dl¢tilmugtiir.

Deneme ve bulgu
SymbTr temelli bir ¢alisma killiyatindan, en az elli eseri bulunan yedi bigim alinmugtir: 1.820 eser. Eser butiinlagi
korunarak bes takima boliinmiistiir (deneme tarihi: 21 Haziran 2026).

Motor eserlerin yaklagik ytizde seksen yedisinde (%87) bigimi ilk adayinda dogru bilmekete, ilk ti¢ aday i¢inde dogru

bi¢im neredeyse her eserde bulunmaktadir.
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Bi¢im Eser Bu ad1 verdiginde hakli ¢tkma Bu bigimdeki eserleri yakalama
sarki 994 0,87 0,92
turks 285 0,74 0,61
seyir 169 0,97 0,97
kupe 120 0,94 0,98
pesrev 93 0,87 0,82
saz semaisi 86 0,93 0,95
aranagme 73 0,92 0,78

Pesrev ve saz semdisi gibi klasik ¢algisal bicimlerin yiiksek oranda taninmasi, aracin repertuvar galigmalarinda
kullanilabilirligini gosterir. Motorun en ¢ok yanildigs yer tiirkiidiir ve yanilg: biiyiik 6lgtide sarki yontindedir; bu
sastrtict degildir, ¢iinki sarki ile tiirki arasindaki sinir notanin yiizeyinde her zaman gértintir bir sinir degildir.

Motorun tedbir diizeyi ayrica Slgiilmiistiir. “Kesin” diyebilmesi igin gereken esik, ytizde doksan beg dogruluk
hedefine gére ayarlanmugtir; bu esikte motor eserlerin dortte tigii hakkinda kesin konugmakta, kalani sirali aday listesi

olarak sunmakta, en belirsiz durumlarda hi¢ konugmamaktadir.

Tablo 5. Motorun ne zaman “kesin” dedigi

Deger
Hedeflenen dogruluk pay1 0,95
Esikte ger¢eklesen dogruluk pay1 0,95
Esikte “kesin” denebilen eser orani 0,73

Bu ne anlama geliyor

Tablo 5, aracin en ayirt edici 6zelligini saytya doker: motor yiiksek dogrulukla genis kapsami1 ayni anda vaat etmez, ikisi
arasindaki pazarligi agik¢a yapar ve sonucunu bildirir. Bir aragtirmact igin bu, tek bir yiiksek orandan daha kullansglidir;
hangi eserde motora giivenip hangisinde kendi kararini verecegini bilir.

Bir uyar1 da eklenmelidir. Motorun en bagarilt oldugu ti¢ kategori — seyir, kupe, aranagme — kiilliyatn kendi
diizenleme birimleridir ve geleneksel anlamda birer bigim sayilip sayilmayacaklari tartigmalidir. Bu, makinenin miizikal
bigimden ¢ok klliyatin diizenleme aligkanligini 6grenmis olabilecegi ihtimalini akilda tutmay: gerektirir; Sturm’un
(2014) meghur “at” benzetmesiyle anlattugt durumdur. Stipheyi dagitmanin yolu, killiyatlarin kendi kategorilerinin

nasil kuruldugunu belgelemekten gecer (Gebru vd., 2021; Bender & Friedman, 2018).

Boliim 5. Ses kaydindan makam

Soru

Bir makami en agik gésteren icra bigimi taksimdir: usul yoktur, giifte yoktur, icract makamin seyrini serbestge kurar;
makamin ¢ikict m1 inici mi oldugu, asma duraklarinin nerede oldugu, karara nasil inildigi burada en ¢iplak hiliyle
duyulur. Bir fasil icrast ya da topluluk kaydi ise gegkileriyle ve toplu tavriyla ¢ok daha karisik bir dokudur. Soru,
motorun hangi icra biciminde giivenilir oldugudur.

Deneme ve bulgu
Tablo 6. Ses kaydindan makam tanima.

Kaynak Orneklem Taninmasi istenen makam Ilk aday dogru Ik ii¢ aday icinde dogru
Solo taksim 280 kesit 6 %75,5 %94,5
Solo taksim (ortak karar) | 277 kesit 6 %75,0 %95,0
Topluluk icrast 1.000 kay1t 20 %59,8 %85,1

Dar kapsamdaki altt makam sunlardir: hicaz, nihavend, rast, saba, segih, ugsak. Motorun birden ¢ok ydntemin ortak
kararina dayanan yolu, kayitlarin yaklagik yiizde kirkinda “kesin” diyebilmekte ve bu durumlarda on kayittan
dokuzunda dogru ¢ikmaktadir — yani motor her kayitta konugmamakta, konustugunda biiyiik 6l¢tide haklt
¢itkmaktadir.

Yirmi makamlik genis kapsamda ilk ti¢ aday i¢inde dogru makamin bulunma orani ytizde seksen besin tizerindedir;

bin kayitlik bir 6rneklemde bu, aracin genis repertuvarli arsiv taramalarinda 6n eleme i¢in kullanilabilecegini gosterir.
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Bu ne anlama geliyor

Tablodaki sayilar birbiriyle kiyaslanamaz: altt makam arasindan dogru olani bulmakla yirmi makam arasindan bulmak
ayni1 zorlukta degildir. Miizikal olarak okundugunda tablo sunu séyler: motor, makamin seyrinin en agik goriindiigia
yerde en giivenilirdir. Bu, Signell’in (1977) seyrin makam kimligindeki merkezi yerine dair betimlemesiyle uyumludur.
Seyir ne kadar a¢ik duyuluyorsa hem insan hem makine i¢in makam o kadar kolay taninmaktadir.

Bir sinir belirtilmelidir: ses tarafinda motorun hi¢ gérmedigi eserlerden olusan sabit bir sinav takimi heniiz
kurulmamiustr; yukaridaki sayilar i¢ deneme degerleridir. Nota tarafinda uygulanan disiplinin ses tarafina taginmast

aracin agik gelistirme bagligidir.
Boliim 6. Basil1 nota: 6lgebildigi yer ile okuyamadig: yer

Soru

Ttrk miizigi kaynaklarinin bitytik bolimii basili ya da elyazmast notadir. Bunlarin bilgisayara aktarilmasi, sayfadaki
isaretlerin otomatik taninmast sorununu dogurur; bu is Batt miizigi i¢in bile ¢6ztlmis sayilmaz (Rebelo vd., 2012;
Calvo-Zaragoza, Haji¢ ve Pacha, 2020). Ttirk muziginde daha zordur, ¢iinkii taninmasi gereken yalnizca notanin yeri

degil, komay1 gésteren ariza isaretleridir.

Deneme ve bulgu

Motorun hi¢ gérmedigi 150 nota goriintiisii ile dijital kargiliklarindan olugan sabit bir liste kullanilmig, 147’si
olctlebilmigtir (deneme tarihi: 19 Haziran 2026). Bu listedeki higbir eser sistemin gorsel 6rnek havuzunda
bulunmamaktadir.

Sonug iki ugludur. Motor, sayfada gordiigti bir isaretin hangi perdeye denk distigiint on notadan dokuzunda bir
koma yanilma pay: iginde dogru hesaplamaktadir. Buna kargilik o sayfadaki eserin makamint giivenilir bi¢imde
adlandiramamaktadir. Nota nota bakildiginda hatanin nerede toplandig1 da goriiliir: oktav hig sagirilmamig, nota ad:
neredeyse hi¢ yanlis okunmamug; kayiplarin bityiik bélimii hi¢ gérillemeyen notalardan, kalant ise koma okumasindan

gelmektedir.

Tablo 7. Basili notadan tanima (147 eser).

Oran
Perde, bir koma yanilma payi i¢inde dogru %88,8
Karar perdesi dogru %30,6
Makam, ilk ii¢ aday i¢inde dogru %14,3
Makam, ilk aday dogru %3,4

Bu ne anlama geliyor
Bu iki ug ayni1 cinsten sonuglar degildir ve tek bir “tanima bagaris1” rakamina toplanamaz. Motor élgmey: becerdigs yerde

olgmekte, okuyamadigs yerde ise okudugunu iddia etmemektedir. Bu, aracin tasarim ilkesinin en agik goriindiigti yerdir:
taramadan gelen hi¢bir sonu¢ dogrudan temiz nota sayilmaz; her isaret uzman onaylayana kadar “incelenmemis” kalir;
temiz ¢iktr ancak biitiin isaretler onaylandiginda verilir, eksik incelemede sistem sessizce eksik bir sonug tiretmek yerine
islemi reddeder. Calvo-Zaragoza ve digerlerinin (2020) tanima ile kodlamayr ayirma ¢agrisinin giiven tarafindaki
kargsiligi budur.

Aragtirmact i¢in pratik sonug agiktir ve olumludur: tarama ¢iktist makam kaynagi olarak kullanilamaz, ama nota
nota denetlemek koguluyla koma 6l¢imt kaynagi olarak kullanilabilir. Elyazmast ve eski basma notalarin perde
icerigini l¢mek isteyen bir ¢aligma i¢in bu, halihazirda kullanilabilir bir imkéandir.

Béliim 7. Olgerken ortaya ¢ikan: kiilliyatin kendi sorunu

Bulgu

Bolim 2’nin denemeleri yapilirken beklenmedik bir durum fark edilmistir. SymbTr kiilliyatinda pek ¢ok eser iki ayr1
dijital ntishada bulunur: killiyatin kendi metin dosyast ve yaygin nota degisim bi¢imi olan MusicXML. Ayni sabit
model, ayni eserleri bu iki niishadan okudugunda farkli sonuglar vermektedir. Nedeni araninca kaynak bulunmustur:

iki niisha eserin karar perdesi konusunda dort eserden bivinden fazlasinda birbiriyle anlasamamaktadzr.
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Tablo 8. Iki niishanin birbiriyle anlagmas (80 eserlik 5rneklem, ayn1 model)

Kargilastirilan n anlagan oran
Karar (durak) perdesi 76 55 %72,4
Ilk aday (makam adr) 76 45 9%59,2

Kimi eserde fark bir begli, kimi eserde tam bir oktavdir. Bunun sonucu dogrudan makam tanimaya yansimaktadir:
metin niishasindan okundugunda eserlerin dortte tigtinden fazlasinda dogru bilinen makam, MusicXML niishasindan
okundugunda yarisina diigmektedir.

Bu ne anlama geliyor

Bu bulgu MakamKit'in bir kusuru degildir; motor iki niishayr da ayni bicimde, ayn: modelle islemistir. Bulgu
kiilliyatin kendisine aittir ve bilinen literatiirde bu 6lgekte dlgtilmemistir. Ortaya ¢ikmasi, aracin karar perdesini
bagimsiz olarak 6l¢tip kaydetmesi ve iki kaynag: karsilagtirabilmesi sayesinde miimkiin olmugtur; yani burada arag,
kendi hakkinda degil inceledigi alan hakkinda bilgi Giretmistir.

Etnomiizikolojik anlami ise sudur. Behar’in (1998) anlattugi megk zinciri, eser notaya ge¢tiginde bitmez; notadan
basili edisyona, edisyondan dijital dosyaya uzanan halkalar da birer aktarim halkasidir ve her biri kendi kaybini tiretir.
Ayangil’in (2008) Bat1 notasinin Ttrk miizigine girisinde saptadigt uyum sorunlari, bugitin dosya bigimleri diizeyinde
sirmektedir. Bir eserin karar perdesinin bir niishada rast, 6tekinde gerdaniye okunmasi, o eseri okuyanin onu
bambagka bir perde bolgesinde isitmesi demektir.

Buradan alani ilgilendiren somut bir 6neri ¢ikar: bir ¢aligmada “SymbTr’den alinan su eser” demek yetmez, hangi
niishadan alindiginin belirtilmesi gerekir. Bu, kiinye titizligi degil yontem zorunlulugudur. MakamKit bu nedenle her

cevabinda kaynagmn tlirtinii ve giiven basamagini tagir; ayni eser icin iki niisha varsa hangisinin tercih edildigini de

bildirir.

Sonug ve Tartisma
MakamKit, Tirk makam miizigi i¢in {i¢ seyi bir arada saglayan bir aragtirma aracidir: makamin perde diinyasini

bozmadan tagimak, ¢6ztimleme katmanlarini ugtan uca ¢alisurmak, ve her sonucun ne kadar giivenilir oldugunu
sonucun kendisiyle birlikte bildirmek.

Olgiimler bunu dogrulamaktadir. Koma bilgisi S11 eser ve 129.151 nota {izerinde binde iki hata payiyla
korunmakta; motor, daha 6nce hi¢ gormedigi eserlerde makami — kendi tanidigr adlar arasinda — on eserden dokuza
yakininda ilk adayinda bilmekte, ilk ti¢ adayinda ise neredeyse her eserde dogru makami listelemektedir. Usul ve bigim
tanima bu ¢alismayla ilk kez 6l¢iilmiis, ilk ti¢ aday diizeyinde sirasiyla ylizde doksan {i¢ ve neredeyse tam dogruluk
vermistir. Ses tarafinda motor, seyrin en agik duyuldugu solo taksimde giivenilir, genis repertuvarli arsivlerde ise 6n
eleme i¢in kullanilabilir diizeydedir. Basili notada perde 6l¢iimi bugtin kullanilabilir durumdadir.

Aracin ikinci katkist tasarimindadir. Motor uydurmaz: bilmediginde susar, emin olmadiginda aday siralar, kaynak
yetersizse hi¢ cevap vermez, uzman onayr tamamlanmadan temiz nota ¢ikarmaz. Her cevabr hangi kaynaktan geldigini,
motorun kag kategori tanidigint ve o yolun 6l¢tilmiig bagart paymni tagir. Sturm’un (2013, 2014) ve Kapoor ile
Narayanan’in (2023) uyarilart burada bir uyari olarak degil, bir davranig kurali olarak yasamaktadir. Bu, agik ve yeniden
tretilebilir bilim ¢agrilarinin (Wilkinson vd., 2016; Munafo vd., 2017; Nosek vd., 2018) makam miizigi araglarina
uyarlanmasinin somut bir denemesidir.

Ugﬁncﬁ katki, aracin imkin verdigi iki bulgudur; ikisi de motor hakkinda degil, alan hakkindadir. Birincisi
usuldedir. Motor devri dogru tanimakta, ama agir/kapali/ytriik gibi niteleyicileri taniyamamaktadir — ve bunun
nedeni agiktir: bu niteleyiciler notanin siire yazisinda degil, diim-tek agirlik diizeninde ve icra tavrinda yagar. Kagit bu
yikii kaydetmez, mesk kaydeder. Holzapfel'in (2014) kavramsal ayrim: burada iki tablonun farki olarak
sayisallagmaktadir. Bu bulgunun etnomiizikolojik anlami1 sudur: megkin tagidigi ama kagidin tasimadigi bilgi, hesapla
da geri getirilemez; bir usuliin agirligini bilmek icin onu basmig birinden 6grenmek gerekir. Bu, hesaplamali yéntemin

acizligini degil, i bolumiini tarif eder.
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Tkincisi kiilliyattadir. Ayni eserin iki dijital niishast karar perdesinde dért eserden birinden fazlasinda
anlagamamaktadir. Bu, bilinen literatiirde bu 6l¢ekte 6l¢tilmemis bir bulgudur ve “veri kiimesi” dedigimiz seyin sabit
bir zemin olmadigini gosterir. Panteli ve digerlerinin (2018) diinya muizigi kiilliyatlar: igin isaret ettigi tasarim sorunlari,
Tirk muziginde eserin kimligi diizeyine kadar inmektedir. Bulgudan ¢ikan 6neri somuttur: dijital niishanin hangisi
oldugu, artik bir kiinye ayrintist degil bir yontem bilgisidir.

Motorun etnomiizikolojideki yeri bu tablodan agikca ¢ikar: MakamKit yorumcn degil olgiiciidiir. Bir eserin
makamina karar vermez; karar i¢in gereken 6l¢timleri tiretir, adaylarins siralar, bilmedigini soyler ve gerektiginde susar.
Karari, kaynagin tarihini, mesk silsilesini ve icra gelenegini bilen aragtirmaci verir. Bu i boliimii bir eksiklik degil,
sinirint bilen bir aracin tanimidir. Megk geleneginde de bilgi, kimden alindig: bilinmeden kabul edilmezdi;

MakamKit’in kaynak-giiven diizeni, o eski sorunun dijital ortamdaki kargiligidir.

Sinirliliklar ve Geligtirme Bagliklar:
Sayilarin kaynag1 ve ¢ikar durumu. Bildirilen biitiin sayilar yazarin gelistirdigi motorun kendi 6l¢tim kayitlarindan
alinmuigtir; higbiri bagimsiz bir Gigtincii taraf¢a yeniden kogulmamigtir. Denemelerin kurulugu eksiksiz verilmigtir, ama
bagimsiz dogrulama yapilmamugtir.
Tarih. Sayilar 19-21 Haziran 2026 tarihli denemelere aittir; arag gelismeye devam etmektedir.
Aktarim simur1. Veri, 6zgiin tarihsel kaynak degil, meskten notaya, notadan baskiya, baskidan dijital dosyaya uzanan
zincirin son halkasidir. Perde Sl¢timlerinin dayandigt Arel-Ezgi-Uzdilek ¢ergevesi yirminci yiizyilda kurulmug bir
diizendir (Arel, 1968); erken repertuvara geriye doniik uygulanmasi bir ¢ag karigtirma riski tagir (Bozkurt vd., 2009).
Kapsam. Nota tarafindaki makam modeli kirk makam, dar ses yolu altt makam, genis ses yolu yirmi makam, usul
modeli on yedi usul, bigim modeli yedi bi¢im tanimaktadir. Bu kapsamlarin digindaki hicbir kategori i¢in iddia gegerli
degildir. Kapsam genigletme agik bir gelistirme bagligidur.
Sinav takiminin bagimsizligi. Bolim 2’nin sinav listesi, gelecekte yapilacak bir yeniden egitimin havuzunun
icindedir. Bugtinkii sabit modelin sayilar1 gegerlidir; model yeniden egitilirse liste “goriilmemis” olma niteligini yitirir.
Bu, kapatilmasi planlanan bir agiktir.
Ses tarafinda sabit sinav takimi. Bslim S’in sayilar i¢ deneme degerleridir; nota tarafindaki disiplinin ses tarafina
taginmasi gerekmektedir.
Kullaniciya agilma. Bélim 3 (usul) ve Bolim 4 (bigim) yetenekleri, deneme tarihinde kullanicinin kullandig1 yoldan
ge¢menmisti; sayilar tavan degeri sayilmalidir.
Etiketlerin niteligi. Usul ve bigim adlart kiilliyatn kendi dosya adlarindan gelmektedir; uzman elinden ¢ikmug
olmakla birlikte bagimsiz olarak yeniden denetlenmemigtir. Bigim alani, geleneksel bi¢imlerle kiilliyat-i¢i kesit adlarint
birbirine karistirmaktadir.
Uzman denemesinin yoklugu. Motorun sonuglarinin uzman yargisiyla ne 6l¢iide ortiigtiigtint sinayan, 6nceden
planlanmig bir uzman denemesi hentiz kosulmamistir. Denemeler makinenin tutarliligini 6lgmekte, mizikal

dogrulugu 6l¢gmemektedir; bu, aracin bir sonraki adimudur.

Beyanlar
Cikar gatigmasi. Yazar, bu makalede tanitilan yazilimn gelistiricisidir. Bildirilen sayilarin tamami, diigiik olanlar d4hil,
motorun kendi 6l¢iim kayitlarindan degistirilmeden aktarilmistur.
Veri ve materyal erisilebilirligi. Denemelerin dayandigt SymbTr kalliyat: agik erigimlidir (Karaosmanoglu, 2012)
ve ticari olmayan aragtirma amagh kullanima, auf kosuluyla agiktir. Denemelerin kurulugu makalede eksiksiz
verilmistir. Yazilimin kaynak kodu ve i¢ tasarimi lisans durumu geregi paylasgilmamaktadir; bu, bildirilen davranig
iddialarinin bagka araglarla ve agik kiilliyatlar Gizerinde sinanmasini engellemez.
Etik kurul onay1. Calisma insan ya da hayvan katlimcr igermediginden etik kurul onay1 gerektirmemektedir.

Finansman. Calisma herhangi bir dis finansman almamugtir.
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Bilgilendirme
MakamKit’in ortaya ¢tkmasinda Dr. Hasan Said Tortop’un fikri katkis: etkili olmugtur. Bu degerli katkisindan dolay1
kendisine tesekkiirlerimi sunarim. Dr. Seyhan Canyakan tarafindan gelistirilen yazilim, Geng Bilge Yaymncilik
biinyesindeki akademik dergilerde miinhasir kullanim ve yayin izniyle tahsis edilmistir ve yaymevinin yazilt onay:

olmadan bagka kisi veya kurumlarca bilimsel aragtirma, analiz ve akademik yayin amaciyla kullanilamaz.
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This article introduces MakamKit, an analysis engine developed for Turkish makam music, reports
its measured performance, and discusses a transmission problem that surfaced during those
measurements. The engine’s most fundamental property is that it carries the pitch world of makam
music without distortion: reconstruction of comma information from digital scores was audited
over 511 pieces and 129,151 notes and found virtually complete, with an error rate of two per
thousand — the music is not rounded to twelve-tone equal temperament as it passes through the
system. On this foundation, the engine identifies the makam of more than three quarters of pieces
at first candidate on a 180-piece set it had never seen, rising to nearly nine in ten when restricted to
the makam names it knows. Usul and form recognition are here measured numerically for the first
time: across 2,586 pieces in seventeen usuls the correct usul appears among the top three candidates
in about 93% of cases, and across 1,820 pieces in seven forms the correct form is identified at first
candidate in about 87%. Makam recognition from audio is reliable in solo taksim, where the seyir is
most exposed, and predictably more fragile in ensemble performances woven with modulations. In
printed-score recognition, the engine computes which pitch a written sign corresponds to within a
one-comma margin in nine notes out of ten, while it cannot reliably name the makam of that page
— and rather than concealing this, it refuses to emit a clean score until expert verification is complete.
This is the engine’s design principle: it stays silent when it does not know, ranks candidates when
unsure, and declines entirely when the source is inadequate. That discipline yielded an unexpected
finding: two digital copies of the same piece disagree about its final (karar) pitch in more than one
case out of four. This is a problem of the corpus rather than of the engine, and it had not previously
been measured at this scale; it shows that the digital copy is itself a link in the chain running from
mesk to notation to print. The contribution is twofold: to introduce a research tool whose measured
performance and source-trust architecture are documented openly, and to bring the transmission
finding it enabled onto the field’s agenda. The software’s internal design is outside the article’s scope
owing to its licence status.
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Introduction

The computational study of Turkish makam music has established its own tradition over the past two decades.

Bozkurt’s (2008) method for extracting pitch from recordings and Gedik and Bozkurt’s (2010) pitch-histogram

approach laid the measurement foundations of the field; the study by Bozkurt, Yarman, Karaosmanoglu and Akkog

(2009) showed that the scales given in theory books do not coincide at every point with the pitches actually used in

performance. The SymbTr score corpus compiled by Karaosmanoglu (2012) and the research corpus of Uyar, Atls,

Sentiirk, Bozkurt and Serra (2014) made it possible to repeat such investigations over thousands of pieces. Sentiirk,

Holzapfel and Serra (2014) addressed the alignment of scores with recordings, Holzapfel (2014) the relation between
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surface rthythm and #su/, Unal, Bozkurt and Karaosmanoglu (2014) makam recognition from scores, and Bozkurt,
Karaosmanoglu, Karagalt and Unal (2014) melodic segmentation guided by #s#/ and makam knowledge. The review
by Bozkurt, Ayangil and Holzapfel (2014) drew this body of work together.

One thing was missing from this accumulation: a tool that reaches the researcher’s hands, works end to end, and
openly documents what it does and how accurately it does it. Most published methods focus on a single problem;
taking a piece from a score file, measuring its pitches, proposing its makam, estimating its #sx/ and form, comparing it
with a recording, and keeping all of this within a single record of provenance requires assembling parts that have been
solved separately. MakamKit was developed for this gap.

What was decisive in building the tool is the transmission history of Turkish music itself. As Behar (1998) has
described in detail, the principal channel of transmission in Ottoman/Turkish music was for centuries not written
notation but megk: the piece passed from body to body between master and apprentice, through repeated performance.
The entry of Western notation into this tradition was, as Ayangil (2008) traces, late, contested, and never complete.
Notation has been able to commit to paper only a part of what megk carried. Signell’s (1977) description of seyi7,
Popescu-Judetz’s (1996) history of terminology, and Wright’s (1992) studies of early sources each show, from a
different direction, that every link in this chain involves an interpretive decision. The pitch system is no exception: the
Arel-Ezgi-Uzdilek framework that is today the common language of digital corpora (Arel, 1968) is an order theorised
in the twentieth century, and the measurements of Bozkurt et al. (2009) have shown that it does not coincide with
performance at every point.

This history sets two obligations before any tool. The first s to carry the pitch world of makam without distortion:
if a piece loses its commas as it passes through the engine and is rounded to the Western twelve-tone system, the result
is no longer about that piece. The second is to know what it does not know: information that notation cannot carry
cannot be recovered by computation, and a tool that does not admit this misleads the researcher. MakamKit’s design
rests on these two obligations.

In measuring the tool, the warnings of the music information retrieval literature have been taken as the baseline.
Sturm (2013, 2014) has long reminded us that a program achieving high accuracy has not thereby been shown to have
learned anything musical; it may have latched onto incidental regularities in the data. Kapoor and Narayanan (2023)
have shown that a substantial share of reported machine performance figures is inflated by a flaw akin to having the
exam questions on one’s study sheet. Panteli, Benetos and Dixon (2018) repeat the same warning for world-music
corpora. For this reason, every figure below was measured either on pieces the engine had never seen or in tests
constructed with piece-level integrity preserved; and which test each figure comes from is stated explicitly.

What MakamKit is, and how much of it this article describes

MakamKit performs five tasks: extracting pitch, duration and section information from a score file; extracting the
pitch trace from an audio recording and proposing a karar pitch and makam candidates; examining #sx/ and aksak
structure; analysing lyrics; and producing similarity, clustering, network and atlas outputs across pieces. Alongside
these are a recognition pipeline that turns a printed or scanned score into a review package open to expert inspection,
and a score editor that yields no clean output until the expert has approved every decision. Because the editor can play
back with comma accuracy, the engine’s proposal can also be checked by ear.

This article describes what the engine does and how accurately it does it. The internal design of the program — which
features it draws on, which model family it uses, how it derives its thresholds, how its files are organised — is zor
described, owing to the software’s licence status. By contrast, the construction of every experiment is given in full,
because without that information the results cannot be read.

Research Problem

The article addresses the engine’s capabilities through seven questions:
> Is the pitch world of makam preserved without distortion as it passes through the engine?

» How accurately does the engine recognise a piece’s makam from the score?
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» Canit recognise the #su/ from the surface of the score; and is recognising the cycle the same as recognising the
weight of that cycle?
Can it recognise a piece’s form; and is it cautious enough to say so when it cannot?

In recognising makam from an audio recording, in which mode of performance is it reliable?

YV V V

In reading a printed score, which of its outputs can be used and which cannot?

» While measuring all of this, what did we learn about the corpus itself?

Common Ground

Data. All score-based experiments were carried out on the SymbTr corpus (Karaosmanoglu, 2012) and local working
copies derived from it. The audio experiments rest on solo zaksim recordings and on ensemble performances compiled
around the CompMusic/OTMM effort (Uyar et al., 2014). The printed-score experiments used a fixed list pairing
score images of pieces with their digital counterparts. Use of the corpus is for non-commercial research purposes, and
attribution is required.

A caution about the sample. These corpora are nota random cross-section of the repertoire. The pieces in them have
survived to the present, been kept alive in the mesk chain, been written down, printed, digitised and attributed to a
composer; every stage is a selection (Behar, 1998; Ayangil, 2008). None of the results below is a judgement about the
repertoire as a whole.

Measuring versus estimating. The results the engine produces are of two different kinds, and this distinction is built
into the tool’s design.

The firstis measurement: the frequency of a pitch, the interval between two pitches, the comma deviation of a tone,
the duration of a note in the score, the final note of a piece. These are computed, not guessed; they return the same
answer for the same file every time. A ruler does not have an accuracy rate.

The second is judgement: the makam name, the s/ name, the form name, what a sign on a scanned page is, where
the karar pitch lies in a recording. These are estimates and carry a margin of error.

The engine’s contract rests on this distinction: it delivers the measurement; it delivers the judgement together with
its candidates and its margin; and it does not conflate the two. Every answer falls into one of four states — certain,
suggestion (ranked candidates), abstention (“I do not know”), refusal (no answer at all). Silently returning a wrong
answer is not a defined state in this scheme.

Which examination a figure comes from. The success rate of a judgement is recorded in three separate ways, and
these are never used interchangeably: from the path the engine actually gives the user, over pieces of every kind; from
the same path, restricted to pieces whose label lies among the names the engine knows; and the mark the model receives
in its own internal examination. The third is a real figure, but it does not measure what the user receives, and is therefore

kept separate.

Section 1. Is the pitch world of makam carried without distortion?

The question

The firstand most basic obstacle in transferring makam music to a computer is pitch. Most common notation software
operates on the Western twelve-tone system; it does not distinguish a bakzye from a ksigiik miicennep, and rounds the
piece to the nearest semitone. Once such rounding occurs, every analysis performed afterwards is about a different

piece. The first test of a makam tool is therefore whether it preserves the comma.

Experiment and finding

Comma information is not always written directly in a digital score; it must be reconstructed from a numerical field.
The agreement of this reconstruction with the true value was audited note by note over 511 pieces and 129,151 notes
and found virtually complete, with an error rate of two per thousand. The piece therefore does not lose its pitch identity
as it passes through the engine. Even so, the engine records that this is a reconstruction rather than a reading; the

distinction is preserved.
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A second measure of robustness is the openability of the corpus. All three thousand files in SymbTr’s XML corpus
were opened one by one, and about ninety-eight per cent (98%) opened without problem. All sixty-seven files that failed
are truncated or corrupt at source; the engine produces no result for them and does not silently emit an incomplete
output.

Taken together, these two measurements show that the engine offers a foundation that can be built upon: the piece
enters undistorted, and a corrupt file does not pass through unnoticed. Every subsequent section stands on this

foundation.

Section 2. Makam recognition from the score

The question
In makam music, the identity of a piece depends largely on where it comes to rest. The karar pitch is the point reached

at the end of the seyi7, and it is the strongest clue for identifying the makam. Notation carries this information openly:
the final note of the piece can usually be read directly. Unal, Bozkurt and Karaosmanoglu (2014) showed that makam

recognition from scores can be established. The question here is how accurately MakamKit does this.

Experiment
A fixed test set of 180 pieces the engine had never seen before was used (experiment date: 19 June 2026). The model is

a fixed model that knows forty makam names and was not altered during the experiment.

Finding

Table 1. Makam recognition on 180 pieces the engine had never seen
Set of pieces n First candidate correct Correct within first three
All 180 77.8% 86.1%
Makam names known to the engine | 161 87.0% 96.3%

Among pieces whose label lies within the makam names the engine knows, it identifies about nine out of ten
correctly at its first candidate; looking at its first three candidates, the correct makam is on the list in twenty-four out
of twenty-five pieces. This is a strong level among results reported for makam music, and it also shows the correct mode
of use: the engine produces three candidates, and the expert chooses among them.

Makams the engine does not know are a separate matter. The model knows forty makams; in a randomly drawn
SymbTr sample, about one fifth of the pieces fall outside these forty, and for them a correct answer is impossible by
construction. The engine does not hide this: with every answer it reports how many makams it knows and which ones,
so that the researcher can see, before using a result, whether the makam being sought is on the list. Extending this
coverage is an openly stated development goal for the tool.

‘What this means

The main message of this section lies as much in how the figure is presented as in the figure itself. The engine does not
impose a single name; it answers with three candidates, the list of makams it knows, and the success rate measured
against that list. Sturm’s (2013) warning — that a figure says nothing about the user unless the examination it came
from is stated — has here been turned into a design principle. The mark the model receives in its own internal
examination is higher than what the user receives; these two figures are kept in separate records, and the internal mark
is never displayed as if it were the user’s success rate.

Section 3. Usul: a new capability and an unexpected limit

The question
Usul in Turkish music is not the name of the thythm but its order. To recognise an #su/ is not to know how many

beats it has; it is to know where the dém and the zek fall, which stroke is heavy and which is light. Holzapfel (2014)
treated in measurable terms the distance between the rhythm on the surface of the score and the us#/ itself, and Bozkurt
etal. (2014) showed that knowledge of usx/ guides melodic segmentation. The question is this: how far can the name
of an usul be derived from the durational writing of the score?

This question matters for MakamKit in a further respect, because us#/ recognition from scores was established and

measured in the engine for the first time with this study; previously the engine produced no #s#/ name for a score file.
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Experiment
From the SymbTTr text corpus, #su/s with at least thirty pieces were taken: 2,586 usable pieces across seventeen usuls.

414 files with a corrupt usul field were excluded. The pieces were divided whole into five sets, one set being reserved as
the examination each time (experiment date: 20 June 2026).

One point deserves emphasis: only about one per cent of the files in the corpus carry a written time signature. The
engine therefore cannot read the #s#/ from the time signature; it must derive it from the texture of durations and
strokes. This is a condition that makes the task harder, not easier.

Finding

The engine identifies the #su/ correctly at its first candidate in about seventy per cent of pieces, and the correct usul
appears among its first three candidates in about ninety-three per cent (93%) of pieces. Obtained without a time
signature, from the durational texture alone, this result shows that the tool can produce a usable #sx/ proposal.

Looking #sul by usul, cycles such as aksak, aksak semdi and semdi are captured at a high rate. By contrast, the rate

drops markedly for usuls such as kapali curcuna, nim sofyan and evfer.

Table 2. Capture rate by usul (selected)

Usul Rate Usul Rate
aksak 0.90 dityek 0.70
aksak semii 0.87 miisemmen 0.67
semat 0.86 sofyan 0.55
devrihindi 0.80 evfer 0.39
agir aksak 0.78 nim sofyan 0.29
curcuna 0.74 kapal1 curcuna 0.21

To find the reason for this drop, a second experiment was run: the same predictions were re-scored, this time at the

level of usul families — ag1r aksak counted as aksak, kapali curcuna as curcuna, and yiirick semdi 11 as yiriik semds.

Table 3. The same predictions evaluated at the level of usz/ families

Family Rate | Rate of the sub-variant itself
curcuna 0.89 | kapali curcuna: 0.21

aksak 0.92 agir aksak: 0.78

yuritk semai | 0.67 | yiriksem4iIl: 0.51

What this means
Placed side by side, the two tables reveal a clear pattern: the engine recognises the cycle correctly, but not the qualifier

of the cycle. Kapali curcuna is identified under its own name in only one piece out of five, whereas the same
predictions, counted at the level of the curcuna family, are correct in nine pieces out of ten. The engine is in fact saying
“curcuna”; where it errs is in which curcuna.

This is not a defect of the tool but a limit of notation — and the finding is itself an ethnomusicological result.
Qualifiers such as agzr, kapal: and yirik live not in the durational writing of the score but in the d#m-~tek hierarchy
of weight, in tempo, and in performance manner. That an usu/ is “agz7” is not merely a matter of durations being
written long; it is a different distribution of the weight the strokes carry. Paper does not record this weight; mesk does.
The master teaches the apprentice not how many beats the cycle has but how it is to be struck. Holzapfel’s (2014)
conceptual distinction is here quantified as the difference between two tables.

In practice this also indicates how the tool should be used: since the engine’s first three candidates contain the
correct usul at a very high rate, the correct use is not to impose a single name but to place three candidates before the
expert. This is already how the engine behaves.

Statement of scope
This experiment is the engine’s own internal examination; it is not a measurement taken along the path the user

follows. At the time of the experiment this capability had not yet been released to users; the figures should be read as
ceiling values. The #su/ labels come from the corpus’s own file names, and corrupt fields are rejected rather than

guessed.
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Section 4. Form recognition and caution
The question
Names such as garkz, tiirkii, pesrev and saz semdisi describe both a piece’s structure and its place in the repertoire.

Stokes’s (1992) discussion, showing that genre boundaries are as much social as musical, reminds us that these
categories are not innocent. The question has two layers: can the engine recognise form, and is it cautious enough to
say so when it cannot?

As with usul, form recognition was measured in the engine for the first time with this study.
Experiment and finding
From a SymbTr-based working corpus, seven forms with at least fifty pieces were taken: 1,820 pieces. The pieces were
divided whole into five sets (experiment date: 21 June 2026).

The engine identifies the form correctly atits first candidate in about eighty-seven per cent (87%) of pieces, and the

correct form appears amonyg its first three candidates in nearly every piece.

Table 4. Precision and capture rate by form

Form Pieces Correct when it gives this name Capture of pieces in this form
sarki 994 0.87 0.92
turki 285 0.74 0.61
seyir 169 0.97 0.97
kupe 120 0.94 0.98
pesrev 93 0.87 0.82
saz semdlsi 86 0.93 0.95
aranagme 73 0.92 0.78

That classical instrumental forms such as pesrev and saz semdisi are recognised at a high rate indicates the tool’s
usability in repertoire studies. Where the engine errs most is ##rkz, and the error runs largely towards sarkz; this is
unsurprising, since the boundary between sark: and tirks is not always a visible boundary on the surface of the score.
The engine’s level of caution was also measured. The threshold required for it to say “certain” is calibrated to a target
precision of ninety-five per cent; at that threshold the engine speaks with certainty about three quarters of the pieces,

presents the rest as a ranked candidate list, and in the most uncertain cases does not speak at all.

Table 5. When the engine says “certain”

Value
Target precision 0.95
Precision achieved at the threshold 0.95
Share of pieces declared “certain” at the threshold 0.73

What this means
Table 5 puts the tool’s most distinctive property into figures: the engine does not promise high accuracy and broad

coverage at the same time; it makes the bargain between them openly and reports the outcome. For a researcher this is
more useful than a single high rate, because it tells them on which pieces to trust the engine and on which to decide for
themselves.

A caution must also be added. The three categories on which the engine performs best — seyzr, kupe, aranagme —
are the corpus’s own editorial units, and whether they count as “forms” in the traditional sense is debatable. This
requires keeping in mind the possibility that the machine has learned the corpus’s editorial habits rather than musical
form; this is the situation Sturm (2014) describes with his well-known “horse” analogy. Dispelling the suspicion
requires documenting how corpora construct their own categories (Gebru et al., 2021; Bender & Friedman, 2018).

Section 5. Makam from audio recordings
The question
The mode of performance that displays a makam most openly is the zaksim: there is no usul, no text, and the performer

builds the makam’s seyz7 freely; whether the makam is ascending or descending, where its resting degrees lie, and how

the descent to the karar is made are heard here at their most exposed. A fas:/ performance or an ensemble recording,
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by contrast, is a far denser texture with its modulations and its collective manner. The question is in which mode of

performance the engine is reliable.

Experiment and finding

Table 6. Makam recognition from audio recordings

Source Sample Makams to be recognised First candidate correct Correct within first three
Solo taksim 280 excerpts 6 75.5% 94.5%
Solo taksim (joint decision) | 277 excerpts 6 75.0% 95.0%
Ensemble performance 1,000 recordings | 20 59.8% 85.1%

The six makams in the narrow scope are: bicaz, nibavend, rast, saba, segdh, ussak. The engine’s path based on the
joint decision of several methods is able to say “certain” in about forty per cent of recordings, and in those cases it is
correct in nine recordings out of ten — that is, the engine does not speak on every recording, and when it does speak it
is largely right.

In the broad twenty-makam scope, the correct makam appears among the first three candidates in over eighty-five
per cent of cases; on a sample of a thousand recordings this shows that the tool can be used for preliminary filtering in
archive surveys of broad repertoire.

‘What this means

The figures in the table are not comparable with one another: finding the right answer among six makams is not as
hard as finding it among twenty. Read musically, the table says this: the engine is most reliable where the makam’s seyzr
is most visible. This accords with Signell’s (1977) description of the central place of seyz7 in makam identity — the
more openly the seyz7 is heard, the more easily the makam is recognised, for human and machine alike.

One limit should be stated: on the audio side, a fixed test set of pieces the engine has never seen has not yet been
established; the figures above are internal-experiment values. Carrying the discipline applied on the score side over to
the audio side is an openly stated development goal for the tool.

Section 6. Printed scores: where it can measure and where it cannot read

The question
A large part of the sources of Turkish music consists of printed or manuscript scores. Transferring them to a computer

raises the problem of automatically recognising the signs on the page; this is not considered solved even for Western
music (Rebelo et al., 2012; Calvo-Zaragoza, Haji¢ & Pacha, 2020). It is harder in Turkish music, because what must
be recognised is not only the position of the note but the accidentals that indicate the comma.
Experiment and finding
A fixed list of 150 score images the engine had never seen, paired with their digital counterparts, was used; 147 could
be measured (experiment date: 19 July 2026). None of the pieces on this list is present in the system’s pool of visual
examples.

The result has two poles. The engine computes which pitch a sign it sees on the page corresponds to, within a one-
comma margin, in nine notes out of ten. By contrast, it cannot reliably name the makam of the piece on that page. Note-
by-note inspection shows where the errors gather: the octave is never mistaken, the note name almost never misread;

the bulk of the losses come from notes that are never detected, and the remainder from misreading the comma.

Table 7. Recognition from printed scores (147 pieces)

Rate
Pitch correct within a one-comma margin 88.8%
Karar pitch correct 30.6%
Makam correct within first three candidates 14.3%
Makam correct at first candidate 3.4%

What this means
These two poles are not results of the same kind and cannot be collapsed into a single “recognition accuracy” figure.

The engine measures where it is able to measure, and does not claim to have read where it cannot read. This is where the

tool’s design principle is most clearly visible: no result coming from a scan counts directly as a clean score; every sign
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remains “unreviewed” until the expert approves it; a clean output is issued only when every sign has been approved,
and in the case of incomplete review the system refuses the operation rather than silently producing an incomplete
result. This is the trust-side counterpart of Calvo-Zaragoza et al.’s (2020) call to separate recognition from encoding.
The practical consequence for the researcher is clear and positive: scan output cannot be used as a source for makam,
but — on condition of note-by-note verification — it can be used as a source for comma measurement. For a study
seeking to measure the pitch content of manuscripts and old printed scores, this is an already usable capability.
Section 7. What surfaced during measurement: a problem of the corpus itself

Finding

While the experiments of Section 2 were being carried out, an unexpected situation was noticed. Many pieces in the
SymbTr corpus exist in two separate digital copies: the corpus’s own text file and MusicXML, the common score-
interchange format. The same fixed model gives different results when reading the same pieces from these two copies.

When the cause was sought, the source was found: zhe two copies disagree about a piece’s karar pitch in more than one
prece out of four.

Table 8. Agreement between the two copies (80-piece sample, same model)

Quantity compared n agreeing rate
Karar(final) pitch 76 55 72.4%
First candidate (makam name) 76 45 59.2%

In some pieces the difference is a fifth, in others a full octave. The consequence is reflected directly in makam
recognition: the makam identified correctly in more than three quarters of pieces when read from the text copy drops
to half when read from the MusicXML copy.

‘What this means

This finding is not a defect of MakamKit; the engine processed both copies in the same way, with the same model. The
finding belongs to the corpus itself, and it has not been measured at this scale in the known literature. It came to light
because the tool measures and records the ka7ar pitch independently and can compare two sources — that is, here the
tool produced knowledge not about itself but about the field it studies.

Its ethnomusicological meaning is this. The mesk chain Behar (1998) describes does not end when the piece is
written down; the links running from notation to printed edition, and from edition to digital file, are themselves links
of transmission, and each produces its own loss. The problems of fit that Ayangil (2008) identified in the entry of
Western notation into Turkish music persist today at the level of file formats. For a piece’s karar pitch to be read as
rast in one copy and gerdaniye in another means that whoever reads it hears it in an entirely different pitch region.

From this follows a concrete recommendation for the field: in a study it is not enough to say “this piece taken from
SymbTr”; which copy it was taken from must be stated. This is not bibliographic fastidiousness but methodological
necessity. MakamKit therefore carries, with every answer, the type of the source and its trust level; where two copies

exist for the same piece, it also reports which one was preferred.

Conclusion and Discussion
MakamKit is a research tool that provides three things together for Turkish makam music: carrying the pitch world of

makam without distortion, running the analysis layers end to end, and reporting how reliable each result is together
with the result itself.

The measurements bear this out. Comma information is preserved with an error rate of two per thousand over 511
pieces and 129,151 notes; on pieces it had never seen, the engine identifies the makam — among the names it knows
— at its first candidate in nearly nine pieces out of ten, and lists the correct makam among its first three candidates in
almost every piece. Usul and form recognition were measured for the first time in this study, yielding, at the level of
the first three candidates, ninety-three per cent and near-complete accuracy respectively. On the audio side the engine
is reliable in solo taksim, where the seyir is heard most openly, and usable for preliminary filtering in archives of broad

repertoire. In printed scores, pitch measurement is usable today.
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The tool’s second contribution lies in its design. The engine does not fabricate: it stays silent when it does not know,
ranks candidates when unsure, gives no answer when the source is inadequate, and issues no clean score until expert
verification is complete. Every answer carries the source it came from, how many categories the engine knows, and the
measured success rate of that path. The warnings of Sturm (2013, 2014) and of Kapoor and Narayanan (2023) live
here not as warnings but as rules of behaviour. This is a concrete attempt to adapt the calls for open and reproducible
science (Wilkinson et al., 2016; Munafd et al., 2017; Nosek et al., 2018) to the tools of makam music.

The third contribution consists of two findings the tool made possible; both are about the field rather than about the
engine.

The first concerns #sul. The engine recognises the cycle correctly but cannot recognise qualifiers such as agzr,
kapals and ysiriik — and the reason is clear: these qualifiers live not in the durational writing of the score but in the
diim~tek hierarchy of weight and in performance manner. Paper does not record this weight; mesk does. Holzapfel’s
(2014) conceptual distinction is quantified here as the difference between two tables. The ethnomusicological
meaning of the finding is this: what megk carried but paper did not cannot be recovered by computation either; to
know the weight of an #su/, one must learn it from someone who has struck it. This describes not the impotence of
computational method but a division of labour.

The second concerns the corpus. Two digital copies of the same piece disagree about the karar pitch in more than
one piece out of four. This is a finding not measured at this scale in the known literature, and it shows that what we
call a “dataset” is not a stable ground. The design problems Panteli et al. (2018) identify for world-music corpora reach,
in Turkish music, down to the level of a piece’s identity. The recommendation that follows is concrete: which digital
copy was used is no longer a bibliographic detail but a piece of methodological information.

The engine’s place in ethnomusicology follows clearly from this picture: MakamKit is @ measurer, not an
interpreter. It does not decide a piece’s makam; it produces the measurements required for that decision, ranks its
candidates, says when it does not know, and stays silent when it should. The decision is made by the researcher who
knows the source’s history, the mesk lineage, and the performance tradition. This division of labour is not a
shortcoming but the definition of a tool that knows its limits. In the megk tradition, too, knowledge was not accepted
without knowing from whom it had been received; MakamKit’s source-trust order is the digital counterpart of that

old question.

Limitations and Development Goals
Source of the figures and competing interest. All reported figures are taken from the measurement records of the

engine developed by the author; none has been re-run by an independent third party. The construction of the
experiments is given in full, but independent verification has not been performed.

Date. The figures belong to experiments run between 19 and 21 June 2026; the tool continues to develop.

Limit of transmission. The data are not original historical sources but the last link in a chain running from megk to
notation, from notation to print, and from print to digital file. The Arel-Ezgi-Uzdilek framework on which the pitch
measurements rest is an order theorised in the twentieth century (Arel, 1968); applying it retrospectively to the early
repertoire carries a risk of anachronism (Bozkurt et al., 2009).

Coverage. The score-side makam model knows forty makams, the narrow audio path six makams, the broad audio
path twenty makams, the #s%/ model seventeen wsuls, and the form model seven forms. No claim holds for any category
outside these scopes. Extending coverage is an openly stated development goal.

Independence of the test set. The test list of Section 2 lies within the pool that a future retraining would use. The
figures of today’s fixed model are valid; but if the model is retrained, the list loses its status as “unseen”. This is a gap
that is planned to be closed.

No fixed test set on the audio side. The figures of Section 5 are internal-experiment values; the discipline applied

on the score side needs to be carried over to the audio side.
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Release to users. The usul capability (Section 3) and the form capability (Section 4) had not passed through the path
the user follows at the time of the experiments; the figures should be read as ceiling values.

Nature of the labels. The #sx«/ and form names come from the corpus’s own file names; although they originate from
expert hands, they have not been independently re-verified. The form field also conflates traditional forms with corpus-
internal excerpt labels.

No expert trial. A pre-planned expert trial testing how far the engine’s results agree with expert judgement has not
yet been run. The experiments measure the machine’s consistency, not its musical correctness; this is the tool’s next
step.
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