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ABSTRACT

We present a novel method for assigning fingersotes
in a polyphonic piano score. Such a mapping (cadl
“fingering”) is of great use to performers. -

accommodate performers’ unique handpes and sizes,

our method relies on a simple, L-adjustable cost
function. We use dynamic programming to search

space of all possible fingerings for the optimalgring

under this cost function. Despite the simplicity tbe

algorithm we achieve asonable and useful rest

1. INTRODUCTION

Several different algorithms have been propose:
recent decades for automatic generation of mu
instrument fingerings [1,2,3,4,8]Ve propose to build o
this previous work in two ways. First, in keepingthn
the nature of most piano music, our algorithm has
polyphonicinput —the lack of a polyphonic algorithm
the literature is lamented inJ[2Second, we formulal
the solution in an elegant manner that facilitates d:
implementation and computation.

2. AUTOMATIC FINGERING ALGORITHM
2.1. Representation of Solution Space

Beginning with a symbolic representation of a mak
score, we generate a trellis graphith one layer fo
eachtime point where a note begins or €, and for
each layera set of nodes representing all poss
fingerings for the notes sounding at that time t.
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Figure 1. Trellis Graph of Solution Spa
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L A trellis graph is a multilayer directed acyclicagh
where nodes are only connected between adjacesrs
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The numbers correspond to fingers, where ‘1’ regmes
the thumb and ‘5’ is théittle finger. We constrain the
possible fingerings as follow

1. Within each node, fingers are assigned in o
from lowest pitch to highest pit (no crossover).

2. The same finger mudie used as long as a note
persistgno finger substitution is allowe!

3. Each finger may only depress one n
Each path from ‘start’ to the ‘end’ is a possiklegering
solution. A weight (cost)s assignetto each connection
between nodes in the grgpmc the Viterbi algorithm is
used to compute theptimal firgering sequence.

Previous monophonicfingering approaches have
used a cost function based the stretch in the hand
between two notes. We call this thorizontal cost and
extend it to the polyphonic case. Additionally,
introduce thevertical cost quantifying thi spread of the
fingers involved in playing a particular ch. The cost
of transitioning betweetwo nodes is the sum of tl
horizontal and vertical costs.

2.2. Vertical Cost

The vertical costiepends on the combination of pitcl
that are present at a givpnint in time Note that we can
always rewrite polyphonic music as a collection
chords by using the tie symib@-igures 2 and 3):

| N |

P —

I >
1 =

> | | ol I

—_— ]

Figure 2. Excerpt from AufschwungPhantasiestuck
0p.12) by Schumann
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Figure 3. Vertical analysis of the same exct

To compute the vertical cost of node, we first
decomposéhe fingering in the noc into adjacent pairs
of notes. For example, in the F Major triF-A-C with
associated fingering 13- we consider the two paiF-
A (1-3) andA-C (3-5). Each pai's cost is determined by
which two fingers are involved and the distanceveein
the two notes being playegielding the node cc:

#pairs

Cost,(n) = > c,(R.d) &

¢(p,d) gives the cost for playing two notes separate
distanced with a particular paip of fingers.



2.3. Horizontal Cost
Cost of Sretch Between H 2and5

The horizontal cost between two nodes is defineleto " e
the average transition cost taking into accounpaills of E .
notes consisting of one note from each chord: g N //

1 o § e

Cost,(n, - n,)=— Zch(l - j,d) () 4 X /‘/

N s 70n, 2 /
Specifically, in Figure 4, the horizontal cos{jgd) is RPN AR ARSI |
the sum of the costs for transitioning fra@nto F, C to Distancein Half-Steps
A EtoF,Eto A GtoF, andG to A, divided by 6.
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We tested our system on several different musiemts
and considering the simplicity of the approach we a
One might expect that, @and ¢ are equivalent — after all, pleased that this algorithm generates quite pléaisib
playing an ascending third (e @.up toE) with fingers 1  polyphonic piano fingerings. Additional improvemgnt
and 3 is just as easy as play@@ndE simultaneously. would include allowing finger substitution during a
However, there are two situations where this istng. sustained note and modelling the difference between
First, hand motion is allowed between the notes iwhite and black keys. We also would like to extenel
horizontal cost. Second, if the direction of motien system to determine which hand (left or right) dtou
reversed, &rossovemccurs and difficulty increases. play each note. See Figure 6 for sample output.

In our implementation we ignore the first of these 4  REFERENCES
problems, and set,®c,. In the case of a crossover
situation, however,cis defined by a separate function.
Crossovers involving the thumb are assigned lowst.c

Figure 4. Horizontal cost example
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Figure 6. System output: Excerpt from Ellmenreich’s Spinn8ang



