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1-8-16-28-40-44-46 +[dependent] 2-4 +[right shift] 4-6 →[syntax] 5-6-7 +[spacing] 6-10 →[reacts] 8-32 →[spacing] 11-12 →[collision] 13-15 +[pseudo-syntax] 13-23 →[syntax] 13-31 →[dimension, spacing]
13-32 →[left shift] 15-17 +[articulation, angle] 15-19 →[collision] 15-20 +[syntax] 17-25-29 →[articulation, angle] 17-51 →[placement] 18-21 →[dwindling] 19-32 →[reacts] 20-22 →[collision] 20-33 →[dimension]
22-33 +[baseline] 23-25 →[spacing] 25-26 →[collision] 25-29 +[pseudo-syntax] 26-29 →[reacts] 29-31 →[dimension] 29-48 →[saturation] 30-31 +[baseline] 31-32-33 +[dimension] 34-36 +[update] 35-36-37
+[dependent] 35-38 +[update] 38-55 →[semantic] 41-42 →[free expansion] 41-43 →[spacing] 42-49-52-56 →[dwindling] 44-48 →[pressure] 46-48 →[pressure] 50-51 →[dimension, placement, spacing] 50-53
→[spacing] 50-55 →[dwindling] 52-54 →[stroke width] 53-54 +[stroke width] 55-56 →[free expansion]
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-14-
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8-9
→[pre

ssure
] 10-1

1 +[sp
acing

] 12-1
5 +[sy

ntax
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5 →[spa
cing,
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ure]

13-1
6 →[sat

urat
ion]

14-1
6 →[sat

urat
ion]

15-1
6 →[sat

urat
ion]

16-1
8 →[spa
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23-2

4 +[sp
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] 24-2
6 →[free

expa
nsion

] 25-2
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7 +[sp
acing
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0 +[sy

ntax
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1-2 +[sat
urati

on]
1-3 +[de

pend
ent]

1-6-
10-1

8-23
-28 +[de

pend
ent]

2-3 +[sat
urati

on]
3-6 →[satu

ratio
n] 3-6 +[up

date]
4-9 →[base

line]
8-11

→[pres
sure,

satur
ation

] 12-1
4 →[spac

ing]
13-1

4 +[sp
acing

] 15-1
7 →[base

line,
articu

lation
] 17-2

0 →[disc
onne

cted,

articu
lation

] 22-2
5 →[base

line]
24-2

5 +[syn
tax]

25-2
7 →[base

line]
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1-7-14
-22-25

-32 +[depen
dent]

2-4 →[spacing
] 3-5 →[baselin

e] 4-5 +[spacin
g] 4-6 →[spacing

] 8-9 +[synta
x] 8-10 →[spacing

] 10-12 →[spacing
] 15-16 →[saturat

ion, pla
cement] 17-19 →[spacing

] 20-21 →[reacts]
21-22 +[spacin

g] 26-27 →[left shif
t]

30-31 +[depen
dent]
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1-2 +[spacing] 1-6 +[dependent] 1-11-18-22-26-2
8-32 +[dependent] 4-5 +[right shift] 5-6 +[spacing] 7-8 +[right shift, coll

ision] 7-9 →[spacing] 8-9 +[right shift] 10-11 →[reacts] 10-12 →[disconnected] 12-13 +[right shift] 13-15 →[spacing] 14-15 +[spacing] 18-19 →[reacts] 19-21 →[reacts] 20-21

→[saturation] 21-22 +[spacing] 22-23 +[spacing] 23-24 +[syntax] 25-30 →[saturation] 30-31 +[saturation]
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1-3-6-12-16-27-
32-39 +[dependent] 4-5 +[syntax] 5-6 +[spacing] 6-7 →[collision] 7-8 →[disconnected] 7-8 +[placement] 8-9 →[reacts] 9-10 →[free expansion]

10-11 →[reacts] 13-14 →[free expansion]
14-15 →[reacts] 15-16 +[spacing] 16-18 →[pressure] 17-19 +[spacing] 17-21 +[right shift] 19-21 →[pressure] 20-24 +[spacing] 20-25 →[baseline]

21-22 +[pressure, updat
e] 22-23 +[pressure, updat

e] 26-29 →[reacts] 28-33 →[spacing] 31-34 →[baseline] 32-33 →[pressure] 34-35 →[reacts] 35-36 →[reacts] 35-37 →[angle] 37-38 +[syntax]
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1-2 +[spacing] 1-6-8-13-18-22 +[dependent] 2-3 +[syntax] 2-4 →[spacing] 3-5 →[baseline] 4-6 →[spacing] 5-6 +[spacing] 11-14 →[spacing, dimension] 12-13 +[spacing] 13-14 →[pressure] 15-26 →[spacing] 17-20 →[spacing, dimension] 18-20

→[pressure] 22-26 →[pressure] 22-27 →[pressure] 25-27 →[disconnected]
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1-11-15-20-23-27 +[dependent] 3-7 →[reacts] 4-6 →[spacing] 5-6 +[spacing] 9-10 →[pressure] 11-12 →[spacing] 14-16 →[spacing] 24-26 →[spacing] 26-28 →[saturation]
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1-3-5-7-13-16-20-24 +[dependent] 1-9 →[spacing] 3-9 →[pressure] 9-10 →[saturation] 14-15 →[reacts] 15-17 +[syntax] 18-19 →[free expansion] 18-19 +[syntax] 19-22 →[disconnected] 21-26 →[spacing] 22-26 +[baseline] 26-27 →[free expansion]
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1-11-20-
27 +[depend

ent] 1-12 →[spacing]
2-9 →[spacing]

4-5 +[syntax
] 4-12 →[pressure]

5-8 →[disconne
cted] 7-12 →[spacing,

placement] 8-13 +[depend
ent] 11-

12 →[pressure]
14-18 →[placement] 16-21 →[pressure]

20-21 →[pressure]
22-25 →[reacts]

24-26 →[placement] 25-26 →[reacts]
25-30 →[reacts]

27-28 →[spacing]

29-30 →[pressure]
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1-17-22-31 +[dependent] 2-3 +[dependent] 3-4 +[right shift] 4-5 →[reacts] 5-14 →[spacing, saturation] 6-8 →[spacing, articulation] 7-9 →[baseline] 9-
11 →[baseline] 10-12 →[spacing] 10-14 +[syntax] 11-12 +[spacing] 12-17 →[spacing] 18-19 →[reacts] 18-23 →[spacing, saturation] 19-23 →[spacing,
saturation] 21-23 →[saturation] 21-24 →[saturation] 22-24 →[spacing] 22-26 →[pressure] 23-24 +[saturation] 24-25 →[reacts] 26-27 +[pseudo-syntax]
28-31 →[reacts]
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1-6-8-18-20-30 +[dependent] 2-3 →[free expansion] 2-10 +[syntax] 3-4 →[reacts] 4-5 →[free expansion] 5-9 →[disconnected] 7-9 →[reacts] 7-16 +[pseudo-syntax]
7-17 +[syntax] 8-16 →[pressure] 10-11 →[free expansion] 10-12 →[spacing] 11-12

+[spacing] 18-19-20-21-22
+[saturation] 21-29 →[spacing, placement] 22-23 →[pressure] 23-25 +[right shift] 23-31 →[placement, dimension] 23-27 +[right shift] 26-27 +[spacing] 26-28 →[dimension] 27-32 →[spacing, placement] 29-30 +[spacing,

placement]
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1-2 +[spacing,
stroke wid

th, depend
ent] 1-20 +[depende

nt] 1-20 →[stroke wid
th] 2-4-22-25

+[depende
nt] 2-5 +[depende

nt] 2-20 +[update]
3-5 →[free expan

sion, spaci
ng] 3-7 +[right sh

ift] 3-13 +[right sh
ift] 4-21 →[spacing]

5-12 →[pressure]
5-17 →[pressure]

7-8 +[update]
8-16 +[right sh

ift] 9-11

→[spacing]
10-12 →[dimension] 11-14 →[stroke wid

th] 12-17 +[syntax]
13-15 →[reacts] 13-18 +[right sh

ift] 14-15 →[stroke wid
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+[saturati
on] 16-17 →[spacing]

16-19 →[saturation
] 17-19 →[saturation

] 18-19 →[saturation
] 21-22 +[spacing]

21-23 +[syntax]
21-24 →[dimension] 22-27

→[spacing]
24-25 +[spacing]

24-26 +[syntax]
24-26 →[free expan

sion] 25-29 →[pressure]
27-28 →[free expan

sion] 28-30 →[dimension] 29-30 →[free expan
sion] 30-32 →[dimension] 33-34 +[syntax]
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1-3 →[spacing] 1-5-15-17-37 +[dependent] 4-5 +[spacing] 4-10 →[reacts] 5-8 →[collision] 7-8 →[free expansion] 9-10 →[free expansion, reacts]
11-12 →[reacts] 11-14 →[spacing] 12-13 +[spacing]

14-15-16 +[spacing] 15-22 →[collision] 15-23 →[collision] 15-30 →[pressure] 16-19 →[free expansion] 18-26-34 +[right shift] 18-36 →[spacing] 19-24 →[reacts] 19-26 →[reacts] 20-21 →[reacts] 20-

22 →[placement] 21-22 →[reacts] 25-27 →[disconnected, artic
ulation] 27-34 →[reacts] 28-30 →[dimension, articulation

, angle] 30-31 →[free expansion] 32-34 →[spacing] 33-34 +[spacing] 34-35 →[free

expansion] 36-37 +[spacing] 36-38 →[free expansion, rea
cts] 39-40 +[dwindling]
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1-9 →[disc
onnec

ted]
8-9-1

2-16
-20-2

2-27
-31 +[de

pend
ent]

13-1
6 →[reac

ts] 14-1
9 →[base

line,
angle

] 15-1
6-18

-20-2
1-22

+[spa
cing]

15-1
7 →[pres

sure]
19-2

0 →[reac
ts] 19-2

3 →[base
line,

satur
ation

, dim
ensio

n] 22-2
3 →[pres

sure,

collis
ion]

23-2
6 →[base

line,
dime

nsion
] 24-2

5 →[spac
ing]

28-2
9 →[reac

ts]
28-3

0 →[ang
le, ba

seline
]
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1-7-1
2-16-

22-25
+[dep

endent
] 2-3 +[righ

t shift]
4-6→[dimension

] 5-6→[reacts
] 5-6 +[sem

antic]
5-7-8

+[spac
ing] 5-9→[baseli

ne, dim
ension

] 8-9 +[synt
ax] 8-9→[free ex

pansio
n]

8-10 →[satura
tion, s

pacing
] 8-11 →[spacin

g] 9-11 →[satura
tion, a

rticula
tion]

10-11
→[free e

xpansi
on] 13-14

→[free e
xpansi

on] 14-17
→[spacin

g] 15-17
→[free e

xpansi
on] 16-17

→[pressu
re] 17-18

+[sem
antic]

17-18
→[reacts

] 18-19
→[satura

tion, d
imension

, vertic
al plac

ement]
19-20

+[upd
ate]

22-23
+[spac

ing]
22-24

→[spacin
g]
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1-10-
15-20

-23 +[dep
enden

t] 2-3 +[upd
ate]

3-4 +[syn
tax]

4-6 →[disco
nnecte

d] 5-6 +[syn
tax]

8-9 →[react
s] 11-12

+[righ
t shift

] 11-12
→[collis

ion]

14-15
+[spa

cing]
16-17

→[sema
ntic]

16-18
→[spaci

ng, pl
aceme

nt, dim
ension

] 17-19
→[basel

ine, d
imens

ion]
19-20

→[press
ure]

21-22
→[free e

xpan-

sion]
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1-5-11-
14-16 +[depen

dent] 2-3 →[free expansio
n, reacts

] 2-4 →[spacing
] 3-6 →[baseline

] 4-5 +[spacin
g] 4-6 +[syntax

] 5-6 →[collision
] 5-7

→[collision
] 6-7 →[reacts]

6-7 +[updat
e] 7-9 →[baseline

, dimension,
articulat

ion] 8-9 →[free expansio
n, semantic, re

acts] 10-11-1
2 +[spacin

g]

12-14 →[spacing
] 13-14-1

5-16 +[spacin
g] 13-15 +[articu

lation, d
windling

] 16-17 →[pressure
]

1

2

3

4 5

6

7

89

10

11

12

13

14 15

16

17

p6sys1

15

15

10

10

5

5

ly5

sys
st5

ly5

ly5

sys
st5

sys
ly5

st5

ly5

st5

sys
ly5

st5

ly5

sys

ly5

sys
st5

ly5

ly5

sys
st5

sys
ly5

st5

ly5

st5

sys
ly5

st5

ly5

sys

1-5-10
-12-16

+[depe
ndent]

2-3 →[reacts
] 3-4 →[semantic]

3-5 →[spacin
g] 4-5 +[spac

ing] 6-7 +[righ
t shift]

6-8 →[articu
lation]

8-9 +[synt
ax]

8-10→[spacin
g] 9-10 +[spac

ing] 9-13→[baseli
ne, dim

ension
, satur

ation]
11-12

+[spac
ing] 11-13

+[synt
ax] 11-14

+[synt
ax] 11-15

→[dimension
]

12-14
→[pressu

re] 13-14
→[articu

lation,
baselin

e, spac
ing, st

roke w
idth]

15-16
+[spac

ing] 15-17
+[synt

ax] 16-17
→[pressu

re]
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1-2 +[update]
2-4-8-10

+[depende
nt] 3-5 +[articula

tion] 5-7 →[spacing, a
rticulation

] 6-14 →[spacing, d
imension, ba

seline] 10-12 +[update]
12-16-21

+[depende
nt] 13-15 +[right sh

ift] 13-17

→[spacing, d
imension, sat

uration]
18-19 →[pressure]
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1-2 +[upd
ate] 2-4 +[dep

endent
] 4-5 +[upd

ate] 5-9-1
3-19-

23-26
+[dep

endent
] 8-9 →[reacts

] 11-14
→[satura

tion]
13-14

→[pressu
re] 15-16

→[semantic]
15-17

→[spacin
g] 16-18

→[baseli
ne] 20-21

+[righ
t shift]

20-21
→[free e

xpansi
on] 21-25

+[upd
ate]
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1-2 +[spac
ing]

1-3 →[spacin
g] 1-5-8-

13-16
-20-23

+[depe
ndent]

2-4 →[dimension
] 6-8 →[spacin

g] 7-8 +[spac
ing]

9-10 →[reacts
] 9-11 →[spacin

g] 10-11
+[spac

ing]
12-15

→[discon
nected

] 14-15
+[synt

ax]

14-15
→[free ex

pansio
n] 17-18

→[semantic]
17-19

→[spacin
g] 18-19

+[spac
ing] 21-22

→[reacts
]
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1-2 +[spacing
] 1-3 →[spacing]

1-4-7-9-
15-23-2

9 +[depend
ent] 2-5 →[articulat

ion, dimension]
5-6 +[syntax

] 5-7 →[spacing]
6-7-8 +[spacing

] 8-10 →[free expa
nsion, rea

cts] 9-10 →[pressure]
8-11 →[articulat

ion]

11-13-1
5 →[spacing]

12-13 +[spacing
] 12-14 →[saturatio

n] 14-15 +[spacing
, saturat

ion] 15-18 +[depend
ent, plac

ement] 16-18 +[right shift] 18-21 →[spacing]
19-20 +[update

] 19-21 +[spacing
] 21-25

+[dimension]
24-25 →[free expa

nsion] 25-27 →[dimension]
27-29 →[spacing]

28-29 +[spacing
]
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1-2 +[synt
ax] 2-6-13

-16-21
-25 +[depe

ndent]
3-5 →[spacin

g, dim
ension

] 4-7 →[satura
tion, a

rticula
tion]

6-7 →[pressu
re] 7-11 →[baseli

ne] 8-9 +[upd
ate] 10-12

→[dimension
, articu

lation,

angle]
12-14

→[free ex
pansio

n] 14-15
→[reacts

] 17-18
→[free ex

pansio
n] 17-18

+[synt
ax] 17-19

→[spacin
g] 20-23

→[discon
nected

] 24-25
+[satu

ration]
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1-2 +[spacing]
1-7-11-14

-16-19-21
-23 +[depende

nt] 2-3 +[syntax]
2-4 →[dimension] 3-5 →[disconnec

ted] 4-5 +[syntax]
4-6 →[articulatio

n] 8-10 →[spacing]
9-10 +[spacing]

12-17 →[spacing]
13-14-15

-16-18-19
-20-21-22

-23 +[spacing]

14-17 →[pressure]
15-24 →[saturation

] 16-17 +[gesture:
smudging]

24-25 →[saturation
]
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1-4-6-10 +[dependent] 1-14 +[update] 2-3 +[syntax] 4-15 +[update] 6-7 →[pressure] 6-16 +[update] 8-9 +[saturation] 8-9 →[free expansion, reacts] 8-11 →[saturation, dimension] 10-11 →[pressure] 10-17
+[update] 11-12 +[syntax] 12-13 +[update] 12-18 +[syntax] 13-18 +[dependent] 17-24-27-33 +[dependent] 18-24 →[spacing] 19-21 →[pressure, dimension] 19-22 →[dimension] 20-23 →[angle] 22-23-25
+[saturation] 23-24 →[reacts] 23-26 →[articulation, dimension] 25-26 →[semantic] 25-28 →[spacing, saturation, dimension] 25-29 +[syntax] 27-30 →[pressure] 27-31 +[spacing] 27-32 →[spacing] 31-32 →[free
expansion, reacts] 31-33 →[free expansion] 32-33 →[free expansion]
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1-2→[disc
onnec

ted]
2-9-1

8-24
+[dep

enden
t] 3-4→[sem

antic,
free e

xpans
ion]

3-5 +[up
date]

3-5→[spac
ing]

5-

9 →[spac
ing]

6-7 +[up
date]

7-12
→[orien

tation
] 8-13

→[disc
onnec

ted]
9-10

-11 +[we
tness

, smu
dging

] 10-3
2

→[artic
ulatio

n, sat
uratio

n] 11-3
3 →[satu

ration
, base

line]
11-3

3 +[up
date]

12-1
3 →[free

expan
sion]

12-1
4-16

→[spac
ing]

14-1
5-16

→[reac
ts]

14-1
6 →[angl

e, dim
ensio

n] 18-1
9 +[spa

cing]
18-2

1-22
+[we

tness
, smu

dging
]

20-2
5 →[spac

ing]
21-2

6-28
-30 →[spac

ing]
21-3

4 →[artic
ulatio

n, sat
uratio

n, dim
ensio

n] 22-2
6 +[spa

cing]
22-

27-2
9→[artic

ulatio
n, ba

seline
] 22-3

5→[artic
ulatio

n, sat
uratio

n, an
gle]

23-2
5 +[spa

cing]
23-2

5→[free
expan

sion]

24-3
0 →[pres

sure]
27-2

8 +[spa
cing]

32-3
4 →[artic

ulatio
n, dim

ensio
n] 32-3

4 +[dw
indlin

g] 34-3
5 →[free

expan
-

sion]
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1-7 +[dependent] 2-3 +[update] 4-6 ! [spacing] 6-7 +[spacing] 7-8 +[update] 7-9 ! [pressure] 8-10-18-24 +[dependent] 9-11 ! [saturation]

9-11 +[syntax] 12-14 ! [spacing] 13-26 ! [dwindling] 14-16-19 ! [baseline] 17-20 ! [dimension] 18-19 ! [collision] 25-28 ! [dwindling] 26-27

+[update] 26-27-28 +[saturation]
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1-3 ! [spacing] 1-7-13-20-26 +[dependent] 2-4-6 ! [dimension] 3-11 ! [dwindling] 4-5 ! [reacts] 5-8 ! [spacing] 6-8 ! [free expansion]7-8

! [pressure, collision]9-12 ! [spacing] 11-29 ! [dimension, spacing, placement]12-15-29-31 +[right shift] 13-31 ! [pressure] 14-15 +[saturation]

14-15 ! [reacts] 16-18 +[articulation] 16-19 +[articulation] 18-29 +[right shift] 19-21 +[angle, dimension] 19-28 +[right shift] 19-28

! [articulation] 20-28 ! [pressure] 21-22 +[pseudo-syntax] 21-23-25 ! [angle, articulation] 25-28 ! [articulation] 26-27 ! [collision] 28-30

+[right shift] 29-30 ! [spacing]
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1-9-18-23-33 +[dependent] 2-4-5-6 +[right shift] 2-12 ! [spacing] 4-11 ! [spacing] 5-10 ! [spacing] 6-8 +[spacing] 8-10-11-12 +[dwingling]

8-13 +[right shift] 9-13 +[spacing] 13-14 +[right shift] 13-18 ! [spacing] 14-15 ! [free expansion]14-16 ! [spacing] 16-17 ! [semantic] 17-

20 +[update] 19-20 ! [free expansion]19-21 ! [spacing] 20-21 +[spacing] 24-26 +[update] 26-27 +[dependent] 27-29 ! [saturation] 28-30

! [saturation] 29-31 ! [placement, spacing]30-32 ! [baseline]
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1-8-16-28-40-44-46 +[dependent] 2-4 +[right shift] 4-6 →[syntax] 5-6-7 +[spacing] 6-10 →[reacts] 8-32 →[spacing] 11-12 →[collision] 13-15 +[pseudo-syntax] 13-23 →[syntax] 13-31 →[dimension, spacing]

13-32 →[left shift] 15-17 +[articulation, angle] 15-19 →[collision] 15-20 +[syntax] 17-25-29 →[articulation, angle] 17-51 →[placement] 18-21 →[dwindling] 19-32 →[reacts] 20-22 →[collision] 20-33 →[dimension]

22-33 +[baseline] 23-25 →[spacing] 25-26 →[collision] 25-29 +[pseudo-syntax] 26-29 →[reacts] 29-31 →[dimension] 29-48 →[saturation] 30-31 +[baseline] 31-32-33 +[dimension] 34-36 +[update] 35-36-37

+[dependent] 35-38 +[update] 38-55 →[semantic] 41-42 →[free expansion] 41-43 →[spacing] 42-49-52-56 →[dwindling] 44-48 →[pressure] 46-48 →[pressure] 50-51 →[dimension, placement, spacing] 50-53

→[spacing] 50-55 →[dwindling] 52-54 →[stroke width] 53-54 +[stroke width] 55-56 →[free expansion]
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1-2 +[update] 2-6-18-21-28-32-44 +[dependent] 3-5-7-10 +[right shift] 3-12 ! [dimension, articulation]4-13 ! [dimension] 5-6 ! [saturation] 6-7 +[saturation] 5-14 ! [dimension,

spacing] 7-8 +[update] 8-9 +[dependent] 9-10 +[right shift] 13-14 ! [reacts] 14-15-16 +[syntax, right shift] 14-23 ! [spacing] 15-24 ! [articulation, saturation] 16-20 ! [angle]

16-27 ! [articulation, saturation] 18-28 +[update] 21-29 ! [pressure] 23-25 +[update] 25-26 +[semantic] 28-29 +[dependent] 30-33 ! [dimension] 30-35 ! [spacing] 31-34

! [baseline] 33-41 ! [dimension, saturation]40-41 ! [syntax] 40-42 ! [saturation] 41-42-43 +[saturation]
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1-2 +[spacing] 1-4 +[dependent] 3-5 +[spacing] 4-5 +[update] 5-6 +[spacing] 5-13 ! [collision] 5-15 +[dependent] 6-8 +[dependent, right shift] 7-8 +[dependent] 8-9 +[right shift] 9-10 ! [free expansion]9-11

+[syntax] 11-12 ! [free expansion]11-13 +[right shift] 14-18 ! [disconnected, baseline]15-16 +[update] 16-20-30-34-36 +[dependent] 17-19 ! [spacing] 18-19 ! [reacts, semantic]19-20 +[spacing] 19-21

! [saturation, spacing]22-24 +[dependent] 22-33 ! [spacing, placement, dimension, saturation]23-24 +[dependent] 23-33 ! [spacing, saturation]25-26 +[dwindling] 26-28 +[right shift] 28-29 ! [free expansion]29-

30-31 +[spacing] 29-32 ! [disconnected]32-40 ! [reacts] 33-34-35-36 +[spacing] 33-35 +[articulation] 33-38 +[update] 38-39 ! [dependent] 38-42 ! [collision] 39-40-41 +[dwindling] 39-42 ! [free expansion]

39-43 ! [spacing, placement]40-44 ! [spacing, placement]41-45 ! [spacing, placement]43-44-45 +[dwindling]
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1-2 +[update] 2-5-15-21-24-26-33 +[dependent] 2-3 +[spacing] 3-5-10 ! [spacing] 4-5-6 +[spacing] 4-7 ! [placement] 5-8 +[wetness: bleeding]5-9 ! [less wetness: less bleeding]5-12 ! [less wetness: less bleeding]
6-10 +[right shift] 7-8 +[placement, articulation] 9-12 +[dwindling] 11-12 +[dwindling] 13-15 +[spacing] 13-16 ! [articulation, angle] 15-16 ! [pressure] 17-19-20-23-25-27 +[saturation] 17-29-30 ! [saturation]
18-19 +[update] 19-20 +[dependent] 27-31 ! [saturation, angle, articulation]32-33 ! [reacts]
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1-4-8-11-15-18-23 +[dependent] 2-3 ! [reacts] 2-5 ! [baseline] 3-4 +[wetness: bifurcation] 4-5 +[wetness: separation]6-8 ! [spacing] 7-8 +[spacing] 9-10 ! [reacts] 9-13 ! [saturation] 10-12 ! [saturation]

11-12 ! [saturation] 11-13 ! [saturation] 14-17 ! [dimension, saturation]16-20 ! [baseline] 17-18 +[saturation] 19-21 ! [dimension, angle]21-22 ! [free expansion]21-23 ! [spacing] 22-23 +[spacing, saturation]

22-24 +[update] 23-24 ! [saturation]
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1-2 +[update] 2-3-4 +[spacing] 2-4-9-13-17-19 +[dependent] 3-6-8 ! [angle] 5-7 ! [disconnected]8-10 +[saturation] 8-11 ! [saturation] 10-12 ! [saturation, dimension]11-12

+[saturation] 14-16 ! [spacing] 18-19 ! [collision]
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1-7-9-11-26-28-30 +[dependent] 1-7-9-11 +[baseline] 2-3 ! [free expansion]2-4 ! [spacing] 2-8 +[articulation] 2-13-16-17 +[right shift] 3-4 +[spacing] 4-5 +[saturation] 4-7 ! [spacing] 5-6 +[saturation]
5-7 ! [saturation] 5-7 +[wetness: ßooding]5-13 ! [reacts] 7-8-9-10-11-12 +[spacing, saturation] 10-18 +[angle] 12-18 +[angle] 13-14 +[update] 14-15 +[dependent] 16-17 +[saturation] 16-20 ! [saturation]
17-18 +[update] 17-18 ! [saturation] 17-23 ! [syntax, dimension]19-20 +[dimension, angle]19-32 ! [saturation, angle] 20-33 ! [dimension, angle]21-22 ! [free expansion]21-23 ! [articulation, dimension]22-23
+[articulation] 24-25 +[update] 25-26-28-30 +[baseline] 27-29 +[articulation] 32-36 ! [spacing, dimension, saturation]33-34 +[wetness: smudging]33-37 ! [spacing, dimension, saturation, smudging]34-38
! [spacing, dimension, saturation, smudging]
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1-2-3 +[update] 3-5-8-17 +[dependent] 4-6 ! [free expansion]5-7 ! [spacing] 6-7 ! [reacts] 6-9 ! [reacts] 7-9 +[saturation, right shift] 8-14 ! [pressure] 8-15 ! [spacing] 9-10

! [saturation] 10-11 +[syntax] 11-12-13 +[dwindling] 11-14 +[update] 11-22 +[update] 11-39 ! [syntax, articulation] 12-39 ! [syntax, articulation] 14-15-19-20-21-22 +[right

shift] 14-39 +[syntax] 15-17 ! [spacing] 16-17 +[spacing] 17-18 +[update] 18-26-32 +[dependent] 23-25 ! [spacing] 27-28-29 +[articulation] 27-38 ! [articulation] 28-38

! [articulation] 29-38 ! [articulation] 30-31 ! [free expansion]30-33 +[syntax] 30-34 ! [spacing, pressure]30-34 +[update] 34-35 +[syntax] 35-38 ! [articulation, orientation]

36-38 ! [articulation, orientation] 37-38 ! [articulation, orientation]
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1-6-9-26-28-37-53 +[dependent] 2-3 ! [fre
e expansion]3-4 +[spacing] 3-11 ! [reacts] 4-10 ! [pressure, spacing]6-7 +[update] 8-9 +[spacing] 8-14 +[rig

ht shift]
12-13 +[syntax] 12-15 ! [dimension] 12-17

! [pressure, spacing, placement]13-18 ! [pressure, spacing]14-15-16 +[syntax] 14-19 ! [pressure, spacing]15-20 ! [pressure, spacing, placement]16-21 ! [pressure, spacing]16-22 ! [syntax] 22-24 ! [pressure,

spacing, placement]25-27 +[artic
ulation, saturation] 25-29 ! [fre

e expansion]29-30 ! [reacts] 30-31 +[syntax] 30-31-34 +[artic
ulation] 30-32 +[update] 31-33 ! [syntax] 31-41 ! [orientation] 32-33-34

+[dependent] 35-36 +[dimension, syntax] 36-38 ! [fre
e expansion]36-40-41-42 +[syntax, right shift,

dwindling] 39-40 +[update]
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1-4-6-8-10-12-14-21-29 +[dependent] 7-8-9-10 +[spacing] 11-12-13-14 +[saturation] 14-15 +[update] 16-18 ! [spacing, saturation]16-24 ! [left shift] 17-26 ! [reacts] 18-21 ! [reacts] 19-22-23-24 +[right shift] 20-21 +[spacing] 21-26 ! [pressure] 21-26 +[spacing] 27-30

+[articulation] 28-29 ! [reacts] 28-30 ! [reacts] 30-31-32 +[right shift]
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1-3-9-17-20-22-24-29 +[dependent] 2-4-5 +[right shift] 2-4-5-6-7-8 +[syntax] 4-5-6-7-8 +[saturation] 5-11 ! [saturation] 6-12 ! [saturation, placement]7-13 ! [saturation] 10-11-12-13-14 +[saturation] 14-15 +[update] 16-19 ! [baseline, articulation]19-25 ! [saturation] 25-27 ! [baseline] 26-28 ! [spacing] 28-29 +[saturation] 29-30
+[update] 30-40-43-52 +[dependent] 31-32-33-34-35 +[saturation, syntax, right shift] 35-36 +[syntax, right shift] 36-37 +[saturation] 37-39 ! [articulation, dimension]37-44-45-46-47 +[syntax, right shift] 40-47 ! [pressure] 43-51 ! [pressure] 49-51 ! [spacing] 50-51 +[spacing, reacts]
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1-2 +[updated] 2-4-6-8-10-13-22-24-49 +[dependent] 10-15 +[updated] 11-14 +[articulation] 13-16 +[updated] 14-25 +[articulation] 14-39 ! [left shift] 16-17 +[spacing] 17-43 ! [syntax] 18-19 +[articulation] 19-39 ! [left shift] 20-42 ! [syntax] 21-22 +[spacing] 21-28-32

! [baseline] 23-33 ! [dimension] 25-47 ! [left shift, reacts] 25-48 ! [dimension, articulation] 26-27 +[update] 27-28 ! [free expansion]28-32 ! [articulation] 29-30 ! [free expansion]30-49 +[baseline] 31-32 +[update] 34-36 ! [saturation] 37-45 ! [pressure, placement]39-40

+[update] 40-41 +[dependent] 42-43 +[syntax, articulation, placement]44-46-47-48 +[articulation, dimension] 45-46 +[dependent] 49-51 +[updated] 50-51 +[saturation]
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1-2 +[spacing] 1-3 ! [spacing] 1-4-8-21-26-31-38 +[dependent] 3-4 +[spacing, saturation]3-12 +[right shift, syntax alignment] 5-7 ! [spacing] 8-15 ! [pressure] 9-11 +[syntax alignment] 11-14 ! [syntax alignment]
12-13-14 +[articulation] 16-18 ! [baseline] 19-21 ! [spacing] 20-21 +[spacing] 22-24 ! [spacing] 23-25 ! [baseline] 24-26 ! [spacing] 25-26 +[spacing] 27-29 ! [spacing] 28-30 ! [baseline] 29-31 ! [spacing]
30-31 +[spacing] 32-34 ! [spacing] 33-35 ! [baseline] 34-36 ! [spacing] 35-37 ! [baseline]
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1-8-13-18-21-26-29-40 +[dependent] 2-4 ! [spacing, articulation] 3-4 +[spacing] 3-5 ! [articulation] 4-6 ! [spacing, articulation] 5-6 +[spacing] 7-8 ! [free expansion]9-11 ! [spacing, articulation] 10-11 +[spacing] 10-12 ! [articulation] 12-13

! [free expansion]14-15 +[syntax] 14-16 ! [spacing, articulation] 15-16 +[spacing] 17-18 ! [free expansion]18-19 +[saturation] 19-20 ! [saturation] 20-21 +[saturation] 20-21 ! [free expansion]23-25 ! [left shift] 24-25 +[semantic] 25-26

+[spacing] 26-35 ! [spacing] 26-36 ! [pressure] 27-28 +[semantic] 31-32 +[saturation] 32-33 ! [saturation] 33-34 +[articulation, saturation, right shift] 34-35 +[right shift] 34-37 +[syntax] 34-38 ! [syntax] 34-44 ! [spacing] 34-45 ! [syntax]

35-36 +[semantic] 35-38 +[dependent] 37-38 ! [syntax] 37-45 ! [syntax] 38-45 ! [spacing] 39-40 ! [reacts] 40-41 ! [pressure] 42-43-44 +[articulation, dwindling]
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1-3-12-15-19-29-35-43 +[dependent] 2-4 +[saturation, articulation] 4-7 +[update] 4-8 ! [saturation] 5-6 +[update] 5-6 ! [saturation] 7-8 +[saturation] 9-10 ! [reacts] 12-13 +[spacing] 13-14 ! [reacts] 16-18 +[syntax] 16-19 +[spacing]
18-19 ! [spacing] 18-24 ! [syntax, articulation, saturation]18-28 ! [articulation, saturation] 19-20 ! [pressure] 20-21 +[dependent] 21-22-23-25 +[syntax, articulation, saturation] 23-24 +[articulation, syntax, saturation, dwindling]23-27 ! [syntax,
articulation, saturation] 25-29 ! [spacing] 26-29 ! [free expansion]28-32 ! [articulation] 30-33 ! [stem direction, articulation, spacing, saturation]32-33 +[syntax] 32-38 ! [syntax] 32-48 ! [syntax] 33-47 ! [left shift] 34-35 +[dependent] 34-49
+[spacing] 34-50 ! [spacing] 38-44 ! [placement, spacing]40-41 +[syntax] 40-42 ! [saturation] 41-42 ! [reacts, saturation]42-43 +[saturation] 42-44 +[saturation] 44-45 +[syntax, right shift] 45-46-47 +[syntax, right shift, articulation, saturation]
47-48 +[syntax, articulation, saturation] 48-49 +[wetness: smudging]49-50 ! [placement, pressure]
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1-3-5-20-30-33-35-40 +[dependent] 3-9 ! [pressure] 3-10 ! [collision] 7-9 ! [placement] 7-15 +[syntax] 9-11 ! [spacing] 9-15 +[syntax] 10-11 +[spacing] 11-15 +[syntax] 11-25 ! [dimension] 13-14 ! [reacts] 14-15-16 ! [syntax] 22-23 ! [reacts] 25-28 ! [semantic: accidental,

saturation] 26-29 ! [baseline, saturation]30-31 ! [pressure] 30-32 +[spacing] 30-49 ! [spacing] 30-50 ! [spacing] 30-53 ! [spacing] 30-56 ! [spacing] 33-34 +[spacing] 33-50 ! [spacing] 33-57 ! [spacing] 33-61 ! [spacing] 41-43 +[dependent] 43-45 ! [pressure] 43-47

! [pressure] 44-45 ! [reacts] 45-53 +[placement: pseudo-syntax]45-62 ! [placement, saturation]47-49 +[placement: pseudo-syntax]47-51 ! [placement] 49-50 +[update] 49-53 +[right shift] 50-51-52 +[saturation] 52-68 +[articulation, dimension] 52-69 +[update] 55-56

+[articulation] 57-59 ! [spacing] 57-61 +[articulation] 59-63 ! [semantic: rest missing]61-67 ! [dimension, saturation]63-65 ! [spacing] 65-67-69 +[dwindling] 68-69 ! [articulation, dimension]
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1-2 +[dependent] 2-7-11-14-15-18-20-23-25 +[dependent] 3-5 ! [spacing] 4-6 +[spacing] 5-8 +[syntax] 8-11 ! [spacing] 8-37 ! [syntax] 10-11 +[spacing] 15-16 +[saturation] 16-17 +[update] 22-23-24-25 +[spacing, saturation] 28-38 ! [spacing] 30-36 ! [spacing] 31-33

! [spacing] 37-38 +[right shift]
37-40 ! [syntax] 37-61 ! [syntax] 39-41 ! [saturation] 40-42 +[articulation] 40-44 +[syntax] 40-56 ! [spacing] 44-45 +[saturation] 44-46 ! [saturation] 47-49 +[update] 48-50 +[update] 49-55 +[dependent] 51-53 +[update] 52-54 +[update]

53-55 +[dependent] 55-56 ! [syntax] 58-59-61 +[articulation, dwindling]
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1-6-16-19-22-59-62 +[dependent] 2-6-10 ! [spacing] 5-7 +[syntax] 5-9 +[syntax] 7-9 ! [placement] 9-10 +[dependent] 13-15 ! [spacing] 14-27 ! [reacts] 22-23 +[wetness: smudging]25-27 ! [dimension, spacing]26-28 ! [baseline, saturation]33-34 +[update] 33-51 ! [syntax] 34-35

+[dependent] 35-37 +[update] 37-38 +[dependent] 37-43 ! [reacts] 39-43 ! [reacts] 40-41 ! [free expansion]41-45 ! [reacts] 43-51 +[syntax] 49-70 ! [spacing, saturation]52-56 ! [reacts] 55-73 ! [spacing, angle, saturation, dimension]60-64 ! [reacts] 70-73 +[syntax, articulation, saturation]

71-74 ! [articulation, saturation, angle, baseline]72-73 +[syntax, articulation]
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1-3-5-7-27-37-39-41-45-50 +[dependent] 6-12 +[syntax, right shift] 7-27 ! [angle] 8-12 ! [reacts] 9-11 ! [spacing] 10-11 +[spacing] 12-13 ! [free expansion]12-14 ! [free expansion]13-14 +[update] 15-18 +[right shift] 16-17 +[update] 20-28 +[update] 23-30 +[update] 23-31 +[update] 23-32 +[update]
26-33 +[update] 26-34 +[update] 27-28 +[semantic] 27-35 ! [pressure] 27-37 +[angle] 28-29 +[dependent] 28-30 +[dependent] 30-31 +[dependent] 31-32 +[dependent] 31-33 +[dwindling] 33-34 +[dependent] 36-52-53-54-55-60 +[syntax, right shift] 44-45 +[spacing] 44-47 ! [placement] 46-47-48
+[placement] 55-57 ! [dimension] 56-58 ! [baseline] 57-59 ! [spacing]
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1-2 +[update] 2-4-6-10-14-16-20-29-31-33-35 +[dependent] 3-22-23-24-25-26 +[syntax, right shift] 7-12 ! [wetness: smudging]8-10 +[spacing] 8-11 ! [placement] 12-17 ! [baseline] 17-18 +[update] 18-21 ! [articulation, saturation] 28-30-32 +[articulation, dimension, saturation]39-40 +[update] 40-41 +[syntax, dwindling] 43-44 +[baseline]
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1-4-6-9-11-28-39-53-63-65 +[dependent] 3-13 ! [reacts] 7-8 +[update] 10-18 +[update] 14-15 +[update] 15-16 +[dependent] 17-19 ! [disconnected]21-22 ! [syntax] 22-24 ! [spacing] 25-27 ! [spacing] 25-29-30-31-32-34-36 +[syntax, right shift] 26-27 +[spacing] 26-29 ! [reacts] 28-38-39-40 +[spacing]

34-35 ! [free expansion]35-36 ! [reacts] 42-44 ! [free expansion]43-44 ! [reacts] 43-67 ! [semantic] 44-52 ! [baseline] 45-46-49-50 +[saturation, syntax] 48-49 ! [reacts] 48-57 ! [disconnected]49-59 ! [spacing] 51-54-55 +[saturation, articulation] 53-60 ! [pressure] 54-68 ! [articulation, saturation, angle]

55-69 ! [articulation, stroke width, angle]56-58 ! [spacing] 61-64-67-68 +[saturation, articulation] 70-71 +[saturation, dimension] 70-72 ! [angle] 72-73 +[saturation] 74-76 ! [angle]
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1-3-5-8-21-26-31-33-35 +[dependent] 5-7 ! [spacing] 9-49 ! [syntax] 10-12-14 ! [articulation, saturation] 13-18 +[update] 13-24 ! [syntax, dimension]14-37 ! [baseline, saturation, articulation, dimension]17-18-19 +[dependent] 17-47 ! [wetness: smudging]20-22-23-24 +[syntax,

dimension, saturation, articulation]24-44 ! [syntax, articulation, saturation]28-29 +[update] 29-30 +[dependent] 33-43 +[dependent] 34-42 +[syntax] 36-49 ! [syntax] 37-39 ! [baseline] 47-48-49 +[articulation, saturation]
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       1 RONGE, JULIA, https://www.beethoven.de/en/media/view/5205250810052608
         /scan/0  [accessed: 15 September 2025].
                         2 RONGE, JULIA, https:// www.beethoven.de /en/media/view/5759956976402432/scan
      /0 [accessed: 15 September 2025].
              3 BEETHOVEN, LUDWIG VAN, [Autograph copy excerpted from MozartÕs ÔDon GiovanniÕ: No. 15,
                             Trio, No. 19, Sextet] US-SPma (in Wc): ML31 .M6; https:// lccn.loc.gov /2023870347.

          4 Cf. reference no. 2.
                5 BEETHOVEN, LUDWIG VAN, [Autograph: Letter to Breitkopf & HŠrtel, 23 August 1811] D-BNba: HCB 
     Br 96.

BACKGROUND : To date, BeethovenÕs learning process has not received nearly as much atten-
tion  as his creative process. It is well known that he copied from operas by Mozart and others.
The established narrative goes like this:  ÔHe often made copies [É] for a concrete reason, as a pos-
sible solution to a specific problem. Beethoven completed the copies from ÓDon GiovanniÓ around
1803/04. At the same time, he began work on his opera Leonore (Fidelio).Õ1 ÔHe [É] wanted to learn
from Mozart how text was set to music and how to handle a voice in the Òcorrect mannerÓ.Õ2

M OTIVATION : At first, this sounds entirely plausible. However, to assume a direct causal link between 
these copies and Leonore/Fidelio  could well be a form of survivorship bias,  leading us to ask of the
copies only questions to which Leonore or Fidelio have the answer. It is well possible that Beethoven 
produced them with his first libretto Ð Vestas Feuer Ð in mind, before dropping it for the Leonore text.
Either way, in making them, he was studying opera. But there is more to opera than  the differences
which the voice brings with it: What about form  and dramaturgy ? After all, in his lessons with Salieri on
vocal composition, Beethoven was already focusing on how to set text Ð albeit Italian Ð to music and how
to treat the voice.
RESEARCH QUESTIONS: In what way did MozartÕs Don Giovanni, from which Beethoven predominantly
copied in a German translation Ð bar one number in the Italian original Ð offer new insights? How does a 
micro -analysis of these unique* documents allow for entirely new perspectives on his learning process?
   * BeethovenÕs operatic excerpts pose relatively rare instances of score settings of all vocal parts in
                  ensemble numbers, a stage which he habitually skipped between sketching and
                                  the final score, integrating it into the latter as one of
                                                                its initial stages.

            MATRIX: The most probable writing or -
             der is deducted from palaeographic ob- 
             servations and textual context and recor-
        ded  in tabular format (    = writing order ,       = bar 
structure ). The staves are colour-coded analogously to 
the visible light spectrum: high =         , low =          .
Bar lines (    ) are extended vertically through all rows.

GRAPH: Temporal relationships between individual wri-
ting episodes (= rows) are recorded in a directed graph
(       = coordinated ,      = uncoordinated ).
Edge labels  (= palaeographic evi-
dence) are gathered
below.

Can also be done on gridded
paper or in MS 
Excel. 
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1-6-12-26-36 +[dependent] 2-3 ! [reacts] 2-4 +[update] 3-4 ! [reacts] 5-6 +[spacing] 6-8 ! [collision] 8-9 ! [free expansion]10-11 ! [free expansion]11-12 +[spacing] 12-17 ! [pressure] 12-18 ! [pressure]

13-14 ! [reacts] 14-15 +[semantic] 15-16-17 +[update] 19-20 +[syntax] 19-30 ! [reacts, collision]22-24 ! [spacing, angle]24-28 ! [articulation] 25-26-27 +[spacing] 26-32 ! [collision] 27-28 +[syntax] 27-41

+[update] 29-31 ! [syntax] 31-32 ! [free expansion]32-34 ! [baseline] 34-38 ! [free expansion]35-36 +[spacing] 36-37 ! [collision] 36-38 ! [collision] 36-39 ! [pressure, collision]36-41 ! [pressure] 36-42

! [pressure, collision]38-39 +[syntax] 40-41 +[dependent]
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BeethovenÕs auto-
    graph excerpt
     from MozartÕs
       Don Giovanni
          in a rare
           German 
              trans-
               lation

held by the
      Library of
        Congress

           in
            Washington,
             D.C.3

Have a look at this
animation (no sound):

A
utum

n 2025

         VISION:
  Could the matrices be generated

automatically based on maximally enriched 
      graphs resulting from computer

          vision applications?

FortunatelyÉ

        BeethovenÕs handwriting
         is far from calligraphic con -
         formity . It captures time by
       reacting to its surroundings, expan-
        ding and compressing, avoiding
          collisions where possible, mor -
            phing  slightly over
            time.

TRENDS across the breadth of matrices
pertaining to BeethovenÕs learning process suggest:
! More horizontal than vertical progression; high-level system structuring 

and chunking either to increase overall writing speed or in response to
musical complexity.

! Conscious consideration of page layout for optimised overview.
! Cycling through voices high-to-low instead of filling in scaffold based on bass

and top voice; Hauptstimme approach in polyphonic passages.
! Overcoming of bar lines in favour of phrases; musical foresight; bar lines pro-

duced  autonomously rather than copied visually.
! Often pairwise chunking of music and text; Ôwriting rhythmÕ.
! Neglect of rests; prioritisation of that which sounded.
       High degree of plasticity, reactiveness, and independence (somewhat unexpected for simple ÔcopiesÕ).
CONCLUSION : These observations allow us to see Mozart through BeethovenÕs eyes and to infer that Beethoven
was especially interested in proportion, timing, and structure . Perhaps the aim was less to learn Ôhow to handle a
voice in the Òcorrect mannerÓ Õ4 Ð his neglect of rests hints at that Ð than to gain a better, more concentrated over -
view than a full score could provide . Together with copies from SalieriÕs Les Dana•des, Don Juan further en-
riched  BeethovenÕs exercises in Italian vocal composition with Salieri, providing ample insight into German -
language prosody  (as the Dana•des did for French). The high degree of autonomy  achieved in the copy -
ing  process might be what led him to treat ÔMozartÕs Don Juan [É] as if it were my ownÕ.5
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1-14-16-33-37 +[dependent] 2-4-7 +[right shift] 2-8 ! [dimension, placement]3-4 ! [reacts] 4-5 ! [reacts] 4-9 ! [spacing] 6-7 ! [reacts] 6-10 +[baseline] 7-10 ! [spacing, dimension, placement]8-9-10 +[right shift]

12-17 ! [baseline] 13-15 +[saturation] 14-15 +[spacing] 17-20 ! [reacts] 18-19 +[angle] 18-20 ! [spacing, angle]19-21 ! [dimension] 21-22 +[saturation] 21-25 ! [baseline] 22-23-24-25 ! [defect] 27-28 ! [reacts]

28-29 ! [reacts] 31-32 +[right shift] 34-35 ! [pressure] 34-36 ! [pressure] 35-36 +[right shift] 35-36 ! [reacts] 36-37 +[spacing] 38-40 ! [spacing] 39-40 ! [reacts] 41-42-43 +[update] 43-44 +[syntax]
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1-2 +[spacing] 1-7-10 +[dependent] 2-6 ! [spacing] 2-3-4-5 +[right shift] 5-6 +[spacing] 7-18-25 +[dependent] 9-10 +[spacing]
9-11 ! [free expansion]10-15 +[update] 12-13-14 +[right shift] 16-17 +[syntax] 16-19 +[right shift] 18-19 ! [pressure] 18-20
! [pressure] 18-22 ! [pressure] 19-22 +[right shift] 20-21 +[update] 23-24 ! [free expansion]23-26-27 +[dimension, articulation]

1

2

3

4
5

6

7

8
9

10

11

12

13

14
15

16

17

18
19

20

21

22

23

24
25

26

27

p4sys1


