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BIiLGISAYAR ORTA_MIN[?A_QOK SESLI MUzIK
URETIMI
(OZET)

Bu bitirme projesinin amaci 0zellikle senfonik bat1 miiziginde sik¢a kullanilan “miizikal
armoni” teknigine bilgisayar ortaminda bir ¢6ziim iretmektir. Armoni, Yunanca
“harmonia”dan gelir ve kelime anlami olarak “uyum” demektir.[1] Miizikal armoni ise, ses
kiimelerinin yani akorlarin, bir diizen ve uyum igerisinde kaynasmasiyla olusan cok
sesliliktir. Miizikte ¢ok seslilik, temel olarak ii¢ ses icermekle birlikte, klasik armonide bu,
inceden kalma dogru “soprano”, “tenor”, “alto” ve “bas” olmak lizere dort ses halinde
kullanilmaktadir. Soprano, en baskin olan ses olup ¢ogunlukla ezgiyi olusturur. Soprano,
yaylilar ailesinde keman enstriimanina denk gelirken, sopranoyla birlikte ¢alindiginda ¢ok
seslilik hissini veren alto viyolaya, tenor viyolonsele, bas ise kontrbasa karsilik
gelmektedir. Insan seslerinde ise soprano ince bayan sesi, alto kalin bayan sesi, tenor ince
erkek sesi, bas ise kalin erkek sesine denk gelmektedir. Kimi zaman diger partilere gore
armonileme yapilsa da, armonileme isleminin baslangic noktast ¢ogunlukla soprano
partisidir. Verilen soprano partisine gore ilk 6nce “tonik”, “subdominant” ve “dominant”
akorlar saptanir ve armoni kurallarmma gore diger li¢ parti tamamlanir. Boylece sadece
sopranodan olusan tek sesli miizikten, ¢ok sesli miizige gecilmis olunur.

Bu calismada, ilk karsilagilan problem notalarin bilgisayara nasil aktarilacagi olmustur.
Bunun i¢in Microsoft Visual Studio 2005°te yer alan “panel” siifindan kalitim ile bir
“porte” sinifi olusturulmustur. Bir “combo box” elemanindan parcanin 6l¢iisii alinmas,
ardindan kullanicinin gerekli uzunlukta notay1 bir “radio box” grubundan se¢ip portenin
tizerine tiklayarak notalar1 yerlestirmesi saglanmigtir. Uzunluklar “radio box”tan, degerleri
ise porte lizerine tiklayan fare pozisyonundan alinan notalar, “nota” tipinden elemanlari
tutan “sopranoList” isimli bir baglantili listede tutulmustur. Yazilan par¢anin hangi diziye
gore yazildigi, yine bir “combo box”’tan alinmis ve bu dizi ve alinan notalara gore “tonik”,
“dominant” ve “subdominant” gecisleri belirlenmistir. Daha sonra bu gegisler ve soprano
partisi kullanilarak projede ger¢eklenen armonileme kurallarina gore diger partiler
tamamlanarak akorlar olusturulmustur. Soprano partisi sabit disk {izerinde saklanabilmekte
ve gerektiginde programa yeniden yiiklenebilmektedir. Armonilenmis parca ise, yine porte
tizerinden gorsel ve MIDI arayiizii kullanilarak sesli bir bi¢imde kullaniciya
aktarilabilmektedir.



COMPUTER AIDED POLYPHONIC MUSIC
PRODUCTION

( SUMMARY )

The aim of this graduation project is to produce a software which produces a harmonied
polyphonic (which includes more than one sound) music work from a monophonic (which
includes one sound) music work.

The origin of the word “harmony” is the Greek word “harmonia”. In music literature, it is
used for an art technique which produces a polyphonic work which includes sound groups
which are combined in a certain order and harmony.

Basically, polyphonic music includes three sounds. In practice, it is used as four sounds as
“soprano”, “alto”, “tenor” and “bass”. In music literature, each of these sounds is called a
“party”. So we can say that a polyphonic music work consists of four parties. For human
voices, soprano means high-pitched female voice, alto means low-pitched female voice,
tenor means high-pitched male voice and bass means low pitched male voice. For string
instruments, we can say that violin is soprano, viola is alto, cello is tenor and contrabass is
bass. Generally, soprano is the dominant sound and it forms the melody. Even if

sometimes harmony is based on other parties, it is generally based on the soprano party.

In music theory, a chord is any collection of notes or pitches which are played
simultaneously. As we indicated before, even if three sounds is enough to form a chord, in
classical music, four sounds which two of them are different octaves of the same sounds
are used. These chords are called “three sound chords” or “triads”. Basically, starting from
a sound three sound chords can be obtained by collecting three sounds by jumping one
sound each. The starting sound is called “the root sound” and chords are called with the
name of root sounds. For example a chord which includes “C, E and G” is called “C
Major”.

Chords can be members of many groups. One of these groups is grouping the chords in a
theoretical approach. In theoretical approach, chords can be divided into three groups:

1- Tonic
2- Dominant
3- Subdominant

The tonic is the first note of a musical scale and in tonal method of musical composition, it
is extremely important. The triad formed on the tonic note, the tonic chord, is thus the most
important chord. More generally, the tonic is the pitch upon which all other pitches of a
piece are hierarchically centered. The tonic triad includes the first, third and fifth degrees
of the diatonic scale.[2]

The dominant is the fifth degree of the scale. In music theory, the dominant chord has the
role of creating instability and it requires the tonic for release. The dominant includes the
fifth, seventh and second degrees of the diatonic scale.[3]



The subdominant is the fourth tonal degree of the diatonic scale. It is so called because it is
the same distance below the tonic and the dominant is above the tonic. In other words, the
tonic is the dominant of the subdominant. The subdominant diatonic function acts as a
dominant preparation and in later theories, it is considered to balance the dominant around
the tonic. The subdominant triad includes the forth, sixth and first degrees of the diatonic
scale.[3]

It is possible to hear all sounds of the diatonic scale by using these triads. Because of this,
tonic, subdominant and dominant are called the “primary chords” of harmony.

Chords are based on physical facts. The harmony, which the elements of a chord, is caused
of the physical specialties of these sounds. When a sound is resonated, we can hear other
sounds within the main sound. These sounds are called “harmonics”. Harmonics are the
base of musical harmony.

The main equipments of musical harmony are chords. Polyphonic works are formed by
chords which are placed one after another. In order to connect the chords, firstly the tonal
degree (T, S or D) is found. After this, starting from the first note of the soprano, the alto,
tenor and bass parties are filled. While filling these parties, it is important to preserve the
consecutive notes which have the same value.

In design and implementation process, Microsoft Visual Studio 2005 development tool and
C# programming language has been used.

In this process, the first problem faced was how the notes would be transferred to
computer. To solved this problem, a “porte” (stave) class has been implemented by
inheritance from the “panel” class which is in the “System.Windows.Forms” module of
Visual Studio. Using the “Pen” class, the lines of the stave has been drawn, and the treble
clef and the bass clef have also been drawn. The measure of the work is taken from a
combo box. The scale is also taken from a combo box. The notes are entered by clicking
on the stave and via the Y attribute of the “MaousePosition” class. The lengths of the notes
are taken from a group of “radio boxes”. The notes are hold in objects of “Nota” class. A
linked list named “‘sopranoList” contains the notes which user enters into system. After
this, the user clicks the “armonile” button and the harmony process begins.

After clicking the “armonile” button the “siralamaBul” function which is a method of
“armoni” class finds the degrees of the notes in the soprano list as “tonic”, “dominant” and
“subdominant”. In order to do this, the method scans the entire list and finds the degrees
according to these rules:

1- Tonic includes the first, third and fifth degree
2- Dominant includes the fifth, seventh and second degree
3- Subdominant includes the forth, sixth and first degree

After finding the degrees, the “armonile” function which is a method of “armoni” class
produces the alto, tenor and the bass parties. Like soprano, these are kept in linked lists of
notes as “altoList”, “tenorList” and “basList”. While producing these parties, the program
complies the theoretical harmony rules indicated before.



Finally, the program transfers the results to the user visually by using the stave interface
and aurally by the MIDI interface.
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Armoni, Yunanca “harmonia”’dan gelen ve kelime anlami olarak “uyum” demek olan,
miizikteki tek sesli ezgilerden ¢ok sesli miizik iiretmekte kullanilan teknigin adidir.

Armoni biliminde, ayni notayi calan enstriiman veya enstriimanlar yerine her biri
birbirinden farkli ama birbiriyle uyum igerisindeki notalar1 c¢alan degisik enstriimanlar
kullanmak esas amagtir.

Gilintimiizde “geleneksel armoni” (veya klasik armoni) olarak tanimlanan bu teknik,
ozellikle klasik cag (1750 — 1820) ve romantik ¢agda (1810 — 1900) egemen olmakla
birlikte, armoni tekniginin ilk orneklerine barok ¢aginin baslangici sayilan 1600 yillarinda
rastlanmaktadir.

Miizik tarihinde ilk ¢ok seslilendirme ¢alismalar1 Ronesans (1450 — 1600) ve barok (1600
— 1750) caglarinda egemen olan “kontrapunt’tur. Bu teknikte partilerin yalnizca ayni anda
calan notalarina gore ¢ok seslilendirme yapilan “yatay cokseslilik” kullanilmistir. Buna
karsit olarak ¢ok sesliligi, ayn1 anda ¢alinan notalarin yaninda bir 6nceki ¢alinan notalar ile
de iliskilendiren “dikey ¢ok seslilik” yontemini kullanan armoni, biitiin barok ¢agi boyunca
kontrapunt ile yan yana kullanilmis, bununla birlikte armoninin teknik yani ile ilgili ilk
bilgiler G.A. Sorge’nin “Armonik Ozet ya da Armoni Bilgisi” (Compendium harmonicum
oder... Lehre von de Harmonie, 1760) isimli kitabinda verilmistir. [1]

1722°de Rameau’nun yazdiklariyla baslayan ilk kuramsal agiklamalar, daha sonra J.P.
Kirnberger, H.C. Kock, G. Weber, F.J. Fétis, G.J. Vogler, E.F. Richter, H. Riemann, H.
Grabner, W. Maler gibi ¢ok sayida kuramcinin ¢aligmalariyla gelistirilmis ve gliniimiizdeki
armoni kuramlarina ulagmistir. Bununla birlikte, pek ¢ok yerde bazen de celigkilerle dolu
farkliliklar gozlenmistir. [1]

Yapilan arastirmalarda, armoni teknigini bilgisayar ortamina uyarlama caligmalarina ise
rastlanmamistir. Bu durumda yapilan bu c¢alisma ile diinya {zerinde bir ilk
gergeklestirilmektedir.

Bu c¢aligmada, ilk olarak soprano partisine ait notalarin kullanicidan alinarak bilgisayar
ortamina aktarilmasi amag¢lanmistir. Bunun i¢in Microsoft Visual Studio 2005°te yer alan
“panel” sinifindan kalitim ile bir “porte” sinifi olusturulmustur. Kullanic ilgili meniilerden
parcanin Ol¢iisiinii ve yazildig1 diziyi sectikten sonra istenilen nota uzunlugunu da secip
porte arayiizii iizerine fare ile tiklayarak notalar1 yerlestirebilmektedir. Buradan
“sopranoList” isimli bir baglantili listeye alinan soprano partisine ait notalara gore tonik,
subdominant ve dominant gegisleri belirlenmis, ardindan bu gegisler ve bir 6nceki (dikey)
akor durumu g6z oniinde bulundurularak klasik armoni kurallarina gore alto, tenor ve bas
partileri iiretilmistir. Bu partilere ait notalar yine porte arayiizii lizerinden gorsel ve MIDI
arayiizli kullanilarak sesli olarak kullaniciya aktarilmaktadir. Soprano partisine ait notalar,
sabit disk lizerinde saklanip daha sonra programa tekrar yiiklenebilmektedir.

Program, rasgele iiretilen notalar kullanilarak test edilmistir. Test sonuglarindan basaril
sonuglar alinsa da, bu daha 6nce de belirttigimiz gibi var olan ihtimallerden sadece
birkagidir.

2. boliimde, projenin tanimi1 yapilmis, projenin amaci, zaman planlamasi, risk



yOnetimi ve proje organizasyonu anlatilmistir.

3. boliimde klasik armoni ile ilgili temel bilgiler verilmis, projede yararlanilan armoni
kurallar1 agiklanmustir.

4. bolimde projenin analizi ve modellemesi agiklanmistir.

5. béliimde projenin bilgisayar ortamina nasil aktarildigi, gerceklenmesi ve test agamalari
aciklanmustir.

6. boliimde projenin deneysel sonuglari agiklanmis

7. boliimde ise projenin sonuglari degerlendirilmis ve projenin gelecekteki olasi gelisimi
hakkinda onerilerde bulunulmustur.





