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ABSTRACT

Computer programs that facilitate analysis of atonal music
are indispensable tools for music theorists. However, most
of the programs currently available on the Web are limited
to the derivation of 7, /T,I types and interval vectors and
basic twelve-tone operations and cannot handle rotational
arrays of tone rows, transformational relations between pc-
sets, and so on. By contrast, “JDubiel,” written in Java, is
platform-independent, easy to use, and ready for almost all
analytical techniques employed in pc-set theory and trans-
formational theory.

1. INTRODUCTION

Since pitch-class set analysis (“pc-set analysis” for short)
involves a number of tedious, mechanical arithmetic calcu-
lations, it seems quite natural that many computer programs
have been written to assist music theorists and composers. '
Although Brinkman’s programs[2] provide us with various
useful functions, they utilize bit-map operations, which run
faster with a trade-off of a lack of portability because of their
reliance on hardware-specific features. Recent advances in
microprocessors seem to make such an approach unneces-
sary. Castine[3] extended Brinkman’s work and brought
object-oriented features into his own program. His program,
however, no longer runs on the latest platforms. The Hum-
drum Toolkit, developed by Huron[6], is perhaps the most
versatile and comprehensive software package for music re-
search. It requires, however, basic shell commands and seems
to have a rather steep learning curve. “Macset,” written
by Kuuskankare, Castrén, and Laurson[7], seems to be a
highly comprehensive program but is currently not available
online. Other currently available programs include: Frans
Absil[1], Jay Tomlin[14], Andreas Helmberger[5], Marcus
Uneson[15]. Most of these are limited to the derivation of
T,/ T.I types, or classes of transpositionally or inversion-
ally equivalent pc-sets, and interval contents of given pc-
sets. Music theorists and composers today need some other

IPc-set analysis employs analytical methods developed in pitch-class
set theory. Pc-set theory is a powerful representation scheme that facili-
tates notational economy and taxonomies of pitch materials and very use-
ful for finding properties of and relations between pc-sets. Rahn[11] is an
excellent textbook on pc-set theory.
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functions as well to apply analytical and compositional tech-
niques developed by Forte[4], Lewin[8], Morris[10], and
Rahn[11]. In short, we still need a computer program that
is platform-independent, easy to use, and ready for all ana-
Iytical techniques employed in current pitch-class set theory
and transformational theory. For these reasons, I have devel-
oped “JDubiel.”? Since the Internet is a common research
tool among music theorists, JDubiel is written as a Java ap-
plet so that it is platform-independent and can easily be used
on a Web browser by those theorists and composers who are
unfamiliar with UNIX commands and shell programming.

2. THE MENU HIERARCHY OF JDUBIEL

Music theorists analyzing atonal compositions usually try to
find properties of pc-sets, relations between pc-sets or tone
rows, and so on repeatedly and switch back and forth be-
tween a program for analysis and a text editor a number of
times. It seems, therefore, desirable for JDubiel to consist
of separate, small windows each of which is dedicated to a
family of similar functions.

‘When JDubiel is launched, the main menu window, as
in Figure 1, shows up.

JDubiel v.0.7: Menu 1

JDubiel Edit Unordered Ordered Composers MIDI

Figure 1. JDubiel Main Menu.

Pull-down menu “JDubiel” has submenus “About,” “Acknowl-
edgments,” “Help,” and “License” and pull-down menu “Edit”
has the standard “Cut,” “Copy,” and “Paste.” “MIDI” capa-
bilities are not yet implemented. All the functionality for
pc-set analysis is provided in the windows launched through
submenus in “Unordered,” “Ordered,” and “Composers” pull-
down menus. The menu hierarchy is shown in Table 1.

Brief descriptions of functions available in those windows
are given in Section 3.

2JDubiel is available online at: http://music.columbia.edu/
~akira/JDubiel/. JDubiel is named after Prof. Joseph Dubiel of
Columbia University, with whom I was privileged to study pitch-class set
theory. Joe generously granted me permission to use his name.
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Main menu Submenu 1 Submenu 2
Unordered Properties
Relations
n Lists
Tables of 7,,/T,I Types Trichords
Tetrachords
Pentachords
Hexachords
Septachords
Octachords
Nonachords
Ordered Relations
Lists
Twelve-Tone Operations
Composers Stravinsky
Schoenberg
Webern
Berg

Table 1. List of Pull-Down Menus.

3. THE FUNCTIONALITY OF JDUBIEL

3.1. “Unordered”

3.1.1. “Properties”

With a “Properties” window, one can find, as Figure 2 shows,
various properties of a given pc-set. In this particular ex-
ample, the window shows properties of C harmonic minor
scale, {0,2,3,5,7,8,B}, as an unordered pc-set.> Every ap-
plication for pc-set analysis currently available on the Web
has similar capabilities.

Unordered Set Properties 1
" pC-Set ¢ [0235788
Find
g Forte Name:  7-32
Clear Ty
- Tn Type: 0134689
Tnl Type: 0135689
Tn/Tnl Type: 0134689
I-Vector: 335442
M7/M71: N/A
Symmetry: 1,0
Combinatoriality: N/A

Figure 2. Properties of the Harmonic Minor Scale.
3.1.2. “Relations”

In this window, one can find inclusion and transformational
relations between any unordered pc-sets. For example, Fig-

340 is assigned to pitch-class C and base-12 is employed throughout
this paper.
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ure 4 shows that the pc-set in the third measure from Schoen-
berg’s Drei Klavierstiicke op.11/1 (see Figure 3)
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Figure 3. Schoenberg’s Drei Klavierstiicke op.11/1.

{A9,1,5,4}, 5-22, is a subset of D harmonic minor scale,
that is, C harmonic minor scale {0,2,3,5,7,8,B} by 7».4

Unordered Set Relations 2

PC-Set 1: 0235788 PC-Set 2: A9154

—
_ Find their relations under:
Clear VT T MM
k n
[ shared subsets of sizes k to n: 3 ';' 3 ';
"] shared supersets of sizes k to n: 8 ‘;' 8 g'
Found:
{A9154} is a subset of {023578B} under:
T2: {24579A1}
{A9154} is a subset of {023578B} under:
TOI: {0A97541}
C S<l>

Figure 4. Relations between Two Unordered PC-Sets.

3.1.3. “Lists”

Figure 5 shows invariants of {0,2,3,5,7,8,B}, that is, C har-
monic minor scale, under 7 through 77, and 71/ through
T 1.3

3.14. “Tables of T,/ T,I Types”

One can copy and paste pc-sets and interval vectors listed
in the Tables of T,/T,I Types windows of trichords, tetra-
chords, pentachords, hexachords, septachords, octachords,
and nonachords to other windows (see Figure 6).

4Refer to Forte[4] for the list of the names of pe-sets such as 5-22.
S“Invariants” are the members of the subset of a pc-set that remain un-
changed under transposition or inversion.
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3.2. “Ordered”

In addition to the same functions as those provided by the
“Unordered” family, “Ordered” ones offer those for rota-
tions, retrograde forms, and matrices of sequences and op-
erations dealing with P-, R-, I-, RI-, and IR-rotational arrays
and four-part arrays of tone rows. Array-related functions
are demonstrated in the following section.

Unordered Set Lists 1
Unordered PC-Set: 0235788
Find
—_— pc-sets under
~ Clear k n
] Tk to Tn: 6/ s
[ Tki to Tn: 62 6l
"] Mk to Mn: 7 '? 7 (?
invariants under
¥ Tk to Tn: 1|3)[ 11]6)
¥ Tkl to Tn: 1)@ 1]
"] Mk to Mn: 6 'v? 6 (?
) subsets of size: 3 (?
) supersets of size: 7 (?
C DR
Found:
Invariants under:
T1:{380}
T2:{257}
T3:{3588B2}
T4:{7B03}
T5:{5780}
T6:{8B25}
T7:{7023}
T8:{8B37}
T9:{B0258}
T10: {035}
T11-{R2 7}
( ) < »

Figure 5. Invariants of a PC-Set under Transformations.

3.3. “Composers”

“Composers” menu consists of “Stravinsky,” “Schoenberg,”
“Webern,” and “Berg” windows, which store the complete
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Tn/Tnl Septachords 2

Forte Name Tn/Tnl I-Vector Symmetry
7-20 [0124789] <433452> 1,0
7-21 [0124589] <424641> 1.0
7-22 [0125689] <424542> 1,1
7-23 [0234579] <354351> 1.0
7-24 [0123579] <353442> 1,0
7-25 [0234679] <345342> 1.0
7-26 [0134579] <344532> 1,0
7-27 [0124579] <344451> 1.0
7-28 [0135679] <344433> 1,0
7-29 [0124679] <344352> 1.0
7-30 [0124689] <343542> 1,0
7-31 [0134679] <336333> 1.0
7-32 [0134689] <335442> 1,0
7-33 [012468A] <262623> 1,1
7-34 [013468A] <254442> 1,1
7-35 [013568A] <254361> 1,1
7-736 [0123568] <444342> 1,0
7-237 [0134578] <434541> 1,1 A
7-738 [0124578) <434442> 1,0 v

Figure 6. List of 7,,/T,I Septachords.
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Figure 7. The First Four Measures from “Libera me.”

lists of the twelve-tone rows employed by these composers.®

With these windows, one can perform analyses that are oth-
erwise hard to be done. For example, although Spies[12]
observes:

The four-part simultaneities in the “Libera me”
[from Stravinsky’s Requiem Canticles] are as
difficult (or impossible) to relate to the serial
chart as the eight, seven, five, and four-factor
whole-note chords in the “Postlude.” (120)

With the aid of JDubiel, one can successfully identify the
affiliations of most chords, pc-sets, hexachords, and series
forms in Stravinsky’s twelve-tone compositions. As Straus
[13] points out, Stravinsky chose tone row < 508942138647 >
for “Libera me” (see Figure 7). Figure 8 shows that pc-set 4-
13, or {B,0,6,9}, in the second measure is derived from the
second half of the tone row, that is, hexachord < 138647 >,
by 75 and the first half, < S0B9A2 >, by T111.

4. CONCLUSION

I have developed a new software tool that can handle most
analytical techniques employed in pc-set theory. At the next
development stage, because exhaustive data collection is cru-
cial for pc-set analysis, JDubiel should allow theorists to do

61 owe the list of those tone rows to London, von Hippel, Huron, Car-
tano, Kingery, Olsen, and Santelli[9].
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faster data entry and some capabilities to incorporate staff
notation such as those found in Macset[7] should be imple-
mented.

Stravinsky's Twelve-Tone Compositions 1
Stravinsky's Twelve-Tone composition:

)

Choose a piece: | Requiem Canticles ... + |

Its tone row: S50B9A2 138647
Find . - f
) - Unordered PC-Set: » | B069
.
Clear .
: - in the tone row under:
VT v 1 ™
O] rT ] m 1 RT
(1 RTI ] RT ] (RTI
in the verticals of
'Y P rotational array of size: 6 '?
'z R rotational array of size: 6 '?
'Y | rotational array of size: 6 ';"
"1 RI rotational array of size: 6 '?
) IR rotational array of size: 6 '?
4 Four-part array of the tone row
"1 Tn/Tnl types of subsequences
"1 Matrix of the tone row
)4
Found:
No relations under T {SOB9AZ2}. [
{B069} is a subset of {138647} under:
T5: {681B90}
{B069} is a subset of {SOB9AZ2} under:
T11l: {6B0219}
No relations under Tl {138647}.
A
v
(E —— b < »

Figure 8. The Series Forms Used for “Libera me.”
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