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ABSTRACT

THE DEVELOPMENT OF THE METHODS

FOR ANALYSIS OF MUSICAL COMPOSITIONS

AND FOR THE FORMATION OF A SYMMETRICAL TWELVE-TONE ROW

USING THE ELECTRONIC DIGITAL COMPUTER

by Gilbert Harvey Roller

This research was conducted in order to develOp the

methods for the analysis of musical compositions and for the

formation of a symmetrical twelve-tone row, using the electronic

digital computer. The analysis method used is applicable for

music of all historical periods. The use of the computer

affords the advantages of speed and of printed results in a

clear, tabulated form.

The analyses were obtained by coding the musical notes

into numbers and forming a set of instructions (a program) for

the electronic digital computer, which manipulated the numbers

to produce the desired information. Analyses were made of

musical selections of from four to twenty-two voices, and of

composers from Mozart to Stravinsky. The results of the

analyses contain a printed table which gives for each chord

analyzed its measure number and its metrical position within

the measure, presents a list of the intervals as measured from

the lowest sounding note, and prints the letter name of the

lowest sounding note, the octave placement of each chord tone,

and the instrumentation of each chord. The analyses include a
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catalog of all repeated chords and repeated chord progressions.

The root of each chord, as determined by the Hindemith method,

is also listed. The frequency of repetition of the melodic

intervals in each voice was found, along with the frequency

of intervals between successive roots. These are listed, with

indications as to the upward and downward movements.

On file with the librarian at the Computer Center of

Michigan State University are the programs for analyzing

four-part music, together with accompanying card decks and

instructions for the use of the programs.

The analyses were preceded by a short history of

musical analysis and a brief description of the electronic

digital computer.

A Control Data Corporation 160A Computer was used as

the vehicle for solution of the problems in this study, but all

the programs deve10ped herein are adaptable to the large 3600

Computer.

An application of computer logic to a creative problem

in music is described in the solution of a symmetrical twelve-

tone row problem. Using the methods developed in the programs

of this study all 55,hh0 possible symmetrical twelve-tone rows

could be located. One row was processed in this research to

show the develOpment of the method.

In a search for the most satisfactory method of musical

analysis there are two qualities which are obviously desirable:

maximal speed_and universal applicability. An analysis of



 

p.



Gilbert Harvey Roller

intervals with Arabic numerals may be applied to the vertical

sonorities of music of all periods. Since the outstanding

characteristic of the electronic, digital computer is its

ability to compute Arabic numerals at a high rate of speed

and with near-absolute accuracy, the major conclusion of

this study is that musical analysis may be most easily, quickly

and accurately done on a high-speed electronic digital computer.

In addition, the electronic computer codifies the results in a

readable and meaningful form.

The high speed of the digital computer enables it to

solve with ease problems in selection. For this reason it is

to be further concluded that creative problems in music which

involve many choices and rejections afford an opportunity

for the use of the computer.

There have been relatively few applications of the

computer to music up to the present time, but eith the rapid

development of simpler programming techniques and the present

accessibility of these machines, there will doubtless be an

increased use of computers in the music field.
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CHAPTER I

INTRODUCTION

Musicians have always recognized the importance of

continual research in theory and analysis as a necessary basis

for intelligent interpretation in performance and for the

development of effective new trends in composition. The

music educator is further interested in a by-product of

analysis--form--for it is one of the useful tools in teaching

music literature. Music analysis is a slow, laborious task,

and many systems have been developed in an effort to make the

methods more meaningful and less time consuming.

At the beginning of the seventeenth century Peri,

Caccini and Cavalieri were the earliest proponents of the use

of figures as a method of indicating harmony. Jean Philippe

Rameau (1683-176h), who "was both the founder of the theory of

harmony in the modern sense of the term, and the most important

French composer of the 18th century,"1 was another early con-

tributor to harmonic analysis. He was the first to recognize

the inversion of chords. "This epoch-making doctrine [the

doctrine of fundamental chorng established the fact that all

 

lOliver Strunk, Source Readin s in Music Histor (New

York: W. W. Norton and Company, 1950 , p. 5 .



possible harmonies can be reduced to a limited number of

fundamental forms (accords fondamenteaux) called "tonic,"

"dominant," and "subdominant..."1

After the time of Rameau, theorists began to analyze

chords with Roman numerals. Since 1600 many variations of

analysis, using symbols, signs, Arabic and Roman numerals, have

been developed. Other important musicians who have contributed

to analysis methods are Gioseffo Zarlino, Hugo Riemann, Heinrich

Schenker, Joseph Schillinger, and Paul Hindemith.

The method of harmonic analysis most used today combines

Roman and Arabic numerals. However, neither this method, nor

any of the older systems, is adequate for the analysis of con-

temporary music. It is also true that there is no universally

accepted means for analysing any non-tertian harmony of the

modern period. In a search for a method of analysis that would

combine the advantage of universal applicability to music of

all periods with the added benefit of speed, the electronic,

digital computer was investigated as a possible instrument of

analysis. Since the outstanding characteristic of the computer

is its ability to compute Arabic numerals at a high rate of

speed with near-absolute accuracy, and since an analysis of any

given piece of music may be made with Arabic numerals, it would

seem that the computer would, indeed, be the ideal, logical, and

obvious choice of a method for musical analysis. The first

problem of this study is to develop such a method of musical

analysis using the electronic computer.

 

1Paul Henry Lang, Musi in Western Civilization (New

York: I. W. Norton and Company, 19 l , p. 5 .



The second problem of this research is to provide a

basis for designing a symmetrical twelve-tone row using the

electronic computer. This related problem, with its method

of solution, is presented in Chapter V.

A cursory knowledge of the computer and its peripheral

machines is necessary for the understanding of both the problems

discussed in this paper. A computer can do only what it is

instructed to do--nothing more. To "set up a program" to be run

through a computer means to provide a body of data and to devise

a set of instructions for its use. The instructions must be

very explicit, the logic of the problem correct, and the program

entirely free from errors in its mechanics. After a given

program has been developed other sets of data may be substituted

and processed. In other words, the program is basic: the data,

interchangeable.

While it is true that modern computers exhibit a variety

of different logical designs, yet they do have a common general

structure, as can be seen in the following description.

The operations of the individual parts of a

computer are very closely intermeshed, and it is

difficult to draw a clear line between them. It

may nevertheless be helpful to outline a functional

block diagram of a modern computer. Such a diagram

is shown below. It should be understood that the

diagram does not indicate the layout of actual

physical building blocks....The function of the

various units can then be stated as follows:
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Figure 1. "Block diagram of a modern digital computer. The

connecting lines are the main paths of

information flow."

Arithmetic Ugit: Execution of all machine

instructions, except a few which are directly con-

cerning external equipment. The unit has a few

special small storage devices, called registers....

Information transferred from one place to another

usually passes through the arithmetic unit.

Control Unit: The control unit is the nerve

center of the computer. It controls all events for

proper sequence. There are special registers for the

necessary logical information. Each instruction is

analyzed in the control unit, and the necessary

Operations are initiated accordingly. A special

function of the control unit is the automatic checking

of computer malfunctions and of certain coding errors.

Alarm signals are given and sometimes the machine is

stopped if such conditions are found.

Control anel: All switches and other manual

control elements necessary to operate the computer

are assembled on the control panel. The registers

of the arithmetic unit and of the control unit are

connected to indicators on the panel, so that their

contents may be visually inspected. The state of

the various external devices, like ready, not ready,

busy, etc., may be displayed. Certain lights serve

to show alarm conditions...

Clock: The clock is a device which generates

a contInuous sequence of pulses as soon as the

start button is depressed. It governs the basic

speed of all operations...

Memory: The memory is the device which can

store large quantities of information. It takes

over the functions of two different devices of



earlier computers. First, it stores intermediate

results for short periods of time....Secondly,

it stores the program and the data....The memory

is divided into a number of cells, or registers,

each with an identifying number, called the address....

A distinction is sometimes made between internal

and external memory. An external memory permits

the physical removal of the storage medium from

the computer, e.g., magnetic tapes.

Input-Output Circuitry: The timing of the

external devices is determined by mechanical

properties, such as the speed of a motor or the

response time of a relay. Since these factors

cannot be controlled to sufficiently close

tolerances, the external devices cannot be syn-

chronized with the clock pulse rate of the com-

puter. The input-output circuitry serves as

information buffer.

Power Unit: The power unit contains all

the circuitry needed to generate and regulate all

the voltages needed in the computer.

External Equipment: One of the peripheral

machines (external equipment) is the key-punch machine. It

prepares the IBM cards, punching only one line of numbers,

letters, symbols, or combinations of these, on each card. It

has a duplicating key for the convenience of the operator. A

person desiring to use the computer types his program (set of

instructions) on the key-punch machine, which has a keyboard

somewhat similar to that of a typewriter. A card reader prints

out on paper the information read from the card in as many lines

as there are cards. This machine is of great convenience for

use in correcting or altering the program. Other peripheral

machines are a printer, two magnetic tape units, and a plotter.

 

1Paul Von Handel (ed.). Electroni Com uters (Englewood

Cliffs, New Jersey: Prentice-Hall, Inc., 19 l , p. 19.



In regard to the manor unit, described on pages

four and five, it should be noted that programs are necessarily

limited by the number of spaces in the memory unit. The l60-A,

which was used for the programs in this study, has about 4,000

memory spaces. The new 5600 Computer, which has been installed

at Michigan state University, has a memory storage of almost

32,000 items. The programs in this study were developed before

the installation of the 3600 Computer.

What has been said thus far in this study, and

particularly in the pages immediately preceding, has referred

to the digital computer. Another widely used type of electronic

computer is called the analog computer.

The difference between these two kinds of machine may best

be explained by a reference to their names. The word digital

refers to a system of digits (a single number-symbol), a definite

quantity. Numbers such as l, 2, 3, etc., are digits. The

addition of k + 2 a 6 is a digital computation. The digital

computer uses numbers as definite quantities. for instance, any‘

operation that is performed on an adding machine is a digital

one. The abacus is another familiar example of a digital computer.

Analog (sometimes analogue) computers indicate quantities

or numbers by reference to something else, inches along a scale--

such as the slide rule--angle of rotation, or some other set

standard. Fahneetock uses the illustration of a gallon of

gasoline. When one speaks of this, he refers to a quantity of

volume equal to that of a standard gallon as maintained by the



National Bureau of Standards in Washington, D. C.1 The kind

of quantity identification for which quantities (or numbers)

are given with reference to a known standard is called analog.

The numbers are analogous to what they represent: hence, the

name. The analog computer often produces its results in the

form of graphs. Of the two types of automatic computers, the

digital is the more widely used, and for the purposes of this

paper, the more appropriate.

Hany authorities have made evaluations of the computer

and its abilities. James Fahnestock, in‘gggputers and How Th3;

£255, expresses the consensus of these evaluations:

It works at fantastic speeds, with virtually

unlimited acguracy, and with almost infallible

r01i‘bilitye

Today's large-scale computers help to make

airplanes faster and safer. They help build auto-

mobiles. Guided missiles and space vehicles owe

their very existence to electronic computers.

Gigantic payrolls are prepared by machines,

computers forecast weather, design ships, control

industrial processes, run machine tools, and

solve tremendously complex business psoblems for

private and government organizations.

Since this machine is so valuable in the world of

industry, business, and government, the question naturally

arises: lhat significance, if any, does it have with respect

to the arts? In a June, 1961, article in Computers and

Amtomation over 500 areas of computer applications were listed,

1James Pahnestock, Com uters and How The Work (New

‘York: Ziff-Davis Publishing Company, 19595. p. 2:.

2
Ibide . Pe 7e

31bid., p. 2.



none of which was closely connected with the humanities except

for linguistics. There were four fringe applications: two

to education and two concerned with retrieval of information in

libraries.1 This preponderance of use of computers in the

industrial world as compared with their use in the arts is

typical, at least up to the present tine; however, computers

have been employed somewhat in the arts, as the remainder of

this chapter will demonstrate.

In the field of linguistics there is considerable research

being carried on in the translation of languages. Franz L. Alt

in his book, Advances in Computers, discusses two alternatives

in this area. He feels that fully automatic, high quality

translation (FAHQT), is not a reasonable aim. Either partly

mechanized, high quality translation or fully mechanized, low

quality translation is a more realistic goal.2

In the article, "Human Translation and Translation by

Machine," the thinking of Glasefield, Persohke, and Samet is

summarized as follows: To obtain FAHQT, machine translation

Operational dictionaries would be required for every language to

cover words of both single and composite meaning; but the machine

still would not be able to follow the train of thought or

consider implications unless there is incorporated into it all

1Reil MacDonald, ”Over 500 Areas of Application of

Computers," 0 m uters and Automation, X (June, 1961), pp. 135-37.

arrans L. Alt, Advances in Computers (New York: Academic

Press, 1960), pp. 9421’.
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generally known and therefore not explicitly formulated

elements by means of a network of classifications.1

In spite of the difficulties involved, some groups

are still pursuing FAHQT. Others are making considerable

progress following the other aforementioned alternatives.

Franz L. Alt concludes:

An existing program at the Harvard Computation

Laboratory can produce word-by-word Russian to

English translations at a sustained rate of about

17 words per minute on a UNIVAC I, and about 25

words per minute on a UNIVAC II. This is four to

six times more than an expert human translator can

produce, but since UNIVAC II time is 100 times more

expensive than a human translator's time, commercial

machine granolation is out of the question at

present.

A computer program which is in progress in the field of

literature involves counting word frequency. It is claimed

that disputed authorships may be determined by this method.

Braille translations have been produced by a computer.

It can translate a 300-page book into Braille in an hour. This

would take six days for a skilled translator. The English texts

are punched out on cards. The Braille characters emerge from the

computer in coded symbols on punched cards which in turn are fed

into a printer that prints Braille characters and English texts.

__

13. Von Glasefield, S. Perschke, and E. Samet, "Human

Translation.and Translation by Haohine," In ineer, 00111

(September, 1961), pp. ##2-443.

gilt, p. 112.
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It is edited, corrected, and the cards are then fed to an

embossing machine which creates plates for the printing machine.1

It is interesting to note that B. I. Revans in his Preface

to D. N. Chorafas' book, Programming Systems for Electronic

Computers, makes the following comparison:

When the Authorized Version of the English Bible

was translated from its original texts the task took

fifty-four men nearly three years. The men were among

the greatest scholars of the age: one of them for

example, knew fifteen different languages. A couple

of years ago a computer translateg the same book

into Braille in about four hours.

An art work was created by Ebram Ariazi with an electronic

beam as the brush, an oscilloscope as the canvas, and an elec-

tronic computer as the painter. This was done at Massachusetts

Institute of Technology in a course, Art for Engineers. "He

[lbram Ariazi] hopes to have the computer prepare a tape to

run an automatic milling machine so that the computer can make

a three-dimensional shape as an impression of what he has seen."3

He also intends to produce art works in color.

It is quite common for the computer to be used as a

musical instrument. This involves the rendition of familiar

airs in a single-note fashion.

 

1"Braille Translations," Computers and Automation,

October, 1959. p. 200.

2R. W. Revans, Preface to Programming Systems for

‘Eleotronic Computers, by D. N. Chorafas (London: Butterworths,

19325 0 Fe to

3"Art for Computers," Computers and Automati n, January,

1963’ p. 8e
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Usually producing an oboe-like sound, the output

of the computer is easily identified as to the musical

number it is rendering. In a similar manner computers

have been programmed to generate the sounds which

constitute one part of a trio, the other two parts of

which are rendered by h n musicians or in some cases

by the computer itself.

Phyllis Higgins says the notes which the computer is

capable of producing are Bo, C, D, E, PJ, 6, A, Bb, B, C‘, C#',

D', E', and F'.2

Neil MacDonald suggests that orchestral instruments be

given automatic control; that is, that the sounds produced by

each instrument be controlled by an electronic computer. The

timing of all the musical notes and rests could be governed,

down to milliseconds, or perhaps even finer, if this is

desirable. To offset the criticism of mechanization, he includes

in the program the skill of a great conductor who can vary the

meter and the relative loudness and softness of the different

instruments. He believes this would be "marvelously beautiful"

symphonic music.)

One of the most recent experimental approaches to

music has been the use of an automatic high-speed

digital computer in actual composition. In contrast

with electronic music and musigue concrdte, where new

sound media are created, the computer composes pieces

1John A. Postley, Computers and People (New York: HcGraw-

.8111 Book Company, 1960), p. 224.

ZPhyllis Higgins, "Three-Part Music with a Computer as

(Due Part," Computers and Automation, VII (March, 1958). p. 8.

3Neil MacDonald, "music by Automatic Computers," Computers

and Automation, VII (March, 1958), p. 8. ‘
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that can be played on conventional instruments; a

string quartet called the Illiac Suite the result

of such a process, has been published.

A book by Lejaren Killer, a musician, and Leonard H.

Isaaoson, a mathematician, Composition with an Electronip

Computer, describes the steps and experiments that led to the

composing of the Illiac Suite.

In Experiment 1, single line melodies, and two- and

four-part writing were done by the machine and controlled

through a selection of first species counterpoint rules.

After a beginning note had been given, the computer selected

the remaining notes according to the rules stored in its memory.

All the rules for first species counterpoint were added

in Experiment II, which produced four-part music of fair

quality except for some monotony in rhythm.

Rhythm, dynamics and chromatic writing were dealt with

in Experiment III. With h/8 time as the meter and the eighth

notes as the smallest rhythmic unit, all the possible rhythmic

combinations were coded and used in producing music which

provided more interest in this area. Entirely random chromatic

melodies were composed by the computer in this experiment, to

contrast with those on which the strict sixteenth century

counterpoint rules were imposed. This included tone rows,

'mmich were printed with their inversion, retrograde, and

retrograde inversion.

A;

1Peter S. Hansen, An Introduction to Twentieth Cent

fluaic (Boston: Allyn and Bacon, Inc. 1931), p. 55;.
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In EXperiment IV the "objective was the synthesis of

music from purely mathematical rules."1 The melodic intervals

for this experiment were selected from a table of probabilities.

The computer was programmed to select intervals between parts

according to the previous interval. The sound of the music

produced was similar to some of the atonal music of contemporary

composers. These four experiments prepared the way for the

composing of the Illiac Suite.

Peter Hansen, Head of the Department of Music at Tulane

University, explains how a computer can write music in the style

of earlier composers:

A computing machine cannot "think," but it can be

instructed to make selections and rejections. In one

sense, the process of composition is the making of

selections and rejections, whether consciously or

unconsciously. The composer chooses key, meter,

timbre, and type of harmony (not necessarily in that

order) and once started, chooses from many possi-

bilities what should follow. The number of possi-

bilities are not limitless, but are determined by

the general style in which he is writing. In the

Bach style, for instance, the exact probability

of a tonic chord following a dominant has been

determined, and HeBose can write, "In their music

the composers of the 18th century use the normal

progression about seventy-six percent of the

time." Bach of course knew nothing about this:

he simply wrote music. Nevertheless on the basis

of his music the "Bach style" can be defined

accurately. The same is true of any other style.

Coded instructions can be given to a computer

so that it will choose a "possible," i.e. not

incorrect, series of musical material. It can even

be instructed to reject "impossible" (in terms of a

given style) progressions. Therefore, if a com-

puter is fed instructions based on probabilities

 

1Lejaren Killer, "Computer Music," Scientific American,

CCI (December, 1959). p. 119.
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determined by a given style of music, it can turn

out endless "compositions" in the form of a code

which can be easily transcribed into musical nota-

tion and performed. At this point human sensi-

tivity enters. Through operation of the laws of

chance, some of these "compositions" might be "better"

than others. The critical Judgment of the trained

musician can then accept some of the results and

reject others, just as a composer continually accepts

or rejects his own ideas when he composes.

In summary, then, the applications of the computer to

the areas of the fine arts have been limited, with language

translation holding the most prominent place. The one appli-

cation of the computer to painting is a mechanical one. To

date, the most common application of the computer to music is

to use the computer as a musical instrument. The only serious

applications of the computer to music are those of Hiller, who

uses an automatic high speed digital computer for actual compo-

sition, and Hansen, who suggests how a computer can write music

imitative of another composer.

Within the range of this study, it is my hope to show

how an automatic, digital computer can solve the problem of

analyzing existing works of any period at a much-increased

rate of speed and accuracy over present methods of analysis.

 

1Hansen, pp. 354-355-



CHAPTER II

DEVELOPMENT OF COMPUTER PROGRAMS FOR MUSICAL ANALYSIS

The machine for which the programs included in this

research were designed is a Control Data 160-A Computer. A

stored-program digital computer, it uses a basic, language-

type set of instructions written in the Fortran programming

language. This means that a problem delineated in prose can

be translated into mathematical symbols and words which the

machine can understand. The-fortran language is composed of

symbols, numbers, and specified words. In automatic programming

the computer does a further job of translating by changing

the Fortran into binary numbers (0's and 1's), and after that

it makes the computations. Before the days of automatic pro-

gramming the programmer himself had to furnish all data and

instructions in binary numbers. It can be seen, then, that

programming actually involves two steps: formulating the

problem, and translating it into a Fortran language.

A great advancement, which has made it possible for

the computer to be used by those with a very limited know-

ledge of its intricate workings, is the development of this

formula-translating language, with the trade name, Fortran.

The Control Data Fortran System provides for the

automatic coding of programs for the 160-A computer.

Portran derived from FORmula TRANslation is a language

that greatly resembles the language of ordinary mathe-

matics. Computers need elaborate and complex sequences

15
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of instructions, that is, machine language programs to

specify every step of their operation. By means of the

Fortran system, the programmer is not required to prepare

such machine language programs. Instead, he prepares a

source program in the more familiar Fortran language. A

compiler program then translates the source program

into an object program ready to be run.

Fortran permits the programmer to communicate with

the computer in a language more concise and familiar than

machine language. This yields a saving in the time to

train a programmer and in the time taken to write programs.

In addition the correcting of errors is accomplished more

rapidly.

Simple Fortran words, such as IF, when used in a program,

are translated through a stored library of instructions, and a

whole series of operations are accomplished. The other formula

words used in this research are DIMENSION, FORMAT, READ, DO,

GO TO, CONTINUE, PRINT, and PUNCH.

A DIMENSION statement serves to allocate storage for

arrays.2 The word DIMENSION is followed by directions as to

how much of the memory space is to be utilized, and under what

names the data is to be stored.

FORMAT precedes the description of the data's position on

the punched cards, or determines in what manner the alpha-

numeric (letters and numbers) characters in the results are to

be positioned on the printed page or punched cards.

READ causes data cards to be read into the computer‘s

memory in the manner and in the quantity indicated.

 

1Control Data Corporation, Fortran Slates (Kinneaspolis:

Control Data Corporation, 1961), p. iv.

2For an explanation of arrays, see page twenty-three.
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"A DO statement is a command to repeat a sequence of

Fortran statements altering an index variable each time, until

a threshold1 is reached."2 DO instructs the machine to do over

and over a certain operation(s) a stated number of times.

An IF statement provides for conditional branching to other

parts of the program. It is a two- or three—way decision point.

The program may develop in any one of two or three directions,

depending upon the results obtained from this expression.

00 TO alters the normal order of the program. Control

normally moves from one statement to the statement immediately

following. The GO TO provides a transfer to another section of

the program.

CONTINUE is a $2251 word which acts as the last statement

of a DO loop. It transfers control back to the beginning if the

sequence is not finished, but instructs the computer to proceed

with the subsequent statements if the 100p has completed the

required number of sequences.

PRINT and PUNCH statements call for the answers to be

typewritten or punched on IBM cards. The punch statement is

useful in a series of programs, for the results of one program

can be used without further preparation as data in the next

program.

Fortran words simplify the whole programming process and

save the pregrammer an enormous amount of time and effort.

‘

1The point at which a given number is reached.

zcontrol Data Corporation, p. 12.
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For illustrative purposes, a sample program is given

below. Each of the foregoing terms is explained in the context

of the program.

STATE-

KENT

NUMBER PROGRAM INSTRUCTIONS EXPLANATION

‘ Program--Illustration The title, chosen by the programmer,

is for identification purposes

only. The ' signifies that

the statement is a comment,

not an instruction. It is

always on the first card in

the first space of the card.

Statement numbers may not be

repeated, they need not be in

consecutive order, and are used

only when future reference is

to be made to that statement.

DIMENSION MUSIC (12) In this case MUSIC is the name

of a location in the memory

section. It will store twelve

items of information. MUSIC

is the name by which reference

is made to this information

whenever it is needed. The

programmer coins a great many

words to be used as vehicles
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STATE-

MENT

NUMBER PROGRAM INSTRUCTIONS

1 FORMAT (12(16))

READ 1, (MUSIC (I), I = l, 12)

EXPLANATION

for computation, storage,

shorthand, and for reference

aids, such as MUSIC, INFO, KORT.

The instructions, always

enclosed in parentheses

following FORMAT, explain in

this case that there will be

twelve numbers, and each will

be included within six spaces

(field width) on an IBM card.

If the numbers used are integers

(no decimal points involved),

the letter "I" precedes the

field width.

The machine when following

this instruction will record

the twelve numbers given. The

reference, "READ 1," tells

the machine exactly how it

will find the numbers arranged

on the punched data card. A

place was reserved in the

DIMENSION statement for MUSIC.
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no 15 I a 1, 12

IF (MUSIC (1)) 8, 10, 10

The statements following D0

are to be executed in order,

(unless a GO TO calls for a

transfer to another part of

the program), to and including

statement number 15. Repeat

this process twelve times,

each time taking a successive

value for (I) from 1 to 12.

Each of the twelve repetitions

of this sequence is referred

to as a loop. For the first

loop I s l, and in the seventh

loop I a 7.

This statement calls for a

decision. If the value of the

quantity within the outer

parenthesis is less than 0, the

next statement to be executed

is statement number 8. If the

value of the quantity within

the outer parenthesis is equal

to 0, control will transfer to

statement number 10, or whatever

the middle number may be. If

the quantity is more than 0,



21

8 GO TO 18

10 MUSIC (I) a MUSIC (I) + 1

15 CONTINUE

control will transfer to the

third number. All three

numbers may be different,

or any two may be the same.

If the program has stopped

here following the IF command,

the next statement to be pro-

cessed is number 18.

Arithmetic symbols that may

be used in Fortran are: + (ad-

dition), - (subtraction),

’ (multiplication), and

/ (division). The a sign means

the expression on the left side

is to be replaced by the expres-

sion on the right side.

The statement CONTINUE

indicates the return to the

DO statement to begin the

subsequent loop. At the last

loop, the machine will not

return to the DO statement

from here, but will go to the

next statement in line.
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18 PRINT 20, (MUSIC (I), I a l, 12) The values of MUSIC

will be printed according to

the form indicated in FORMAT

statement number 20. The

numbers recorded in the twelve

places under MUSIC will be

printed.

20 FORMAT (130, 12 (16)) 130 indicates that the machine

should double space before

printing the answers. Then,

it should proceed to print

twelve answers across the

page, each within six spaces.

STOP

END

(blank card) The two words, STOP, END, and

the blank card terminate the

program.

h07h2 409k2 h07h2 h05h2 aloha #0942 #0142 51232 #0542 h05h2 #0592 406#2

Twelve five-digit numbers,

each typed within six spaces,

supply the data with which

the program will work.

The spacing of the words and numbers on the cards is very

important. Information about spacing is readily available in

computer manuals.
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The electronic computer is basically a mathematical,

problem-solving instrument designed to manipulate numbers. Only,

therefore, as musical problems can be expressed in mathematical

terms, can these terms be organized into programs and solutions

be found. This means that in preparing a piece of music for

analysis by the computer, the various parts of the music must be

translated into numbers. For purposes of this paper, this process

is called "coding."1 The numbers thus derived are placed in a

computer array, which is a memory storage unit. A one-dimensional

array contains a list of numbers in either columns or rows. A

two-dimensional array is composed of numbers arranged in both

columns and rows. These may be referred to by the number of the

column, and of the row.

The array INFO will store measure numbers and indications

of the position of chords within a measure. For instance, 00111

and 02822 both give three kinds of information. The first three

spaces, 001 and 028, are the measure numbers: the fourth digit

in each case indicates the beat within the measure, beat 1, beat

2; while the last figure in both of the numbers stands for the

fraction of the beat: 1 is the first half of the beat, 2 is the

second half of the beat.

The cards on which this data is stored may be used for

many compositions. For instance, any composition in h/h meter

which calls for an analysis of the chords on each half beat

could use the same INFO array. The complete first measure of a

composition in b/h meter would be notated thus: 00111, 00112,

 

1This is not to be confused with the automatic coding of

programs of the Fortran system.
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00121, 00122, 00131, 00132, 00141, 00142. This could be broken

down further into as many divisions as desired. If every N of

the beat is to be analyzed, it would be shown like this: 00111,

00112, 00113, 00114, 00121, 00122, 00123, 00124, 00151, 00132,

00133, 00154, 00141, 00142, 00143, 00144.

In 3/4 meter, one chord to a count, the fifteenth measure

would be written: 01511, 01521, 01531. The storage of this

information as a two-dimensional array could be visualized as

in the following table. 0n the punched IBM data card the

information for a l42nd and l43rd measure (one chord recorded

for each best) would appear in a line:

1421114221142311424114311143211433114341, and in storage like

this:

Column 1 2 3 4 5 6 7 8

Row 1 b 142 142 142 142 143 14} 14} 14}

Row 2 11 21 31 41 ll 21 31 41

Figure 2. Storage of a two-dimensional array.

Since normal analysis procedures would indicate successive

measures and successive beats or fractions of beats, this 4/4

meter INFO array may be used for any composition in 4/4 meter,

and these cards would not have to be re-punched each time.

There is no reason why a special INFO arrangement cannot be

made. Contemporary music may demand it. For the music of

Hindemith and Webern analyzed in this research, irregular INFO

patterns were used.
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CodinggMusic into Numbers

The following table shows the conversion of the notes of

the scale to numbers:

C---------01 F# or Gb--O7

C# or Db--02 G---------08

D---------03 G# or Ab--O9

D# or Eb--04 A---------10

E---------05 A# or Bb--11

P---------06 B---------12

Figure 3. Conversion of notes to numbers.

This is necessarily arbitrary. Decisions will need to be made

by the programmer when the music involves double sharps and

double flats or other notes not listed in the table.

The range of the piano keyboard is divided into seven

and one-quarter octaves. In the figure on the next page,

number 1 represents the Contra octave: number 2, the Great:

number 3, Small: number 4, One-line; number 5, Two-line:

number 6, Three-line: and number 7, Four-line. The octave

number is used as the first of the three numbers which repre-

sent the note itself.

A five-digit number will more completely illustrate each

note of the composition, as 41043. The first three digits

represent the note proper. This note is in the fourth octave,

the tenth note. The fourth figure is the octave number re-

peated, the fifth place represents the instrument which is

sounding the note. The instruments involved in any composition
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will have to be arbitrarily assigned before coding. Two spaces

may have to be allowed for the instrument, and any composition

having more than nine instruments would need to use both spaces

for their representation. To illustrate, let the third horn

be represented by 12 and its concert pitch note, middle C.

This would be coded as 401412.

3

 

.9.

E

 

“
H
I
M

:]

:I

Figure 4. Chart for indicating first digit of coded note.

One more example of coding follows:

1 2 3 -I Violin - 1

II Violin - 2

Viola - 3

Cello - 4

 

Figure 5. Coding example.
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The programmer names the various arrays. Since this study

will not be using fractional or decimal numbers, only words

beginning with the letters I, J, K, L, M, N, may be used. The

words may not exceed six letters. The four voices of the example

given here have been assigned the names, MUS, NOTE, KLANG,

LONG, from tap to bottom, respectively. This example is coding

every half beat of the music.

MUS

41041, 41041, 50151, 50151, 50151, u11u1, 41041, uoau1, 40641,

40641, 40641, 40641

NOTE

40642, 40642, 41042, 41042, 40842, 40842, 40342, 40342, 40142,

40142, 40142, 40142

KLANG

40143. 40143, 40443, 40443. 40343. 40343. 31133. 31133. 31033.

31033. 31033. 31033

LONG

30634, 30634, 30734, 30734, 30834, 30834, 30134, 30134, 30634,

30634, 30634, 30634

To review, each note of a composition will be coded into

one number of five digits. The first three figures depict the

exact location of the note, i.e., the particular octave, and

its placement within the octave. The fourth digit is a repeat

of the octave number. The last figure in the first line is

one identifying all these notes as belonging to the first violin.

The other lines end with 2, 3, and 4, identifying their instrument.
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The kinds of intervals within the octave are reduced to

twelve, i.e., the enharmonic notes are counted only once. The

following table is the coding table which is to be consulted

for interpretation of interval value.

p1 m2(A1) M2(d3) m3(A2) M3(d4) 24(1))

00 01 02 03 04 05

89 90 91 92 93

A4(d5) P5(d6) m6(A5) M6(d7) m7(A6) n7 P8

06 07 08 09 10 11 12

94 95 .96 97 98 99 100

P---perfect m---minor A---augmented

M---major d---diminished

Figure 6. Coding table for interval values.

For example, the interval between the lowest and highest

notes in the first chord of Figure 5 is found by subtracting

the two: 306 from 410. This results in the number, 104. To

reduce any number above 12, use the following plan: The numbers

between 101-112, 201-212, 301-312, 401-412, 501-512, 601-612,

701-712 are reduced simply by retaining the last two digits

of the numbers. The numbers between 89-100, 189-200, 289-300,

389-400, 489-500, 589-600, 689-700, and 789-800 are reduced by

dropping the first digit and subtracting 88. Therefore, 104

is reduced by retaining the 04; in 394 the 3 is dropped and 88

is subtracted from 94, resulting in 06.

,Programs for Musical Analysis

Of the various phases of a musical analysis, the

following have been processed through a computer for use in

this study:
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l) Harmonic Intervals, with rhythmic, octave, and

instrument locations

2) Frequency of chord repetition

3) Repeated Chord Progressions

4) Hindemith Roots

5) Melodic Intervals (also for Hindemith roots)

6) Frequency of Melodic Intervals (also for Hindemith

roots)

The distance between notes (intervals) is found by counting

up or down. For instance, from C to E is three notes, and this

interval is called a third. After coding, intervals are found

by subtracting the number representing one note from the number

representing the other note. For example, notes C and E are

represented by the numbers, 401 and 405. The difference is 4,

which in Figure 6 is shown to be a major third.

The first five programs in this research are concerned

with finding the harmonic intervals in chord structures, with

their rhythmic, octave and instrument locations. These har-

monic intervals are found by subtracting the lowest-sounding

note from every other note present in the chord.

Program One uses the coded notes for input and prints

out on paper and punches out on IBM cards the intervals.

Selected for developing this program is a string quartet.

The intervals are found by subtracting the cello part from the

first violin, the cello from second violin, and cello from

viola. This is comparatively simple, unless one of the

voices is absent, or unless a voice crosses below the cello



30

part. Program revisions are continually necessary for meeting

these and other unforeseen problems.

The simple, three-measure, four-part musical example in

Figure 5 is used to illustrate the basic steps described in

Programs One through Five. (This is not to be confused with

the programming of the Beethoven String Quartet in the next

chapter which also uses Programs One through Five.)

The four voices, from top to bottom, were given the array

names, MUS, NOTE, KLANG, and LONG. The instructions provided

for LONG to be subtracted from MUS, NOTE, and KLANG. The results

were:

FIRST CHORD

410 406 401

291291291

Difference: 104 100 95

FOURTH CHORD

411 408 403

291299.211

Difference: 103 100 95

Difference:

The Print Out lists the differences (intervals), three for

each chord, thus:

SECOND CHORD

501 410 404

29131291

194 103 97

FIFTH CHORD

410 403 311

291291291

109 102 10

SEVENTH CHORD

406 401 310

29129121
100 95 4

\

THIRD CHORD

501 408 403

291291291

193 100 95

SIXTH CHORD

408 403 311

2.91 291221

107 102 10
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104, 100, 95

194, 103, 97

193, 100, 95

103. 100, 95

109, 102, 10

107. 102, 10

100, 95, 4

Since subsequent programs need to use these intervals in

a different order, Program Two rearranges the numbers in the

vertical columns to be read horizontally, thus:

104, 194, 193, 103, 109, 107, 100

100, 10), 100, 100, 102, 102, 95

95. 97. 95. 95. 10. 10. 9

Just as intervals are often reduced to within the range of

an octave, so the intervals listed above may all be reduced to

figures of 12 or below (see explanation, page twenty-eight).

This reduction is made in Program Three. The table then reads:

4 6 5 3 9 7 12

12 3 12 12 2 2 7

7 9 7 7 10 10 4

Program Four illustrates that the numbers would be even

more readable if‘each vertical column is rearranged in a

numerically descending order:



This step of arranging the intervals in numerically descending

order is important to the process of comparing the chords.

Otherwise, it would be difficult, if not impossible, for the

machine to make the comparisons.

Program Five compiles all the information resulting from

Programs One through Four and prints them, after conversion,

in table form:

Measure No. gpythmic Position Harmonic Intervals Octave Instrument

001 11 8. 4 l

5. 4 2

3. 4 3

F 3 4

Figure 7. Information from Program Five.

Included in the column under Harmonic Intervals is the name of

the lowest sounding note, F. The point (.) designates a major

or perfect interval: the dash (-) indicates a minor interval,

and the addition sign (+), an augmented interval.

Program Six, Frequency of Chord Repetition, uses the

output from Program Four for its basis. In the music under

investigation any chord structure that is repeated is printed out.

The same procedure is followed for repeated chord

progressions in Program.Seven.
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The contemporary composer and theorist, Paul Hindemith,

has developed a method for finding the roots of chords that is

usable for even the complex chords of twentieth-century music.

Since it will work for any type of chord, this method is

valuable for analyzing the music of all periods. Not only the

intervals from the lowest note, but all other inner intervals,

are found in Program Eight. In the first chord of Figure 5,

for instance, there would be six intervals rather than three.

They would be:

410 406 401 410 406 410

2.9229201191291996

Difference: 104 100 95 09 05 04

These are reduced, as in Program Three, to: 4, l2, 7, 9, 5, 4.

Hindemith has arranged all the intervals in what he

considers the order of their importance. The results obtained

above, 4, 12, 7, 9, 5, 4, are checked against a list developed

by Hindemith, which is given after "A" in the table below. In

the Hindemith list, the most important interval is 7 (perfect

fifth); if there is a 7 in the list from the above example, it

is considered the most important interval. In the intervals

listed after the array, B, the lower note is the root: for those

after C, the upper note is the root, and for the tritone (6),

there is no root. In the above example, then, the 7 (the

difference between 401 and 306), is the most important interval.

Since it appears in the array marked B, the lower note is the

root. Therefore, 306, an F, is the root of this chord. In

case the most important interval appears more than once, the
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lower (or lowest) note takes precedence. This process of

finding the root is repeated for each chord.

A 7, 5, 4, 8. 3. 9. 2, 10, 1, 11, 12, 0, 6

B 0, 3, 4, 7, 10, ll, 12

C l, 2, 5, 8, 9

Figure 8. Hindemith's table for choice of interval value and

chord root.

Program Nine deals with Melodic Intervals. In finding

melodic intervals, the subtractions take place horizontally

rather than vertically:

501 501 411 410 408 406

11929129111111.1919.

Difference: +91 0 -90 -Ol -02 -02

The positive numbers indicate an upward movement, and the

negative numbers a downward progression. Reduced and inter-

preted, these are shown below:

+03 0 -02 -01 ~02 -02

or minor third, repetition, major second, minor second, major

second, and major second. This program also finds the melodic

intervals between the Hindemith roots.

Frequency of melodic intervals for each instrument

and the Hindemith roots are tabulated in Program Ten.



CHAPTER III

RESULTS 0? ANALYSIS ARRIVED AT THROUGH APPLICATION

OF THE PROGRAMS T0 MUSIC OF VARIOUS STYLES

The Beethoven String Quartet in C# Minor,ggpus 131,

First Movement, is used as the major vehicle for developing the

Analytical Programs One through Ten. To further illustrate the

applicability of these programs to various styles and to a

varying number of parts, analyses of sections from the following

compositions are also made: Hindemith's Kleine Hammermusic,

Opus 24, No. 2, Webern's Six Bagatellen for Stripg Quartet,

Opus 2, Schumann's Papillons,_0pus 2, Mozart's 31mphony in 0

533253 and Stravinsky's Symphony in Three Movements.

In all of these sets of programs there is an

insufficient amount of music coded and analyzed to make any

type of conclusive analytical statement. The primary purpose

of this research is to provide a methodology which may be

utilized for research rather than to produce meaningful

analyses. The results are indicative, though, of the kind and

amount of information which can be gained from a computer

analysis.

All the computer results are tabulated in Chapter Seven,

but for illustrative purposes several representative results

are presented in this chapter. The significant results from the

programs developed in this study are found in Programs Five,

35
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Six, Seven, Eight, and Ten. Programs One through Five could

have been processed as one program if the memory storage of the

l60-A Computer had had enough units. As it is, the results from

Program One are used as data for Program Two, the results from

Program Two as the basic information for Program Three, etc.,

up to Program Five. Likewise, Program Nine is not in itself

significant but furnishes data for Program Ten. For a clear

understanding of the findings of this study, each of the ten

programs is outlined.

Beethoven: apartet, Opus 1311

Program One surveys the notes of each chord to be

analyzed, and finds the smallest number, which represents the

lowest note of the chord. The machine uses this note as the

one from which all the other notes of the chord are measured,

even though it may not be the bass note. This measurement

results in three intervals for each chord, which are the figures

listed in the three columns under the heading INTERVALS on page

ninety-seven. Each horizontal row of numbers represents a

chord. The figures in each row may be interpreted by referring

to page twenty-eight; however, interpretation of these intervals

is included in the results of Program Five. Using the process

described on page fifty-eight, five multiples of eighty chords

(400) were used for Program One only. This program is found

on page seventy-seven and its results on page eighty-two.

Program Two rearranges the numbers in the vertical

columns to be read horizontally, as illustrated on page

 

1The music used for this analysis is found on the next page.



 
QUARTET NO. 14, Opus 131 L. van Beethoven
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thirty-one. The actual data is arranged in eight columns and

thirty rows. The eighty chords analyzed from the Beethoven

String Quartet are represented by thirty lines of the output.

The output of Program Three, page 106, is in the same

tabular form as Program Two, but all the numbers have been

reduced to twelve or below. The notes are still in coded form.

The results of Program Four, pages 109 through 111,

are tabulated in three columns, each horizontal line repre-

senting a chord. The numbers in each row are arranged from

left to right in a numerically descending order.

Program Five's findings are tabulated on pages 123

through 134. For further interpretation of these figures,

the reader is referred to page thirty-two. Every vertical

sonority that occurs on the metrical beats shown in the second

column of Program Five is analyzed. The table obtained

presents a harmonic outline of the musical composition

analyzed.

The harmonic intervals from the results of Program

Five are given below:

0 0 0 O O 0 0 O 0 0 O O 0 0 0 5

O O 0 0 O O 0 O 0 0 0 O 0 O O O

O O 0 0 0 0 0 O 0 0 0 0 0 O O 0

O 0 0 O O O 0 0 0 O 0 0 O O O 0

3- 4+ 3. 3- 5. 3- 3. 6- 0- 3- 3. 4+ 6. 5. 3- 5-

C) 0 0 0 0 O 0 0 0 3.

C) 0 0 0 O O O 0 O O O O O O O

C) 0 O O O 0 0 O 0 0 0 O 0 O



3‘ 5e 3" 3" 50 4+ 1++ 6- 7- 5. 6- b- 7- 5e 50 7"

3- 3. 4. b. 3- 3- 3o 3- 3. 3. 3- 3- 3. 3- 5- 3.

O O O O O O O O O O O O O O 5.

O O O O O O O O O O 0 0+

a. 6. 6. 5. 6- 6. 6. 8. 3- 6. b. 3- 5. Q. 3- 2-

6. 4+ 5. 5. 8. 6. 6. 6. 8. 4+ 6- 8. 5. 2. 8. 7-

3- 3- 3. 8. 3. h. 3. 3- 3- 3- 3- 3- 3. 3- 3- 4-

F F F+ F+ D D D C+ B D C+ B A B 0+ 0+

2- 6. 8. 3- 5. 4. 3. 3- 6- 3. 8. 6. 6- 5. 5. 2.

6. 6+ 6. 8. 3- 6. 6. 6. 6. 6. 3- 3- 8. 7- 8. 6.

4. 3- 3. 3- 3- 3- 3. 3- 3- 8. 6. #+ #. 3. 3. 4+

0+ E D C+ B C+ D E- E- E F+ G A- A A- F+

Chart 1. Harmonic intervals of Program Five.

The section of music analyzed is a fugue. It is not

until the fourth measure that a second voice enters and a

harmonic interval is shown on the table. Between the second

half of the second best of the fourth measure and the second

half of the second beat of the eighth measure when a third voice

enters, there are five minor thirds, two major thirds, one

perfect fourth, two augmented fourths, three perfect fifths,

two minor sixths, and one major sixth.

The three-voice section which extends to the second half

of the second beat of the twelfth measure contains four major

chords indicated by 5.; four minor chords, 5. and 3-; three

30
3- 5-

major chords in first inversion, 6-; a major-minor seventh

3-

chord, 7-; a diminished chord, 4+; a second inversion diminished-

}. 3"
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minor seventh chord, 4+; and one second inversion of a major-

3.

minor seventh chord, h.

3-.

The remainder of the section has four voices and

contains the following chords:

Six major chords, four in root position, one in first

inversion and one in second inversion.

Ten minor chords. Of the five in root position, four

are incomplete chords lacking the fifth. Four minor chords

are in first inversion and one in second inversion.

Three diminished triads in first inversion are present,

as well as five diminished-diminished seventh chords.

Four major-minor seventh chords, two in root position,

one in second inversion, and one in third inversion.

One augmented chord.

Four non-classified chords, which are probably the

result of non-harmonic tones.

The results of Program Six on page 142 are given in

terms of the positive and negative numbers of the following

table:

1 -- no interval 5 -- perfect fifth

-2 -- minor second -6 -- minor sixth

2 -- major second 6 -- major sixth

-3 -- minor third -7 -- minor seventh

3 -- major third 7 -- major seventh

# -- perfect fourth 8 -- perfect octave

-5 -- diminished fifth

Figure 9. Interval interpretation.
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The chord is formed by reading the intervals

horizontally.

PROGRAM 6

FREQUENCY OF CHORD REPETITION

Number of

Entry Chord

1. 5 l 1

2. 5 l 1

3e ’5 l l

4. -3 1 1
Se ‘5 l 1

6. -3 l 1

7e -5 l l

5. 3 l l

9. -6 1 l

10. 5 3 l

11. 5 3 1

12. 5 3 l

13. 5 -3 1

11+. 5 '3 l

15. -6 -3 1

lbs -6 -5 1

170 '7 5 l

15. -7 5 3

190 b '5 -3

20. 6 -5 -3

21. 6 -5 -3

22. 5 3 3

23. 8 5 3

26. 8 6 -3

250 8 ’5 “'3

26. 8 -3 -3

27o 5 -3 -3

26. 6 4 -3

29. 8 6 3

Chart 2. 'Results shown in Program Six.

The results of Program Six show (third to sixth entry)

five minor chords, -5 l 1. Entry 13 and 14 account for two

more minor chords, 5 -3 1. Also, 8 -3 -5, which appears

three times beginning on the twenty-fifth line, outlines four
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minor chords. The last entry, 8 6 3, identifies two first

inversion minor chords. This is an analysis of the minor chords

that appeared beginning with the two-voice texture of the fugue.

If a chord is repeated one or more times, it is listed

in the results of Program Six. To determine the number of times

a particular chord appears, count the number of times it is

listed and add one.

The results of Program Six are not as complete as those

of Program Five, as Program Six is not able to distinguish

similar chords which have omitted chord members. For instance,

these three chords are all first inversion major chords:

-6 8 8

-6 -6 -6

-5 -3 -6

Two minor sixths and a minor third, or an octave, minor sixth,

and minor third, or an octave and two minor sixths all basically

outline a major chord in first inversion; but the machine, which

is looking for an exact repetition of numbers, does not recognize

these as being the same basic chord.

The results of Program Seven on pages 151 through 153

list groups of chords separated by the word END. If all the

chords within one group have the same intervals, for instance,

5 3 0

5 3 0

5 3 0, these chords are to be ignored. They are chords

which the computer was investigating, but which were found not

to be a part of a progression repetition.
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PROGRAM

CHORD PROGRESSION

Number

of group

1. 5 l 1

-3 l 1

END

2e -5 l l

-3 1 l

-3 1 1

END

3. S 1 1

-3 l 1

END

4. -3 1 1

END

5. 5 3 l

5 3 l

5 3 1

END

6. 5 3 1

5 3 1

END

70 5 -3 1

END

6. -6 -3 1

-6 -3 1

-7 3 1

END

90 '7 5 3

END

10. 6 -5 -3

6 -5 -3

END

11. 6 -5 -5

6 -5 -3

END

12. S 3 3

END

13. 8 5 3

END

16. 8 6 -3

END

15. 8 -3 -3

8 -3 -3

8 -3 -5

END

16. 6 -S -3



PROGRAM 7 Continued

Number

of group

170 8 ‘3 '3

8 -3 -3

END

18. 8 —3 -3

END

19. 6 h -3

END

20. 8 6 3

END

Chart 3. Results of Program Seven.

If the chords within any one group vary, as in the

first, third, and eighth groups, a chord progression repeti-

tion is indicated. To find the frequency of any progression's

repetition, count the number of groups in which the particular

progression occurs and add one. The chord progression, 5 O 0,

followed by a3 0 0, (listed twice), appears three times,

and the chord progression, -6 -3 0, followed by -7 3 0,

(listed once), occurs twice. All the numbers listed in Program

Seven can be interpreted by referring to Figure 9, page forty.

The first entry signifies the repetition of the

intervals of a perfect fifth followed by a minor third. This

progression appears four times, since it is denoted twice in

the table.

The first real chord progression is revealed in the

numbers, -6 -3 1, -6 -3 l, -7 3 l. The progression

of a minor sixth, minor third (first inversion major chord)
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followed by a major-minor seventh chord, -7 3 1, is

repeated twice. There are no other chord repetitions indicated.

The Hindemith roots of the chords are given in Program

Eight, on page 163, but they are still in code and need to be

translated. This is done by dropping the first digit (which

signifies in which octave it is located) of each number and

referring to the table below for the interpretation of the

last two digits.

C---------01 or 69 F# or Gb--O7 or 95

C} or Db--02 or 90 G---------08 or 96

D---------03 or 91 G# or Ab--O9 or 97

D# or Eb--O4 or 92 A---------10 or 98

E---------05 or 93 A# or Bb--ll or 99

F--------~06 or 94 B---------12 or 100

Figure 10. Table for de-coding numbers into notes.

On the next page a comparison is made of the Hindemith

roots from Program Eight, the lowest sounding notes, as given

in Program Five, and the roots as determined by traditional

analysis. The Hindemith roots are listed on the top line, the

lowest sounding notes on the second line, and the traditional

roots on line three in each case.

The frequency of roots appeared in the following order:

  

Hindemith roots ' Traditional roots

c#, 10 on, 4 C#. 10 G#, 6

F#, 9 a, 4 rs, 10 G, 1

B, 9 E# (F)3 B: 7 E#o 6

A, 8 C, 2 A: 5 D#: 4

D, 7 D#’ 1 D0 5 A#! 2

E, 6 E, 0 r1, 1

B#, 2

Chart 4. Frequency of root occurrence.



The modulations inherent in any fugual structure
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would distort the normal root occurrence that one would expect

to find in tonal writing.

 

 

 

 

 

 

 
 

 

  
 

 

     
 

Measure 1 2 3 4

C#

C#

Measure 5 6 7 8

F(E#)‘ B F# D D D A G D 4 ' rd B or G#

C .5 C95 F1; F4 D D D F 9‘ E-r“_ E} 4% E.# F; B G; 65:4

,Measure 9 10 11 12

C(B¥)C E C} A A A E F# A E D E F# G# C¢

- - - - - - - - - - - - - - - C#

G¢ G# C# C# B# B# D# E F¢ F# E D E F# G# C#

deasure 13 .14 l5 16

F F# F4 D G B C# B D A B A E C# F4

‘ F Ffl F# D D D C# B D C# B A B C# C#

‘1 E? F# F4 D G B A# B G# A B A A A B

easure 17 13—' 19 20

# E B C¥ B F# B D# B C# F# G 0% A 6% 6%

# E D C# B C# D D# D# E F# Gx G# A G# F#

_ 4 A# B C# B F# B D# D# C# D} F C} A G# G#

‘Tritone has no root.

Chart 5. Comparison of Hindemith-roots, lowest sounding notes,

and traditional roots.

The melodic intervals of each instrument of the String

Quartet are given in Program Nine under the appropriate headings:

I Violin, II Violin, Viola, and Cello. Also listed in the results

of Program Nine are the melodic intervals between the Hindemith

roots.

negative numbers.

movement, negative numbers upward melodic movement.

The melodic intervals are given as either positive or

The positive numbers indicate downward melodic

If the
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number lies between O-lOO, the melodic interval is within the

octave; if it is between 101 and 200, the melodic interval is

within two octaves; if between 201 and 300, three octaves.

The melodic intervals listed as results of Program

Nine are reduced and printed under appropriate headings in

Program Ten. Each type of melodic interval is given with the

frequency of its occurrence.

Five Frequency Tables from Program Ten Results

Pl m2 M2 m3 M3 P4 A4 P5 m6 M6 1117 M7 P8

I Violin

30 ll 10 3 2 O O O O l O O 0

~30 -8 -6 -2 -l -2 O O O -l O O -1

II Violin

27 9 6 4 2 O O 1 O O O 0 0

~27 -l3 ~6 ~4 -2 -l -l -l -l 0 O O «l

Viola

44 8 10 O 2 O O O O O O l O

—44 -3 -7 -2 -l O O -l O O O O -2

Cello

56 4 6 O l O O O O O O O O

-56 -7 -4 -2 -l O O O O O 0 O 0

Hindemith Roots

28 2 7 2 4 3 O 4 l O 6 O O

-25 -2 -3 —2 -5 -2 -l -7 -1 O 0 O -l

Chart 6. Frequency of melodic intervals.

Results of Program Ten begin with a listing of all the

melodic intervals in the first violin, i.e., melodic intervals

between coded notes. These melodic intervals are codified under
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the headings of perfect prime, minor second, major second, minor

third, etc., in the frequency table. It will be noted that

there are few large skips: one octave, one major sixth, and two

perfect fourths. The movement is very chromatic, as is shown

by the large number of minor seconds.

The last frequency table, denoting melodic intervals

between the Hindemith roots, reveals two progressions upward

(those indicated as negative numbers) and two downward of a

minor second. Seven progressions of a major second are downward,

and three are upward. Two progressions are up, and two are down

a minor third. Four are up a major third and five are down.

This reveals that the roots are progressing primarily in seconds

and thirds, as there are twenty-seven of these as against seven

progressions of a fourth or a fifth. Of the eight remaining

progressions, one is up a minor sixth, one down a minor sixth,

and six are up a minor seventh.

The results of the other compositions (Hindemith's

Kleine Kammermusic,_0pus 24, No. 2, Webern's Six Bagatellen

for String Quartet, Opus 9, Mozart's Symphony in G Minor,

Stravinsky's Symphony in Three Movements, and Schumann's

Papillons, Opus 2) are to be interpreted similarly to the

basic set just described, with the exception that Programs

Two and Three are usually combined into one program, called

Program Three.

Hindemith Quintet, Opps 24, No. 2

A selection from the Fifth Movement of Hindemith's
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Quintet, Opus 24, No. 2 was processed to test the analysis

programs for use with a five-voice, contemporary composition.

The page numbers locating the significant results are shown

below:

Program One, Harmonic Intervals, page 178

Program Five, Harmonic Analysis, page 195

Program Six, Repeated Chords, page 207

Program Seven, Repeated Chord Progressions, page 217

Program Eight, Roots of each Chord, page 224

Program Ten, Frequency of Melodic Intervals, page 233

Frequency of Upward and Downward Root Movements, page 235.

Program Five Results

The harmonic intervals as found in PrOgram Five are

listed below:

8. 8. 8. 6. 3. 6. 7. 6. 4. 6. 8. 8. 6. 3. 6. 8.

8. 8. 8. 6. 3. 6. 7. 6. 4. 6. 8. 8. 6. 3. 6. 8.

3. 3. 3. 2- 6- 2- 3. 2- 6. 2- 3. 3. 2- 6- 2- 3.

6. 6. 6. 6. 6. 6. 6. 6. 7- 6. 6. 6. 6. 6. 6. 6.

E E E D D D E D C+ D E E D D D E

Chart 7. Harmonic intervals of Program Five.

The sonorities listed in the table for Program Five show

only five different chords. The first is composed of an octave,

a major sixth, and a major third; it appears six times. Com-

posed of a major sixth and a minor second, the second chord is

repeated six times. The third chord has a major sixth, a minor

sixth, and a major third and appears twice. The last two

sonorities occur only once, the first being constructed of a

major seventh, a major sixth and a major third; the second of

a minor seventh, a major sixth and a perfect fourth.
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Webern: Quartet, Opusgfi

The Webern String Quartet had to be coded in eight

voices because of the many double stops employed. If double,

triple, or quadruple stOps are used in the strings, more than

one array will have to be reserved for each instrument. The

results are found on the pages listed below:

Piogram One, Harmonic Intervals, page 298

Program Five, Harmonic Analysis, page 313

Program Six, Repeated Chords, page 324

Program Seven, Repeated Chord Progressions, page 326

Program Eight, Roots of each Chord,:page 331

Program Ten, Frequency of Melodic Intervals, page 340

Frequency of Upward and Downward Root Movements, page 341.

In Program Four the numbers are reduced and arranged in

numerically descending order; in Program OMITT all interval repe-

titions are eliminated and the number of intervals is reduced

to four. These results are given in order to show that in the

reduction from seven to four intervals no significance was lost.

PROGRAM FOUR

8 3 0 o o o o

11 11 9 3 2 o o

12 12 8 7 7 o o

10 9 9 4 4 o o

8 6 o o o o o

11 11 8 8 3 3 1

11 11 10 5 5 3 3

11 11 10 9 9 5 5

7 7 7 7 4 3 3

9 8 '1 1 0 0 o



51

PROGRAM FOUR (Cont.)

7 l l O O O O

10 4 2 2 O O O

11 7 3 l- l 0 0

12 10 4 O O O 0

Chart 8. Results of Program Four.

PROGRAM OHITT

8 3 O O

11 9 3 2

12 8 7 0

10 9 4 0

8 6 0 0

ll 8 3 1

ll 10 5 3

11 10 9 3

7 4 3 0

9 8 l O

7 l O 0

10 4 2 0

ll 7 3 l

12 10 4 0

Chart 9. Results of Program OHITT.

Schumann: PapillonsI Opus 2

This piano composition was attempted in order to

demonstrate a different technique in coding. It was coded

horizontally rather than vertically. This was necessary since

most piano compositions do not have a clearly delineated number

of voices present throughout. The specific procedure is out-

lined in Chapter IV. The results are found on the pages listed

below: .

Program One, Harmonic Intervals, page 344

Program Five, Harmonic Analysis, page 363

Program Six, Repeated Chords, page 373

Program Seven, Repeated Chord Progressions, page 375.
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Proggam Seven Results

The numbers in the results of Program Seven must be

de-ccded before they can be interpreted. The first column

below shows the numbers as given in the results; the second

column reduces them to musical intervals.

 

Results Interpretation

12 7 4 8 5 3

12 8 3 8 6- 3-

12 9 5 8 6 4

END

12 7 4 8 5 3

12 8 3 8 6- 3-

END

12 7 4 8 5 3

12 8 3 8 6- 3-

END

Chart 10., De-coding of Program Seven results.

This shows that the progression of a major chord in

root position, 8 5 3, first inversion, 8 6- 3-, second

inversion, 8 6 4, occurs twice. The progression of a

major chord root position moving to first inversion occurs four

thDs

Mozart: S hon No. 40

A symphonic selection from the Classical Era was

analyzed. The third movement from Mozart's Fortieth Symphony

contains thirteen parts. The results are shown on the pages

listed below. It may be interesting to note that in Program

Eight the most important interval (in deriving the Hindemith

root) for each chord had to be selected from the seventy-eight

intervals present within every chord. In the Stravinsky
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selection there were 231 intervals for each chord. The high

speed of the digital computer made this a relatively simple

task.

Program One, Harmonic Intervals, page 239

Program Five, Harmonic Analysis, page 259

Program Six, Repeated Chords, page 271

Program Seven, Repeated Chord Progressions, page 279

Program Eight, Roots of each Chord, page 285

Program Ten, Frequency of Melodic Intervals, page 293

Frequency of Upward and Downward Root Movements, page 294.

Egot Movement Analyses

The graph below outlines the root movement that is

shown in the results of Program Ten under the headings,

Hindemith Roots and Melodic Intervals:

Chromatic scale

Beat 

Chart 11. Graph showing root movement. The lines in the

table represent distances up or down in half steps.
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The root mOVements here, in contrast to the contemporary

compositions, have no minor seconds. There are two movements

of a major second, four of a minor third, two of a major third,

one of a perfect fourth up, and one each up and down of a

perIOCt fifths

Stravinsky: Symphony in Three Movements

A contemporary composition of large proportions is

used to test the versatility of this basic analysis method.

Chosen for this was a small portion of Stravinsky's Symphony in

Three Movements, with twenty-one voices. The results are shown

on the pages listed below:

Program One, Harmonic Intervals, page 381

Program Five, Harmonic Analysis, page 409

Program Six, Repeated Chords, page 419

Program Seven, Repeated Chord Progressions, page 421

Program Eight, Roots of each Chord, page 429 \

Program Ten, Frequency of Melodic Intervals, page 439

Frequency of Upward and Downward Root Movements, page 439.

A chart of the analyzed chords made from the results of

Program Five is provided on the next page to show the information

in another form.

Three major chords are listed in the results of Program

Five (8 3, 8 3, 8 6 4). Two major chords with an added major

second (8 5 3 2) and two chords composed of a perfect fifth

and major seventh are also evident. One chord has only a minor

sixth; one a major sixth, minor third and major second; and

one a perfect fourth and major second.
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Octave

Seventh

Fourth

 
Chart 12. Analyzed chords from Program Five results.



CHAPTER IV

DATA PREPARATION AND USE OF THE ANALYSIS PROGRAMS

The programs developed in this study may be used

again and again to analyze pieces of music similar to those

illustrated herein. The Quartet programs and accompanying card

decks will be on file, with instructions for their use, with

the librarian at the Computer Center.

In addition to the program it is necessary to have the

data furnished from a given piece of music. The charts and

tables deve10ped in this chapter are to aid in setting up the

data sheet from which the Fortran Statement cards are punched.

Although it is possible to punch the cards directly from the

music, it may be done more easily and quickly from a data sheet.

This sheet may be prepared for each instrument and for the array

INFO. INFO records the metrical position of the chords to be

analyzed, but is used only in Program Five.

The tables in this chapter are based on the eighty-column

Fortran Statement cards. This is the type of IBM card used at

Michigan State University on which all data to be used in

conjunction with these analysis programs is to be punched.

These cards may be punched in the data preparation room of

the Computer Center.

The instructions of the program are terminated by a

card punched with the word IND. A blank card is placed

56
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between this card and the beginning of the data, which is

also punched on IBM cards.

For use in making up the data sheets there is in each

unit of the tables a five- or six-digit number, depending on

the program. Notes coded with six digits use the following

form:

lst digit 2nd digit 3rd digit 4th digit 5th digit 6th digit

Octave Chromatic scale Octave Instrument number

number degree number

Notes coded with five digits use this form:

lst digit 2nd digit 3rd digit 4th digit ,5th digit

Octave Chromatic scale Octave Instrument

number degree number number

The array INFO also uses five digits, according to

Figure 11:

let digit 2nd digit 3rd digit 4th digit 5th digit

Measure number requires three Position of the note

digits within the measure

Figure 11. Coding system for INFO.

The array INFO is regular if the same number of chords

are analyzed in each measure and if the chords analyzed are

uniformly spaced. An irregular INFO has a varying number of

chords per measure, or the analysis may be made of irregularly

spaced chords, or both. In this case only the positions of the

chords analyzed are recorded in INFO.

Double bars in the charts indicate the end of a measure.
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For the chamber works and the symphonic compositions

each part or instrument is coded separately. Piano music,

which does not use a pre-determined number of voices, requires

a vertical reading of each chord. In the analysis of piano

music, eight places are reserved for each chord. Even if there

are more than this number of notes present in a chord, it is

assumed that there are some repeated notes, and these would be

omitted.

Additional arrays needed for Program Eight are named

MOE, JOE, NOE, and LOE. This is true for Program Eight in all

the pieces of music. Beginning with column one on four Fortran

Statement cards, the following numbers are to be punched. (A -

indicates a blank space.)

MOE (first card) --7--5--4--8—-3--9--2-10--1

JOE (second card) --0--3--4--7-10-ll-12

ROE (third card) --l--2--5--8--9

LOE (fourth card) --6

Program One was processed twice, first with a set number

(eighty) of chords to be analyzed and secondly, with the possi-

bility of analyzing a varying number of chords. The first program

in Chapter VII is the variable one. Following it is the set

program of eighty chords. To increase or decrease the amount of

data in the variable program, refer to statement number 104 in

the variable Program One. This statement controls the amount of

data that can be used. (LRETET - 5) will allow for 400 chords.

The digit five controls the multiples of eighty chords that
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will be processed. If the five is changed to four, for

instance, the program will process only 320 chords.

Charts and Tables for Data Preparation

Beethoven's String Quartet in C# MinorL Opus 131, First Movement

(Four voices) Pages 77 to 174.

   

Array namg§_ Instrument Instrument's numbeg

MUS I violin ' 1

NOTE II violin 2

KLANG Viola 3

LONG Cello 4

Figure 12. Classification of instruments.

Below is the INFO for the first eighty chords (twenty

measures). Two lines of the table equal the information for

one IBM card.

INFO

 

00111 00112 00121 00122 00211 00212 00221 00222

 

00311 00312 00321 00322 00411 00412 00421 00422

 

00511 00512 00521 00522 00611 00612 00621 00622

 

00711 00712 00721 00722 00811 00812 00821 00822

 

00911 00912 00921 00922 01011 01012 01021 01022

 

01111 01112 01121 01122 01211 01212 01221 01222

 

01311 01312 01321 01322 01411 01412 01421 01422

 

01511 01512 01521 01522 01611 01612 01621 01622

 

01711 01712 01721 01722 01811 01812 01821 01822

  01911  01912  01921  01922  02011  02012  02021  02022   
Figure 13. Form for coding INFO and instruments.
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PROGRAN. INPUT OUTPUT ORDER

UMBER PUW' or EXE-

Order of data PRINT CARDS T0: CUTION

I MUS, NOTE, KLANG, LONG Yes II; Remove 1

last 5

for Va.

II Output from I No III 2

III iOutput from II Yes IV and V 3

IV IOutput from III Yes VI and VII 4

Va Last 5 cards from Output I No V 2

V INFO, MUS, NOTE, KLANG Yes None 4

JOutput from Va and III ’

VI lOutput from IV ' Yes None 5

VII IOutput from IV Yes None 5

VIII ne card each from MUS, Yes IX 1

OTE, KLANG, LONG. Repeat

until all cards are used.

fter the first LONG in-

ert MOE, JOE, KOE, and

E.

IX IUS, NOTE, KLANG, LONG Yes X 2

utput from VIII

  x Lutput from IX Yes None 3     w v

Figure 14. Master plan for data movement.

Hindemith's Quintet, Opus 24, No. 2, Fifth Movement

(Five voices) Pages 175 to 235.

  

Array names Instrument Instrument's number

MUS Flute 1

NOTE Oboe _ 2

KLANG Clarinet 3

KORN Horn 4

LONG Bassoon 5

Figure 15. Classification of instruments.
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Below is the INFO for sixty-four chords (sixteen measures).

Two lines of the table equal the information for one IBM card.

 

 

 

 

 

 

  
 

 

 
 

 
 
       

 

   

 

 

 

 

 

 

 

  
 

 

  
 

INFO

00111'0014 00211 00241 00251 00261E90311‘

00551 0056 00411 00441 00471 00481 0

00541 00611 00651 00641 00661 00711

00761 00811 00841 00861 00911 00951 00941 00961

00971 0099 01011 01041 01111 01141

01211 01241 01251 01261 01311 01341

01391 01411 01421 01431 01441 01451

01521 01531 01541 01551 01561 01611

Figure 16. Form for coding an irregular INFO and instruments.

r A

PROGRAM INPUT OUTPUT ORDER

NUMBER PUNCHED OF 3x3-

Order of data RINT CARDS TO: CUTION

I MUS, NOTE, KLANG, KORN, and Yes III; Remove 1

LONG last 4

for Va

III Output from I Yes IV and V 2

IV Output from III Yes VI and VII 3

Va Last 4 cards from Output I To V 2

V INFO, MUS, NOTE, KLANG, Yes None 3

KORN

Output from Va and III

VI [Output from IV Yes None ‘ 4

VII [Output from IV Yes None 4

VIII One card each from MUS, Yes IX 1

NOTE, KLANG, KORN, and

LONG. Repeat until all

cards are used. After the

first LONG, insert MOE, JOE"

KOE, and LOE.

Ix 03, NOTE, KLANG, roan, and Yes x 2'"1

LONG. Output from VIII

X JOutput from IX Yes None 3 .

1 I     
 

Figure 17. Master plan for data movement.
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Webern's String_2uartet, Opus 9, Third Movement (Eight voices)

Eight, rather than four, parts are reserved because of the many

double stOps in each instrument. Refer to pages 295 to 340.

   

Array names Instrument Instrument's number

MU I violin 1

MUS I violin 2

NO II violin 3

NOT II violin 4

KL Viola 5

KLA Viola 6

L0 Cello 7

LON Cello 8

Figure 18. Classification of instruments.

Below is the INFO for thirty-three chords (eight measures).

One line of the table equals the information for one IBM card.

INFO

 

 

00121 00122 00213 0022 "00311 00313 00314 00321100323W00411l00412l

   

      

00421 00422 00423 00513'00514 00521 00523 00611]00613 0062 00711]

00714 00722 00723 007241130811 00812 00814 00821100822IOO824] 00911]  

Figure 19. Form for coding an irregular INFO and instruments.

 

 

 

 

 

  

EROGRAM INPUT OUTPUT ORDER-“'1r

NUMBER PUNCHED OF EXE-

Order of data PRINT CARDS TO: CUTION

I HMU, MUS, N0, NOT, KL, KLA, Yes 111; Remove 1

L0, and LONG last 3

cards

for Va.

III Output from I Yes IV 2

IV Output from III Yes OMITT 3

4    
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PROGRAM INHUT OUTPUT ORDER

NUMBER PUNCHED OF EXE-

Order of data PRINT CARDS TO: CUTION:;

Va Last card from Output I None V 2

OMITT Output from IV No IIIa 4

111a Output from OMITT No V 5

V The information from OMITT and IIIa is processed through

WI Programs, V, VI, and VII of the Hindemith Quinta .

VII

VIII One card each from MU, MUS Yes IX 1

NO, NOT, KL, KLA, L0, and

LON. After the first LON

insert MOE, JOE, KOE, and

LOE.

IX Any four voices may be chosen for melodic analysis

I along with the Hindemith roots and processed through

the String guartet programs IX and X.  
 

Figure 20. Master plan for data movement.

Monart's Symphony in 6 Minor, No. 40

(Thirteen voices)

Array names

MU

MUS

MUSI

MUSIC

NO

NOT

NOTE

Pages 236 to 29%.

Instrument Instrument's number

.
.
a

Flute

I oboe

II oboe

I clarinet

II clarinet

I bassoon

II bassoon

‘I horn

II horn

I violin

II violin

Viola

Bass 1)

Classification of instruments.

O
©
m
fl
®
W
¢
V
N

K
H
Z
"

Figure 21.



Two lines of the table equal the information for one IBM card.

6#

Below is the INFO for twelve chords (four measures).

 

 

       

 

 

       

 

 

 

 

 

 

 

    
 

 

 

INFO

00111 00121 00131W00211 00221|00231

00311 00321 00531 00411 00R21|00431

Figure 22. Form for coding INFO.

INFO has five digits, and the instruments require six

digits e

I

Figure 25. Form for coding instruments.

PROGRAM] INPUT OUTPUT ORDER

NUMBER PUNCdED OF EXE-

Order of data PRINT CARDS TO: CUTION

I MU, MUS, MUSI, MUSIC, NO, Yes III; Remove 1

NOT, NOTE, KL, KLA, LO, last card

LON, LONG, and LONGA. for Va.

All of each array togethen

III Output from I Yes IV and V 2

IV Output from III Yes VI and VII 3

Va Last card from Output I None V 2

OMITT Output from IV No IIIa h

IIIa Output from OMITT No V 5

V . The information from OMITT and IIIa is processed

VI through Programs V, VI, and VII of the Hindemith

VII Quintet.

VIII MU, MUS, MUSI, MUSIC, NO, Yes IX 1

NOT, NOTE, KL, KLA, L0,

LON, LONG, and LONGA.

After the first LONGA

insert MOE, JOE, EOE, LOB.

IX Any four voices may be chosen for melodic analysis

I along with the Hindemith roots and processed through

the String Quartet programs IX and X.    
Figure 24.

’

Raster plan for data movement.
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Stravinsky's Symphony in Three Movements

(Twenty-two voices) Pages 376 to 439.

 

Array names Instrument Instrument's number

MUSA I flute l

MUSB II flute 2

MUSC I oboe 3

MUSD II oboe k

MUSE I clarinet 5

MUSG II clarinet 6

MUSH I bassoon 7

MUSI II bassoon 8

KORA I horn 9

KORB II horn lO

KORC III horn ll

KORE IV horn 12

NOTA Piano 15

NOTB Piano 14

NOTC Piano 15

NOTR Harp l6

NOTP Harp l7

LONA I Violin 18

LONB II Violin l9

LONC Viola 20

LOND Cello 21

LONE Bass 22

Figure 25. Classification of Instruments.

On the next page is the INFO for sixteen chords (two

measures). Two lines of the table equal the information for

one IBM card.
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00111 00112 00115 00114 00121 00122 00123 00124

 

 00211   
00212 00215

 
00214

 
00221

 
00222

 
00223

   
00224
 

Figure 26. Form for coding INFO.-

INFO has five digits, and the instruments require six

digits followed by four spaces.

 

 

 

 

  
 

  
 

 

 

 

 

 

 

 

    
 

---- ==-- ----

Figure 27. Form for coding instruments.

PROGRAM INPUT OUTPUT ORDER

NUMBER PUNCMED OF EXE+

Order of data PRINT CARDS TO: CUTION

I MUSA, MUSB, MUSC, MUSD, Yes III; Remove 1

MUSE, MUSG, MUSR, MUSI, last 2

KORA, KORE, KORC, NORE, cards for

NOTA, NOTB, NOTC, NOTR, Va

NOTP, LONA, LONB, LONC,

LOND, and LONE.

All of each array together

III Output from I Yes IV and V 2

IV Output from III Yes VI and VII 3

Va Last two cards from None V 2

Output I

OMITT Output from IV No IIIa 4

IIIa Output from OMITT No V 5

V The information from OMITT and IIIa is processed

VI through Programs V, VI, and VII of the Hindemith

VII  Quintet.  
 



5?

 
 

 

 

     

PROGRAM INPUT OUTPUT ORBER‘OF"

NUMBER PUNCHED '"” EXE-

;:grder of data PRINT CARDS TO: CUTION

VIII MUSA, MUSE, MUSC, MUSD, Yes 11 l

MUSE, MUSG, MUSH, MUSI,

KORA, KORB, KORC, KORE,

NOTA, NOTB, NOTC, NOTR,

NOTP, LONA, LONB, LONC,

LOND, and LONE.

MOE, JOE, KOE, LOE.

Ix Any four voices may be chosen for melodic analysis

X along with the Hindemith roots and processed through the String Quartet programs IX and X.  
 

Figure 28. Master plan for data movement.

Schumann's piano composition, Papillons, Opus 2

(Eight voices) Pages 342 to 375.

 

Array name Instrument

LUM Piano

Figure 29. Classification of instruments.

Below is the INFO for fifteen chords (five measures).

Two lines of the table equal the information for one IBM card.

INFO

 

00111 00121 00131 00211 00221 00231 00311 00321

[99331 00411 00421 0043 00511 00521 00531 -----

Figure 50. Fomfor coding INFO

  

          
 

Each chord is coded by starting with the t0p note and

reading down. If spaces remain in the table, fill them each

with four zeros and the number of the column. For instance, if

a chord contains only four notes, the line might read:

50751 41042 40345 30534 00004 00006 00007 00008.
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Fifteen chords, five measures.

the information for one

Column 1 4

IBM card.

One line of the table equals

 
 

 

 

 

 

 

 

 

    
  

Figure 51. Form for coding the piano part.

PROGRAM INPUT OUTPUT _‘7 ORDER

NUMBER PUNCHED OF EXE-

Order of data PRINT CARDS T0: CUTION

I LUM Yes I; Remove 1

last card

for Va.

II LUM Yes V and VIII 2

and IX

III Output from I Yes IV 5

IV Output from III Yes OMITT 4

Va Last card from Output I None V 4

OMITT Output from IV N0 IIIa 4

IIIa Output from OMITT No V 5

The information from OMITT and IIIa is processed

I through Programs V, VI, and VII of the Hindemith

II Quintet.

  Any four voices may be chosen for melodic analysis

and processed through the String Quartet programs IX, X.  
Figure 32. Master plan for data movement.



CHAPTER V

AN APPLICATION OF COMPUTER LOGIC TO A CREATIVE PROBLEM IN MUSIC

The first and longer problem of this research has

been to develop a method of musical analysis using the

electronic computer. The other problem is to employ the

electronic computer to provide a basis for finding all the

possible symmetrical twelve-tone rows through the develOpment

of one particular symmetrical twelve-tone row.

A symmetrical twelve-tone row is formed when the

twelve different notes present in a chromatic scale are

arranged so that the intervals between each of the last six

notes are in reverse order to that of the intervals between

each of the first six notes.

The serial composer is interested in tone rows with

maximum permutation possibilities. The patterned rows, such

as a symmetrical twelve-tone row, seem to possess inherently

this quality of permutability. The reason this is true is that

twelve-tone music must be logically conceived, and an accent on

patterns in the row makes the logic more perceivable to the

listener.

In this chapter there are four programs written to

explore all the possible twelve-tone row combinations and to

69
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process one such combination. Program 56T is designed to find

all the possible sets of notes that may be present in the

first six notes of a tone row. Only the rows beginning with

the note C (represented by the number 1) are investigated.

All other possibilities are the eleven transpositions of each

of these rows. The results of Program 56T show 462 basic

sets on pages 441 to 455. There is no more use for this

program.

None of the 462 basic sets of numbers resulting from

PrOgram 56T contains exactly the same set of numbers. Even

when C is kept as the first note of all the rows, there are

yet 120 different combinations or arrangements of each of the

402 basic sets. This means that there are 55,440 different

possible sequences for the first six notes of a tone-row. It

is not possible within the scope of this research paper to

investigate all 55,440 sets of notes to find how many of these

have one or more symmetrical tone-row possibilities; however,

the four programs of this chapter are designed for use in a

research problem such as this.

Program Retro-A is set up to find 120 arrangements

of any of the 462 basic sets. From arrangements of the second

half of the row, Program Retro-Romper discovers and prints out

all the possible solutions for any one set. The printed out-

put of the program is given in sets of six numbers. These

six numbers are reversed and matched to the set of six notes

that is being investigated to form the symmetrical tone-row.

To discover if there is an arrangement of the second half of
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a row which will, with the first half, form a symmetrical

twelve-tone row, Program Retro-Kempar is used in conjunction

with Retro-A.

Program Retro-H prints out the remaining six numbers

that complete any twelve-tone row. This program is practical

only if a large quantity of rows are processed.

An example will help to clarify the procedures used

in developing one symmetrical twelve-tone row. The first

six numbers (notes) of a row are given. For example, let the

numbers be 1, 4, 6, 2, 5, and 9. The remaining numbers of the

row are 3, 7, 8, 10, 11, and 12.

Program Retro-A is processed six times. Each time

the first figure of the second half of the row is a different

member of the group 3, 7, 8, 10, 11, and 12. It is immaterial

in what order the other numbers follow. The arrangement may

be as follows:

3,795,10,11,12

7,8,10,11,12,3

8,10,11,12,).7

10,11,12,3,7,8

11,12,3,7,8,10

12,3,7,8,10,11.

To prepare the data each time for Retro-A, three

Fortran Statement cards are necessary with one particular

set of numbers arranged as shown in the following table:

Card 1 A B D E F Original order

Card 2 B C E F1 Rearrangement

C

D

Card 3 C D E F B C E C Rearrangement

3.Figure 3 Order of numbers.
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In the table below the first set of numbers are for

Card 1. On cards 2 and 3 substitution of numbers for letters

is made by referring to the relationships established on Card 1.

Card 1 A B C D E F

3 7 8 10 ll 12

Card 2 B C D E F

7 8 10 ll 12

Card 3 C D E F B C D E

8 10 ll 12 7 8 10 11

Figure 34. Substitution of numbers for letters.

In punching data for Retro—A, one-digit numbers are preceded

by two spaces, two-digit numbers by one Space. The combined

six sets of results obtained from Retro-A comprise 720 arrange-

ments of 3, 7, 8, 10, 11, and 12.

In Retro-Kempar intervals between members of the row

are found by subtracting successive numbers. The intervals

present between 1, 4, 6, 2, 5, and 9 are 3, 2, 4, 3, and 4.

In this program it is determined whether this same set of

intervals is present in any one of the 720 arrangements of

3, 7, 8, 10, 11, and 12. Program Retro-Konpar is run six times,

also. Each time, 120 cards from Retro-A are followed by a

card punched with the desired intervals. The spacing for the

intervals on a Fortran Statement card is:

---3---2---4---3---4.

This card is used each of the six times following the sets

of 120 cards. As in the analysis programs, a blank card is

included between the END card of the instructions and the

beginning data card.
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There is only one arrangement of this particular tone

row that will give the desired intervals. It is found in the

fifth set of numbers; therefore, Only the fifth trial has a

print-out. The results are 7, 10, 8, 12, 3, and 11. A sym-

metrical twelve-tone row of l, 4, 6, 2, 5, 9, 11, 3, l2, 8,

10, and 7 is formed by reversing the order of the results

of the program and attaching it to the first half of the row.

Program 56T is found on pages 440 to 455, Program

Retro-H on pages 456 and 457, Program Retro-A on pages 458

to 464, and Program Retro-Kompar on pages 465 to 471.

There are many other interesting twelve-tone row

combinations that could be investigated with the aid of the

electronic computer. For instance, tone-rows in which all

eleven intervals are prescribed, or in‘which each interval

becomes progressively larger or smaller, could be found. It

is entirely possible that a study of tone-row permutations

could be made. Thus it can be seen that the computer can

be of immense aid to the serial composer by providing tone-

rows built to his specifications.



CHAPTER VI

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study has been to show how an

electronic computer may be used to analyze music, and to

develOp a symmetrical twelve-tone row for the use of the

serial composer. To introduce the problem a very brief

historical summation of the history of analysis was made.

After pointing out the need for a speedier method of analysis

and one that could be used for the music of any period, a

method using the electronic computer was proposed.

The chapter on methodology included instructions as to

programming and coding and an example to show how both are done.

Of the various phases of a musical analysis the following were

processed through a computer:

1) Harmonic Intervals, with rhythmic, octave, and

instrument locations

2) Frequency of Chord Repetition

3) Repeated Chord Progressions

4) Hindemith Roots

5) Melodic Intervals (also for Hindemith roots)

6) Frequency of Melodic Intervals (also for Hindemith

roots).

7)
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Each of these was handled in one or more Specific

programs listed as Programs One, Two, Three, etc. What each

program accomplishes was outlined in detail. To show the

applicability of computer analysis to various styles and a

varying number of voices (from four to twenty-two), several

compositions from different historical periods were processed,

utilizing the ten basic programs.

The card decks with instructions for their use are on

file with the librarian of the Computer Center at Michigan

State University. Chapter Four explains the method of

preparation of the music and how to use the data within the

various programs.

An application of computer logic to a creative problem

in music was described. To provide the serial composer with

a desired kind of patterned row, it was necessary to sort

out the correct solution from among the many, many possi-

bilities.' The electronic computer was the obvious choice for

this involved, mathematical computation. Using this machine

a symmetrical twelve-tone row was built: 1, 4, 6, 2, 5, 9,

ll, 3, 12, 8, 10, 7. This experiment also prepares the way

for building other patterned rows using the electronic computer.

In a search for the most satisfactory method of

analysis there are two qualities which are obviously

desirable: maximal speed and universal applicability. Roman

numeral analysis is not compatible with contemporary compo-

sitional practices, but an analysis of intervals with Arabic
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numerals may be applied to the vertical sonorities of music of

all periods. Since the outstanding characteristic of the

electronic, digital computer is its ability to compute Arabic

numerals at a high rate of speed and with a high degree of

accuracy, the major conclusion of this study is that musical

analysis may be most easily, quickly, and accurately done on

a high-speed electronic digital computer. In addition the

electronic computer codifies the results in a readable and

meaningful form.

It is quite possible that a trained analyst could take

a movement from a string quartet and write a harmonic analysis

below the chords as fast as one could code the material needed

for computer analysis. It would not be possible for him,

however, in the same amount of time to put the material into

tables showing the harmonic structure, the lowest-sounding note,

the chord's location, instrumentation and octave registration,

to make a listing of the roots as found by the Hindemith method,

to locate all repeated chords and chord progressions, and to

present the frequency of melodic intervals used in any voice

as well as a record of upward and downward root movement.

The high speed of the digital computer enables it to

solve with ease problems in selection. For this reason it is

to be concluded that creative problems in music which involve

many choices and rejections afford an Opportunity for the use

of the computer.
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Many other musical experiments are possible with the

aid of the electronic computer. After completion of the present

study, it now seems possible that a harmonic analysis could be

accomplished with would give results in traditional Roman

numerals. It is also probable that an extensive program could

be devised that would locate and identify non-harmonic tones

in a particular style of composition. ”Both of these programs,

Roman numeral analysis and an analysis of non-harmonic tones,

can be built upon the foundations laid in this research.

Since some work is being done in the field of

literature concerning authorship identification, a similar

procedure could probably be worked out in music.

One of the tasks in which the computer excels because

of its speed is classification of data. It would seem, there-

fore, that a codification of contemporary techniques is now

possible. This would be invaluable to both musicologists

and composers.

A comparative study of the styles of different

composers is easily within the realm of possibility.

On an analog computer it may be possible to show line

plots of melodies for classification and comparison.

It is difficult to keep pace with a field which is

progressing and expanding at such a rapid rate, but the

serious musician will want to be continually alert to the

many possible applications of the electronic computer to

music.
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