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Abstract

Nearly a thousand years ag8,ui d o
fisi-reddrtg wr i t t e n in muppoit of, which he
developed new technologyincluding the staff and
solmisation) anchew pedagogy i6icluding his use of the
hymn Ut queant laxisand the exercisAlme rectoj [1, pp.
459475. Sightreading enabled Guido turn novices into
proficient singers in just one yeaor at most twd an
efficiency improvement of at least 5:4nd perhaps 10:1,
compared toearlier singertraining practices[1, pp. 445
447).

As a At hought
extending Gui do6s
reading music theor§ It is proposed that developirtbis
skill may havethe potentialto increase, by a factasimilar
to Gu i d, ahé sate at which studenbecome proficient
music theorists The thought experimentuses a
hypothetical system for displaying and controlling musical
information called JIMS Isomorphic Music System
(JIMS).

Keywords: Music notation, alternative notations,
alternative controllers, alternative tunings, music control
interfaces, microtonality, music theory, pedagogy,
parsimony

,0e thip eaper mimagines

1. Thought Experimentsand Parsimony

Thought experin@s [2] are an important tool in the
advancement of science. In a thought experiment, one
explores the impact of presumedi | aw o f
scenario that is striga to itsessential element3hought
experiments arenot intended toprove anything; rather,
they provide an alternative way of thinking aboait
pr obl e mé svhich maytleadk tb new experimental
designs and, eventually, hard data from lab experiments.
Those aws and thought experimentse best which
exhibit the mostparsimony the ability to explain much
with little [3]. Parsimonious systems tend to provide both
simplicity and power. Einstein (a noted thought
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Milne

experimengr) said @] fiThe supreme goal of all theory is

d iinAginedz z oto make the irreducible basic elements as simple and as

few as possible without having to surrender the adequate

representation of a single datum of experiénce( usual | y
fi dehas rsigmple as h o u |

paraphrased
possible, but no simplér) .
This paper presumes a law, presents a scenario, and

invites the reader to imagine the interaction of the law and

t he s celamantsi o0

1 Presumed law That students can learn music théory
fastest when theintemal consistency ofmusi c 6 s
intervallic relationships is maximally exposed.

as

cor e einabob e-a thish ngtenario The reader is teachingwsic theory to

former highschool band studemtwho hare no
experience with the traditional technologies of music
theory pedagogy such as the piano keybogrdnd
staff, figured bass, Roman numerals, etc.; also, the
reader §as aleargteachaismeasuredby the
extent to which her studessubsequety advance the
state of themusical arts

2. Musical Invariances

In musical systems, parsimomy the display and control
of musical informationcan be increased bgxposing
invariance(i.e., consistency under transformation) through
isomorphism(i.e., consisency of mapping)Two invariant
musical propertiesvere particularlyuseful in the design of
JIMS: transpositional invariancandtuning invariance

It is, well-known that the familiar interval patterns of

nat Umﬁs?cﬂweo&ér%ucr?as the diatonic scale, the major triad,

and the Vil cadencé retain their essential nature even
when transposed to different octaves or keys. They can be
said tohave the property dfanspositional invariance

Tuning invariancé the property ofbeing consistent
under transformation among tunidgsvill be discussedn
greater deptin Sectiord.2.1below

1A Musi c t denedrhgr@in td mean théheory of the

West 6s tonal musi c
expansions as desceithin sectiort.2.1

i, with pateptial Co mmo r



3. Musical Isomorphisms

To capitalize on parsimonynus i dn@asiant properties
can be exposed isomorphicallyi.€., with consistent
mappings from property to symbol).

In the design ofJIMS, four isomorphisms were
particularly usefultheisomorphicnotelayout, tonic solfa
thechromatic staffand theonnetz

3.1 Isomorphic Pitch-Layout

A buttontfield is a twedimensional arrangement pftch-

controlling buttons. Apitch-layout is a mapping gfitches

to a buttorfield. _ . A : .
On a buttorfield with anisomorphicpitch-layous i.e., Figure 2: Isomorphism of the diatonic scale in C Major grey

anisomorphic buttorfieldd pressing any two buttons that I'nes? and F Major (bIack-Ilnes). D|fferent key,.same. pattern..

have the same geometric relationship to each other sounds Figure2 shows the isomorphiswf the diatonic scale in

the same musical interval. The shape of the imaginary line C Major @grey ine3 and F Maj or (bl ack |

connecting the centers of those two buttons isbilnigon buttonfield shape is the same in both keys, and indeed in
field shapeof that interval. every key. The invariance of the isomorphic butliefd

Any gi ven tonfleld shageli®the same acrossall keys for all tonal structures, not just desd
everywhere within an isomorphic buttdield (edges offers a significant increase in parsimony vs. traditional
aside).Therefore, on an isomorphic buttfield, any given musiccontrol interfaces.

sequence or combination of musical interdass scale, a 3.2 Tonic Solfa
melody, a chord, a chord progression, &teas the same
shgpe within a key and across all keyS].[ That is,
isomorphic buttoffields are transpositionally invariant.

The ability to express patterns of intervals with
transpositional invariance is central to tonal music theory.
Many systems have been invented to meet tiesd,

- - i N N - - including North Indiansargam the Nashville Numbering
’ @ ‘ System, the association of the numbers 0 to 11 with the
' notes of the chromatic scale, the association of mode
e @ @ e @ degrees with Roman numerals, and solmization.
Of the many variants of solmization]]MS uses
9 Q @ @ @ ‘ movable Do with a Labased minof8, 9]. The absolute
' pitch associated with a givanonic solfanote named with
e @ e a unique syllablechanges with every key, but the tonal
2 P A o e N s . relationships among theotesare the same in every key

Figure 1: A button-f i el d optimized for (-8.sa&e inyarigrd).Topc gqifa gives a unique name to
isomorphic pitch-layout (see section 4.1). seven diatonimotesand ten chromatiootes(five flats &

3.1.1 Wicki Bitch-Layout five sharps), as shown Tablel below.

. . Table 1: Tonic solfa interval names.
For mathematical and practical reasons that are beyond th

scope of this papers], JIMS uses the isomorphic nete Flat Natural Sharp
layout first describel by Kaspar Wicki in 18967] (see (De) Do Di
Figurel above. Ra Re Ri
Wi c k pitéhdayout has been used in squebbx
instruments such asoncertinasbandoneons, and bayans Me Mi (My)
The use of such instruments to competently perform a (Fe) Fa Fi
wide variety of complex and challenging chromatic music :
shows that the Wickpitch-layout is a practical music Se So Si
control interface. Le La Li
An example of the buttehi el d 6 s transpoygi tijonalf (Di)

invariance is shown iRigure2 below The names in parentheses are novelJtdS. They

name flat De, Fe) and sharp (My, Dinotesthat are

enharmonic with diatonic notes in -1@e equal
temperament (EZET), butnot in many other tuning§he

need f or diesvallebecdime xl¢éar latar in this
paper.



3.2.1 JIMSNoteLayout by using winted noteheads that indicate the direction of
Figure 1 and Figure 2 abovelabel buttons with traditonal ~ deviation  from the diatonic scale in Boode
pitch names. However,JIMSH p aomys tam be (lonian/major).

significantly increased by associating its buttons with tonic 1i Do
solfanotesinstead of pitchegs shown irFigure3 below.

L
Sro
Figure 4: JIMS staff.
For example,
T Ri (an augmented secondabove D9, being
Figure 3: JIMS note-layout. sharpened relative to Bmo d e 6 s dijomt oni c
The physical arrangement of rectangular buttons shown second Rewould have an upwardointing note
in Figure 3 is that of a standard computer keyboard, head while
demonstrating JIMS6 s wui t abi | i t-pasedf or q QedMinkrithtdabove D9, being flattened relative
Instruction. . o _ to Domo d e 6 s rdajomthirdMi,iwould have a
To play in C Major, one must indicafby performing a downwardpointing notehead.
userinterface control gesturthat is beyond the scope of h pairs of d h "
this papey that Do should sound thitch C. To indicate C Such pairs of noteare mapped to the sandiMs sta

location For example, Ri and Me are both mappedht
space between the Hiae and the Miline.

At the far left of JIMS staff, a stack ofscale dots
dindicates the set afotesthat are in theurrent scale The
diamondshapedscaledot indicateghe current tonic(and
thereby the current mode of the current scalefigure4,
the scale dots indicate Boode of the diatonic scale. The
horns @ the crescenshaped clef sign always point to Do,
whatever théey, registerscale or mode JIMS staff is the
3.2.2 Fingering Invariance same for every key and octave. A pitch claame (A, Bb,
The combination of tonic solfa, electronic transposition, C#, etc.)pitch (A4), or frequency (440Hz)x;an be placed
and an isomorphic noﬂayout exposes another invariant toO the left of the tonidndicator to tie the notation to a
property of musicfingering invariancg10], in which one specific key, or (preferably) left unspecified.
presses precise]y the same butfomet just the same All other symbols from traditional music notatioe.d,
patternof button® to play a given pattern of intervals in ~ meter, rhythm, dynamics, etc.) are retained JiMS
any key For examp|e1 to p|ay the diatonic tertian triad notation with their traditional meaningsA detailed
rootedont he tonic of tldnian nbdea t dlgseriptionef did$ seafh rotation (including indicators of
(i.e, DoMiSo), one always presses the Do, Mi, and So key changes, mode changes, and scale changes) is beyond

minor, one must indicate that should sound a C (hence
La-based minox. To indicate Bflat Lydian, one must
indicate hat Fa should sound aftat, and so on, for other
keys and modes. The same control gesture can be applie
during performance to effect a key changhis reaitime
electronic transposition is easily accomplished by the
computers to which computer keyboasd are usually
attached.

buttons, irespective of the current key the scope of this pap¢see[12]).

Fingering invariancéncreass parsimony, but it creates JIMS approach to scales and modes works with-non
a problem: it is not compatible with traditional staff diatonic scales, tooTheir notes are mapped to the tonic
notation. A new staff is neededpn which noteheads solfa syllables such thaihe mapping ists symmetrical as
represenfimov ab | e o t orathecthambsbliftea rPessildesaround ReFor example, the double harmonic
pitches scaleis mapped toRe& Mei Sd Sai Lai Tel Ra, of which

the Remode is the double harmonic major, and the So

3.3 JIMS Staff mode is the double harmonic minor (also known as Gypsy
Combining thechromatic staff first described byRoualle Minor).
de Boisgelou in 176411]) with tonic solfa givesJIMS JMS6 combination of sol feggi ¢
staff [12] (seeFigure4, below), which is compatible with key-independent staffper se is not novel; it is exactly
JIMS buttonfield. what Guidointendedused, and describedthousand years

JIMS staff maps a tonic solfaote to each line and aga To quote Pesce[], p . 23): fiCFasra Gui d
space of the chromatic staff. sounding pitch is not fixed, bud as a notational symbol

On the chromatic staff, pairs of notes that are has a very fixedneaning i t s i nt er vTadtis,i ¢ co

enharmonically equivalent in IPET can be distinguished



broadly speaking, iGlatived pitol s
(Aimovable Ut, o0 so té

JIMS staff andJIMS buttonfield are both isomorphic
with the underlying structure of music, so they alsa

isomorphic with each other, as showrFigure5 below

Figure 5: Isomorphism of JIMS button-field and staff. The
scale dots should all be white, not black as shown.

JIMS staff and buttorfield are also isomorphic with
another geometric
structure: the tonnetz.

3.4 Tonnetz
The tonnetz (also known a
AEu-l atticed) 1 s a mapitchesbr t o

chords ly perfect fifths and major thirds. First described by
Euler in 1739, it has been used as a tool for describing
tonal pitch space by music theorists ever sirks. [The
tonnetz is usually depicted as a rectangular lattice, as in
Figure6 below.

F# — G — G# — DHS — A#S — L#6
| \ | | \ |
D3 — A3 — E4 — B4 — F#5 — C#6
| \ | | \ |
Bb2 — F3 — C4 — G4 — D5 — AS
| | | |
Gb2 — Db3 — Ab3 — Eb4 — Bb4 — F5

Figure 6: Traditional tonnetz, with perfect fifths along the
horizontal axis and major thirds along the vertical axis.

However, the axes of the tonnetz can be aligned with
the hexagonal axesf JIMS buttonfield, as shown in
Figure7 below

2 As Guido might have saig | us -a change,
chose(except, of course, that he would have said it in Latin).

speak)‘

<

p 1UBS:

Figure 7: Tonnetz aligned withJIMS button-field.

The red lines denote axes of perfect fifths; blue lines
denote axes of major thirds; green lines denote axes of
minor thirds.

The triangles formed by the intersecting red, blue, and

depi ct i @en liges aboye eqglogesthe majprmamds rpinok, tiiagsgof

tonal space. These triads are shownFigure 8 below
(major triads are capitalized; minor triads are not)
Fa La Di

IENANANAN
ANAAN

S0 ti ) ri
De Me So T1
le do mi si
Le Do Mi
fa la di
Ra Fa La i

Figure 8: JIMS button-f i e | d 6 sonahspgeze. o f t

In his writings [1], Guido continually stressed the
importance of helping students understaad
intervallic context.This intervallic context is, of course,
the very heart of tonal music theorJIMS6 somorphic
keyboard tonnetz chromatic staff, scale dots, and tonic

la .
(0]

indicator expose this intervallic context to studeénts e y e s

and fingersn a geometricallyconsistent manner, which is
right i n | iimMevations anth sta@d intehb 6 s

3.4.1 Reducing mmorizatiorrload

To distinguish among different things, different terms
are needed. For example, in JIMSsealeis a unique
collection of tonic solfa notes, while modeis a cycle
around an octave of those
and Ami nor scaled are not
different modes of the same (diatonic) scdlee meaning
of these fundamental terms must simply be memorized.

However JIMS was csigned in parto minimize the
student sb& me maousinga amail oumbet af a d
fundamental terms in as many compatible ways as
possible, rather than defining new terms for specialized
m° me

cbest | a

and

pi eceds

not

SC

b



For exampleJIMS: dominant of the dominant, signaling a temporary

1 Names modes after their tonios.d Do-mode, Re tonicization of So. If the tonicization were not temporary,
mode, and Mimode) instead of Greek localitiés.g, JIMS notation woud indicate (by means that are beyond
lonian, Dorian, and Phrygian, respectively). the scope of this papesee 12, pp. 31) a change of key

i fiu a . perfect fiftho (there
f Uses the selée x pl anat ory -bphurmasasn %f;\ttﬁaevr\'/it'h e toni.c a notes),

o - N ., assocl i ol
and Acteonntiecr ed® to descr i K& r'a®n g'e? Nd ¢ & S .
around the tonic, instead of the traditibrterms would 'have been notaﬂed as So7 in tﬂatt new key. Either

fiauthentico and fiplagal, oway, }Qest ngl Cm{aalm\r}geof tpe_ denoted chord ought to be
entirely Clear.

1 Names keyindependent chordsand progressions Likewise, every occurrence of the diatonicilPei Soi
(e.g, Vil) using (a) Arabic numerals when no Do chord progression will look exactly like every other
specific mode is intendednd (b) tonic solfa names  (inversions aside), and its root movement on JiiSon
when a specific mode is intenddebr example the field will follow the tonnetzin exactly the same pattern
modespecifc diatonic chord progression Dd-a (octave transpositions asid@)timately relating movement
Lai Rer Sd Do (i.e, IiIViviTiiiVil) ends in a bl on abuttonfield with movement in tonal space.
cadence. The authorssubmit that, @mparedto the traditional

1 Nameschord inversionsvith tonic solfabased chord ~ technology —of music theory —pedagogyJiMS-like
names such as 3Do (indicating a diatonic tertian Do t€chnologies

triad with its third in the bass) a®o7 (indicating a 1 presentmusictheorystudents witHfewer things(i.e.,
dominant 7 chord on So with the"5in the bass) facts, rulessymbols,and gestures) to learn;
rather than figured bass. { inter-relate these thingsinto consistent cognitive
There are a number of advantages to rtfigimization chunks and
of jargon. First,it requires the memorization of fewer 1 exposethe logical consistency of the relationships
unique terms Second,its terms aremodular, enabling amongthesechunkst 0 st sedsesnof sighand
compound conceptsot be described using compound touchin addition tohearin
t er ms. For exampl e, terms in the form ﬁ?scale name] X X
moded can describe any modéPower any scale, such as
Adi atLe-md ¢ e 0 doobie h@monicRemo d e . 0Just aslIMSdsimplicity arises from its parsimony, so does
Third, and most importantly, &trongly linksthe concepts its power. JIMS offers two kinds of powercreative power
that sharelte same terms. andexpressive power
4, Simple and Powerful 4.2.1 Creative PowerDynamic Tonality
Like chemistryos Periaddc FH® £r6AttWe EPWelengsi ses fro
parsimony gives it the potential to be botisimple and of tuning invariance which is the property of being
powerful consistent under transformation argortunings First
_ documentedin 2007 [ibid., 6], the details of tuning
4.1 Simple invariance are beyond the scope of this paper
A thought experiment is not intended poove anything, In brief, isomorphicnotelayoutsare tuning mvariant,
but rather establishes a conceptual framework within suchthat any given sequence or combination of musical
which lab experiments can be designed and execOtlgt. intervals has the same fingering in every tunin@ afiven
live huma n trials can d e eadinghi n temperdment, tsech as tegniorgchtamperameiibid., 6]
musi c t h e oar JIMStike technology ie., a on which JIMS is based,irrespective of the number of
technology that maximis the parsimonious exposure of notes into which the tuning subdivides the octaver
musical invariancethrough isomorphisin can deliver exampl e, the penodednajorhisawaysc al e
efficiency improvementsapproaching those attained by played by pressing the same butdnd Do Re Mi So
Guido. BecauseJIMS is only a thought experimenho d whether the current tuningf the syntonic temperament
educational materialexist for it, so no such trials are has 5, 7, 12, 17, 19, or even 31 notes per octave, and
currerily possible whether the tuning is equat.@, 12TET), unequal €.9,
Instead, readers are invited to imagiteaching an Ye.comma meantone), or irregulare.§, a welt
introductory music theory class usiigMS and to ask temperament or a rarikp-limit Just Inbnation).
themselves whanight begained and lost thereby. Tuning invariance enalles performers toretaining

One could imagine, for example, teaching students consistent fingering while changingining smoothly, in
about secondary dominants using JIMS Wh en a préak tneepajong (for example) the syntonic tuning
scale dots indicate that it is in diatonic Dwde, and a continuum[ibid., 6], on which are found many tunings
Re7 <chord is denoted, t h e r uséde thenhistonaoftestegnucilturgls, 16|Rand by thes t h e



indigenous music of some ndkestern culture§l?, 18, many temperaments, including the syntotemperament
19, 20, 21]. Consistent fingering makes it easy tmlexe on whichJIMS s based

these alternativaihingsand the relationships among them. By expandingthe framework of tonalharmony to
Width of embracethesenew structural resources, dynamic tonality
the offers art musiciand and muic theoristd new creative
Notable %ﬁ?f;ﬁ:ff Notable power, to which JIMS provides an interface

equal

nd equal
tunings T tunings

720| S-TET Indonesian slendro
719|
718
717
716|
715
714
713
712
711
710

708 22-TET
708
707
706 | 17-TET
708
704 = n
703 E &5
Eg Pure 3/2 Pythagorean|702| S53-TET Turkish 2 =
[} 701 " (-4
: 00| 12-TET \’:'Efte'ﬂl\‘:r 1800 E,
£ 599 & =
£ 1/5-comma|598| 43-TEF E =
= Pure5/4 1/4-comma|597| 31-TET Hulgens/Fokker T2 W
= 2/7-comma| 596 S0-TET £ £
5 Pure6/5 1/3-comma|695| 19-TET Guillaume Costeley - 5
- 594 = Figure 10: A prototype Thummer.
5693
692| 26-TET 4.2.2 Expressive PowedIMS Controllers
691 . . . . .
590 To be musically interesting, physical embodiments of
5:: JIMS notelayoud i.e, JIMIS c o nt r & rhustehave 0O
|
g the potential to meet or exceed the expressive power of
687 Thai traditional, Mandinka i . .
688| 7-TET . . traditional musical instruments24]. One suchJIMS
! l ! controller is the Thummer2p], of which a prototype is
shown inFigure10 above

] ] ) ) On the Thummer,hree full octaves, of 19 buttons per
Figure 9: The syntonic tuning continuum. octave fit within the span o

In Figure9 above N- ET 0 st aNATdne Edua r ffhgertip can press either a single notmtrolling button
Temper a méETtOr IMpltie qual t e mp edr & w&rbihaion of adjacent buttons sounding, among

is a gntonic tuning in which P5 = 700 cents. them, a P4, a P5, a sus2, or a sus4. This enables the
Continuousreakttime tuning changescalled polyphonic performance of complex chords with just the four fingers

tuning bend, are the basis oftuning progressionsand of a single hand.

temperament modulationg/hen performing such a tuning Combining two such buttefieldsd one for each

bend,t he current tan i tereperedo p a hahd prddaces a tiny controller, as showrFigure10.

mai ntain constant alignment ThWwd thhutmmer 681t BEAYy o diapeéh nalbISo
notes[22], thereby providing the option of consonance in  brace affixed to one forearm, as showrrigure11 below,

any temperedtuning and also enabling dynamic timbre  with the other arm remaining completely frééwe use of a

effects such assonance (dynamic changes to the prace frees both handsd finge

consonance/dissonance of asiynultaneous combination buttonf i el d s, and both handsodo t
of notey and primeness(changing the percentage af joysticks like thoseon a video game controller. The

ti mbreds energy that i s i ninsgunene ¢hn dlsd comtanrintetna Imstiontsénsgots, lilkeh a r
given prime factor Changing tuning and timbre together t hose i n Nintendods Wii Remot e

enablesdynamic tonality [23], which can be seen as a
generalization of the relationship between the Harmonic
Series and Jugntonation toincludethe tuning continua of



