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Scoring up
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Mensural Notation
(An Introduction)
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Mensural Notation

Notes Values
Name Shape Perfect Imperfect
 Thereis a clear hierarchy longest M | e 9 7 9 q 9
in the note duration o
E1 O O O O O
Breve - o o o o O
v
shortest Semibreve o i l J> L L
O - O - Mensuration
IxO 2xO 1xO  3x90 Establishes the relation

between the note values
(“perfect” or “imperfect”)



In perfect mensurations, the
duration of the individual note
symbols is not absolute, but
rather depends on context



Examples of Context Changing the Note’s Duration

Mensuration: Breve=3 - Breves are perfect by default

A R pTT -
i O O @ 0O | Principles of
:oooioooioooi /mperfectiqn
------------------- and Alteration
i i Imperfection

o o o 0o o port t - Imperfect

o o/ e | 50 0 ! erfec mperfec
rTTTT [ FTTTTT -
O QO O O - O \ Alteration )
o000 o0 100 0!

———————————————————————————————————

S O Franco of Cologne
Ars Cantus Mensurabilis (ca. 1280)



The Scoring-up Tool




Algorithm

Mensuration: Breve=3 - Breves are perfect by default

o ¢ B o 9 l l N = A A, =



Algorithm

Mensuration: Breve=3 - Breves are perfect by default

W o (5 o 8 d oo o fa
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Algorithm

Mensuration: Breve=3 - Breves are perfect by default
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Example: (sequence bounded by breves)

PSR S SN O P

Example in perfect tempus and minor prolatio
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Example: (sequence bounded by breves)

ale $4 6 b 6 o ofa

7 semibreves

Example in perfect tempus and minor prolatio
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Example: (sequence bounded by breves)

2o 48 o dd o 0 s

7 semibreves

Two groups of 3 semibreves

Example in perfect tempus and minor prolatio

+
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Example: (sequence bounded by breves)

alo 4d o §do o ofa

7 semibreves Two groups of 3 semibreves

Example in perfect tempus and minor prolatio
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Number N of semibreves Number P of perfect

General Interpretation Alternative Interpretation

Imperfection (by following) B Imperfection (by preceding)

Imperfection (by following)
&

Imperfection (by preceding)

between the boundaries groups of semibreves

P=0 Alteration

N=3P+2
Imperfection (by following)
P>0 & Alteration
Imperfection (by preceding)
P=0 _
_ Imperfection (by following)
P=1 &
N = 3P Alteration
Imperfection (by following)
P>1 & -
Alteration




Number N of semibreves Number P of perfect

General Interpretation Alternative Interpretation

Imperfection (by following) @ Imperfection (by preceding)

Imperfection (by following)
&

Imperfection (by preceding)

between the boundaries groups of semibreves

Alteration

N=3P+2
Imperfection (by following)
P>0 & Alteration
Imperfection (by preceding)
P=0 _
_ Imperfection (by following)
P=1 &
N = 3P Alteration

Imperfection (by following)
P>1 & -
Alteration




Number N of semibreves Number P of perfect

General Interpretation Alternative Interpretation

between the boundaries groups of semibreves

N=3P+1 P>=0 Imperfection (by following) B Imperfection (by preceding)
Imperfection (by following)
P=0 Alteration &
Imperfection (by preceding)
N=3P+2

Imperfection (by following)
P>0 & Alteration
Imperfection (by preceding)

Imperfection (by following)
P=1 &
N = 3P Alteration

Imperfection (by following)
P>1 & -

Alteration




Number N of semibreves Number P of perfect
between the boundaries groups of semibreves

General Interpretation Alternative Interpretation

N=3P+1 P>=0 Imperfection (by preceding)
Imperfection (by following)
P=0 &
Imperfection (by preceding)
N=3P+2
P>0
P=0
Imperfection (by following)
P=1 &
N = 3P Alteration
Imperfection (by following)
P>1 &
Alteration




Number N of semibreves Number P of perfect

. . General Interpretation Alternative Interpretation
between the boundaries groups of semibreves P P

Imperfection (by following) § Imperfection (by preceding)
Imperfection (by following)
P=0 Alteration &
Imperfection (by preceding)
N=3P+2
Imperfection (by following)
P>0 & Alteration
Imperfection (by preceding)
P=0 _
Imperfection (by following)
P=1 &
N = 3P Alteration
Imperfection (by following)
P>1 & -
Alteration




Number N of semibreves Number P of perfect

. . General Interpretation Alternative Interpretation
between the boundaries groups of semibreves P P

Imperfection (by following) § Imperfection (by preceding)

Imperfection (by following)

P=0 Alteration &
Imperfection (by preceding)
N=3P+2
Imperfection (by following)
P>0 & Alteration
Imperfection (by preceding)
P=0 :
_ Imperfection (by following)
P=1 &
N = 3P Alteration

Imperfection (by following)
P>1 &
Alteration




Example: (sequence bounded by breves)

o dd o ds o ofm

7 semibreves

Two groups of 3 semibreves @

Example in perfect tempus and minor prolatio
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Example: (sequence bounded by breves)

e Mo Moo o

"/ "aauas" | wnmmmmmaas®  "sases® wsssmssnsns® | "sasss”  Csasas®  Csasas \_)
O 0K 1 2 3 4 5 6 7

oottt er ey e m e e e e e |
00 o 19 0 o 0 o O 1000

7 semibreves

Two groups of 3 semibreves @

Example in perfect tempus and minor prolatio
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Example: (sequence bounded by breves)

7 semibreves

Two groups of 3 semibreves @

Example in perfect tempus and minor prolatio
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Example: (sequence bounded by breves)

.................................. —

1 2 3 4 5 6 7 ,0/ SRY

OO O O O O O O O VRV
0001 6 o o e o o o 00 !

L e e e m o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e e o e e e e e e e e e e e e e e e = o e )

7 semibreves = Two groups of 3 semibreves @

Example in perfect tempus and minor prolatio
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Scoring-up Tool

* Deals with the context-dependent nature of mensural notation

* By implementing the “principles of imperfection and alteration”

 Deals with other non-context-related features:
* Dots of augmentation

* Coloration



Scoring-up Tool

* Deals with the context-dependent nature of mensural notation

* By implementing the “principles of imperfection and alteration”

 Deals with other non-context-related features:

* Dots of augmentation —

e Coloration

When?
Distinguish between “dots of division”
and “dots of augmentation”

L

division

augmentation
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Scoring-up Tool

* Deals with the context-dependent nature of mensural notation

* By implementing the “principles of imperfection and alteration”

. divisi
e Deals with other non-context-related features: HISIen % 4
When? ﬁ' 6_ -
* Dots of augmentation —— | Distinguish between “dots of division” ¢ 0
and “dots of augmentation”

e Coloration augmentation
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Scoring-up Tool

* Deals with the context-dependent nature of mensural notation

* By implementing the “principles of imperfection and alteration”

 Deals with other non-context-related features:

When?
* Dots of augmentation —— | Distinguish between “dots of division”
and “dots of augmentation”

* Coloration » |  When does coloration affect the note value?
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Scoring-up Tool

> Pitch

» Note shape
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MEI file
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MEI file

Contratenor part
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Mensural
Scoring-up
Tool

Determine

note duration

based on contextual
and non-contextual
cues

Merge all files
together

Superius

Tenor

Contratenor

Mensural
MEI file

(Verovio

%
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Data used for the Experiment

Pieces from the XIV and XV Centuries

Century

XIV

XV

Project

Measuring Polyphony Project
(Karen Desmond

http://measuringpolyphony.org)

Josquin Research Project
(Jesse Rodin,
Craig Sapp,
Clare Bokulich)

Format

Mensural MEI

Modern transcriptions
converted into
Mensural MEI using:
SibMEI + Mensural MEI
Translator

Composers and Sources Number of Pieces

Vitry, Machaut, 8
Anonymous
(Ilvrea Codex)

Du Fay and Ockeghem Du Fay: 5
(GB-Ob, Dijon, Mellon, Ockeghem: 5
Laborde, Wolfenbiittel)


http://measuringpolyphony.org/

Results

* Accuracy: 98%

* Only 55 mislabeled notes out of 2866 notes of ambiguous
duration

* Most common source of error: absence of the dot of division



Example:

hree Separate Parts

A
. .
Superius #, I < > *— !E =
D) - '
F 1
e
1 ) 0—.—
A . N A |
Tenor [ - ~ e o h— =  —
:‘él A v v v
.
W N
i
=
A -
Contratenor # = ~
DR
V. o hA " A
vV v -V O A v
y v o [S) e
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In Quasi-Score Format — Without Scoring-up Tool
(notes are not aligned)

- A
Superius # I —i= S, o 15 o — ¢
Dj
A S
Tenor é I 5 = b e . tﬁ F—— —
o =
A _ i =
Contratenor | [Z& ) = - = o @
¢ a |
N . v = - v
pﬁ o ——1 : 1 o o o | - t.
. e —— = S e —
< = < [N > [ [\ [\ { || -
= -t
& s— ge_l:i—he T < .  — & 5 = ——
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In Score Format — With Scoring-up Tool
(modification values encoded)

s A
Superius |[Za— I - e . N = 2
oA ~ bl .
Y|
g =
Tenor | [Za— — Q> - A2 . N . ——
ANV h
%
A
Contratenor é - > = = = 5
o) © = - o
-E “ o | ~ LN LN :
A\ = = AL f
=

'
Z
%

%
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Conclusions

* The scoring-up tool presents the piece in score format
* Preserves the original note values

* Facilitates visualizing the vertical sonorities and studying the relation

between the voices of a piece



Future Work
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Thank youl!
https://github.com/elvis-project/scoring-up

SIMSSA
i

. Single Interface for Music . M[E[i
. Score Searching and Analysis erovio i
Social Sciences and Humanities Conseil de recherches en C dl*l
Research Council of Canada sciences humaines du Canada ana a

o . mma Schulich School of Music DISTRIBUTED DIGITAL MUSIC
& J\% (€511 === Ecole de musique Schulich DDMAL ARCHIVES &y LIBRARIES LAB

GBI Centre for Interdisciplinary Research bty gul e
YUYl in Music Media and Technology Québec
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https://github.com/elvis-project/scoring-up

Table 7: Type of errors in the scoring-up output.

Mislabeled notes Total of
Types of Error No. of errors : .
per instance mislabeled notes
8 2 16
Missing dot of division 3 3 9
Errors in the sources -
Mistakenly colored note 1 1 1
Incomplete hemiola group 1 2 2
Dot of alteration 3 2 6
Errors in the experiment Dot misplacement 1 ! 1
P Last note’s undetermined duration 7 1 7
Semibreve rest lines 2 2 4
.. ) 2 in 4 instances 8
Transition to XVI c. mensural notation 5 -
1 in another 1

40



Absence of a dot of division



Discantus

Tenor

Contra

/ A

i : = S —
D) B——1°
Ha, For- -tu- -ne, n'as tu pas
&
Plus ne de- -si- -re que la
ol
é 3> 1 e - E ¢ <5 -
? [\ 1“7 [\ IV
Ha, For- -tu- -ne, n'as tu pas
&
Plus ne  de- -si- -re que la
PR - - - - 1
é it ; [\) %
A S L b
Ha, For- -tu- -ne, n'as tu pas
&
Plus ne de- -si-  -re que la




"Al 1T T % %{ . "#Ai_‘ i{ g %Q. %%
Discantus é P = & < S ‘_i_.e - = + 5 0—*: Discantus (&2 [\] < [\) &_e S =t 4
) o ) v
Ha, For- -tu- -ne, n'as tu  pas ?‘a. For- -tu- -ne, n'as tu pas
& -
Plus ne de- -si- -re que la " Plus ne de-  -si- -re  que la
o) .
T T 1 - - H 9 .
1791 | ™t = > [\ 30 1 Tenor S o | [\
Tenor %v — = — 33— % [\ S—co—\
Ha, For- -tu- -ne, n'as tu pas ga, For- -tu- -ne, n'as tu pas
&
Plus ne  de- -si- -re que la R Plus ne de- -si- -re que la
fl SeSSema - - 1 ;S S Sai S " - - o= - e A .
v A 1 1 L \J + l
Contra #l‘;' — " ] Contra ﬁ 2> — ; I
a7 v —
'\§V o | o N * : iI < & [\) v \\?V - o | o S * : il [\] $ £\
———————————————————— 4 L - e e R e e e e e e e e e e
Ha, For- -tu- -ne, n'as tu pas ga, For- -tu- -ne, n'as tu pas
&
Plus ne de- -si-  -re que la Plus ne de- -si- -re que la
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o) o O HIy O 9o, =
& SN : 5
D)
e qu a -li-xan-dre hot en sa vi e
[ e e ot e e i
T = vV &S A ! L A o
#l —_ O . 4 1 v [\
7 i -
est tou - te la mieux par - ti e
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O i O O Hlo O 909 , = _
triplum # =
J
e qu a -li-xan-dre hot en sa vi e
i etk e e B S
T vV [\ T T
motetus #{ —— : 4 I —to
P ; )
est tou - te la mieux par - ti e
-1 & o O Hlo © 99, &
triplum # =
Pl
e qua-li - xan - dre hot en sa vi e
S A A D M A S S |
MOtetus P S (L —— i ——To
w | -
est tou-te la mieux par - ti e
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D>

Superius |i oo ' =
) =
A - "
|
Tenor \#y REERA = - 3 ~ 0‘
D) =
4 | [\ = ’,-\=
Contratenor # o [\ 30 yo— 91'”-'—[ . —= T S—
ANV A

'
o®
-
¢
\N

Figure 4-6: Ground truth interpretation of Ock3009 (contra voice) as found in Dijon based on a

modern transcription.

D>

Superius | [z = o = s 3 . I
ANIY4 E\] H
D)
A
[\ N S\ ) || - Alt
Tenor |ifas = - SESs==—-—
A d I-\
Contratenor # = pa— & > & ? T = & =
i N

Alt
Figure 4-7: Incorrect interpretation from scoring-up tool of Ock3009 (contra voice) as found in
Dijon.
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Placement of the dot of
division



Cantus ——

| 3 . = s
Altus | s — 9 s 4
Tenor | r— = . -

Figure 4-16: Ground truth interpretation of Duf16002 (altus) based on a modern transcription.
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Last note



triplum

motetus

tenor

N\

>

| |

| - |

# - | N AN A o [\ . p. A
v v v KN v H < v p. o
ANV A, 4 S
) x N
nul - la fi-des pi-e - tas-que— vi-ris qui ca - stra se -cun - tur.
o)
Pl
tis ma - la per in-nu-me-ra dum ma gis op-ta - tis.
o)

=

e

«®

Figure 4-19: Interpretation from scoring-up tool of IvO01’s ending. Even though the last note of
all voices is reached at the same time, the tenor ends sooner than other voices given that the
last notes are interpreted according to the mensuration (perfect modus in triplum and motetus,

and imperfect modus in the tenor).
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Missing information regarding
the staff-line in which a rest lies



Cantus é—a
= —— —
K\ Y -
-ne, Ri1- -ches- -se, hon- -nour,
-ne; Ain- -si pour- -rez
-ne; Tous vos de- -Sirs
Contratenor = P E— ) >
=
Cantus g—a -
— 0 § 0 ==
e =
-ne, Ri- -ches- -se, hon- -nour,
-ne; Ain- -si pour- -rez
-ne; Tous vos de- -SIrs
Contratenor = > — >
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Errors due to situations out of
the scope of the principles of
imperfection and alteration



Discantus

Tenor

Contra

‘A Ao A
o ———— o —
Dt m
)
per, ne vous ver- -ray
quiers vi- -vre heu- -re  ne
A > & " > ~
% == .
o
per, ne vous ver- -ray je
quiers vi- -vre heu- -re ne de-
o)
# = A
v ¥ W
\\‘?f[ L\ v | D
Discantus
Tenor
Contra

/ A A A
# - — »— ‘ 0 4 = 4
ANV [\ m
D .
per, ne vous ver- -ray je
quiers vi- -vre heu- -re ne de-
A < o n < i
% == .
Cl
per, ne vous ver- -ray je  my-
quiers vi- -vre heu- -re ne de- -my-
o)
e s
7. N
Dj ) =
\
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Other errors (sources)



Figure 4-10: Tenor voice in Ock3009 according to Dijon.

A‘_“ "N !..' | 52,_\, .
. “" CIINTY
3 ’CJJ LLg 1%_&

R fm\%}-

: memum |

rE-¥ul -
"\ A MA M
l\( E ¥ %N "'»,\ - f‘-'—r Sr_

ST 14 ¥ nﬂw»— L SRy

,,s.
ma"‘” gmﬁr N e LT
”"‘ '- .".';'> t’{
a AL : -: " iy ;

.JA

;!lx‘

Figure 4-11: Tenor voice in Ock3009 according to Mellon.
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Other errors (experiment)



Incompleteness of hemiola group coloration

Discantus

Contra

Tenor

 « Bruatndeatadsciolimkocn ke
1 1 " N [\ p. o 2 N
iw;l = [ ) Q_-_:,_E [\) © [ 4 A 7. N — — —
. 7y : o . i e :
He- -las, je suis con- -tre mon vueil en v e Et si n'est
Mo- -rir ne puis et tous- -jours m'y con- -vi- -e, Et m'est bien
2 ¢ o
# (A 0 [\) ¢ - 4 ~ 4 4 @
ANIY4 Q2 —
D) < -
He- -las, je suis con- -tre mon vueil en Vi- -e, si n'est
Mo- -rir ne puis et  tous- -jours m'y con- -vi- -e, m'est bien
o } - 0 & e
F——wm—=—
Z ,
He-" -Ias,je “suis” con- -tre mon vueil en  vi- -e, Et sl n'est
Mo- -rir ne puis et tous- -jours m'y con- -vi- -e, Et m'est bien

Figure 4-18: Ground truth interpretation of Ock3016 based on a modern transcription.
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