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Computers are changing how we acquire and share music

[Screenshot of iTunes® removed due to copyright restrictions.]
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Using computers to analyze and manipulate audio3



Computers are changing how composers notate their scores

Finale® user interface © MakeMusic, Inc. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse. 
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Despite all the advances in using Computers in 
Music

practically nothing has changed in 
how computers are used to analyze scores.
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Simple things that a computer should know 
about music but doesn’t…

Scales … 

D             E             F        G       A       B
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Simple things that a computer should know 
about music but doesn’t…

Meter…
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Simple things that a computer should know 
about music but doesn’t…

Elementary Harmony:
Which of these is more 
dissonant?

Stravinsky Rite of Spring

Mozart Piano Sonata in C major
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The problem with doing large-scale analysis is that in order to say 
something useful about, say, the key of a piece, you need a system that 
can identify and work with a phrase…9



…and in order to work with phrases you need an object model that understands 
chord progressions.  And in order to work with progressions you need to be able 
to classify individual chords…and to do that you need a robust way of modeling 
notes.  So a small problem becomes a bigger and bigger problem.10



Hypothetical Example from Computer-aided Linguistics:
Using Sentence Structure to find Spam E-Mails
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Hypothetical Example from Computer-aided Linguistics:
Using Sentence Structure to find Spam E-Mails

Available Packages for Sentence Parsing (a quick search):

Stanford Natural Language Processing Group 

Apple Pie Parser (NYU)

SenDraw @ University of Central Florida

OpenNLP sentence parser
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Hypothetical Example from Computer-aided Linguistics:
Using Sentence Structure to find Spam E-Mails

[Screenshots of online thesarus, dictionary, and word lists 
removed due to copyright restrictions.]
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Hypothetical Example from Computer-aided Linguistics:
Recognition of text characteristics that we take for 
granted

Burst of énergie.
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Hypothetical Example from Computer-aided Linguistics:
Recognition of text characteristics that we take for 
granted

Capital letter              space                                            punctuation

vowel                         foreign diacritic

two-letter word

letter descends below the line

Burst of énergie.
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Examples of Humdrum (David Huron) code:

Problem: “Do the words ‘high’, ‘hoch’, or ‘haut’ coincide with high notes in 
the text?”  
Solution: Compare “semits * | text | extract -i '**semits,**text' | ditto -s = \ | 
egrep -i '^\*|high|hoch|haut' | extract -i '**semits' | stats” to “semits * | 
extract -i '**semits' | ditto -s = | rid -GLI \ | stats”

Problem: “Convert one of Arnold Schoenberg’s 12-tone rows to a 12-tone 
matrix.”
Solution: X=0 ; while [ $X -ne 12 ] ; do ; reihe -a -P $X $3 | rid -GLId | head 
-$2 > P$X ; reihe -a -I $X $3 | rid -GLId | head -$2 > I$X ; reihe -a -R $X $3 
| rid -GLId | head -$2 > R$X ; reihe -a -RI $X $3 | rid -GLId | head -$2 > 
RI$X ; let X=$X+1 ; done 
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music21: libraries for importing and 
exporting many formats

In only                               In & Out            Out only
abc MusicXML Lilypond
MuseData Stage 2           MIDI                 Orange

MD Stage 1                   Scala Weka
Humdrum/KERN            Braille
NoteworthyComposer
romanText (Tymoczko or Clercq/Temperley flavors)
Monophonic audio
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Simpler

Problem: “Convert one of Arnold Schoenberg’s 12-tone rows to a 
12-tone matrix.”

Humdrum Solution: X=0 ; while [ $X -ne 12 ]  ; do ; reihe -a -P $X 
$3 | rid -GLId | head -$2 > P$X ; reihe -a -I $X $3 | rid -GLId | head 
-$2 > I$X ; reihe -a -R $X $3 | rid -GLId | head -$2 > R$X ; reihe -a -
RI $X $3 | rid -GLId | head -$2 > RI$X ; let X=$X+1 ; done 
(produces 48 files on disk)
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Simpler

Problem: “Convert one of Arnold Schoenberg’s 12-tone rows to a 
12-tone matrix.”

Music21 solution:
print serial.rowToMatrix([0,2,11,7,8,3,9,1,4,10,6,5])

0  2 11  7  8  3  9  1  4 10  6  5 
10  0  9  5  6  1  7 11  2  8  4  3
1  3  0  8  9  4 10  2  5 11  7  6  
5  7  4  0  1  8  2  6  9  3 11 10  
4  6  3 11  0  7  1  5  8  2 10  9  
9 11  8  4  5  0  6 10  1  7  3  2  
3  5  2 10 11  6  0  4  7  1  9  8 
11  1 10  6  7  2  8  0  3  9  5  4  
8 10  7  3  4 11  5  9  0  6  2  1  
2  4  1  9 10  5 11  3  6  0  8  7  
6  8  5  1  2  9  3  7 10  4  0 11  
7  9  6  2  3 10  4  8 11  5  1  0
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Built in Analytical Libraries

Metrical Analysis

>>> from music21 import *
>>> bwv11_6 = corpus.parse('bach/bwv11.6.xml')
>>> alto = bwv11_6.parts['alto']
>>> excerpt = alto.measures(13,20)
>>> analysis.metrical.labelBeatDepth(excerpt)
>>> excerpt.show()

21



Problems of automated CMN analysis

Pickups

Cadenzas
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On the 
beat

Before 
the beat
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The next 3 
slides are 
by William 
Andrew 
Burnson

Courtesy of William Andrew Burnson. Used with permission.24



Courtesy of William Andrew Burnson. Used with permission.
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Courtesy of William Andrew Burnson. Used with permission.
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If it’s such a pain, why do it?
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Courtesy of MIT Press. Used with permission.
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Source: Tymoczko, Dmitri. A Geometry of Music: Harmony and Counterpoint in the Extended Common
Practice. Oxford University Press, 2011. © Oxford University Press. All rights reserved. This content is
excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Some domains for Computational Musicology

Mozart accompaniment patterns

Aaron Copland’s harmonies

GIS and Gregorian Chant

Authenticity and Bach’s Works
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Cavalli, Gli amori d’Apollo e di Dafne

Giá dell’ Al – ba vi – ci - na L’au- re pre-cor-ri-tri  - ci.

Already daybreak is near                             The morning air outruns us.

Gap                      Small range
lowest note       highest note
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Gluck, Orfeo and Euridice + Random notes

Gluck’s pitches                     Randomly generated
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Some domains for Computational Musicology

Mozart accompaniment patterns

Aaron Copland’s harmonies

GIS and Gregorian Chant

Authenticity and Bach’s Works

Baroque Opera Arias

Randomness and Musical Style

Algorithmic Composition
33



results = stream.Stream()
for chorale in corpus.bachChorales:
analyzedKey = chorale.analyze('key')
if analyzedKey.mode == 'minor':
lastChordPitches = []
for part in chorale.parts:

lastChordPitches.append(part.flat.pitches[-1])
lastChord = chord.Chord(lastChordPitches)
lastChord.duration.type = "whole"

if lastChord.isMinorTriad() is True:
m = stream.Measure()
m.keySignature = chorale.flat.getElementsByClass('KeySignature')[0]
m.append(lastChord)
results.append(m)

results.show()

Bach usually ends minor-mode pieces in major.
When does he end them in minor?

34



35



36



37



38



schumann = 
corpus.parseWork('schumann/opus41no1', 3)
schumann.plot('pitch')

Schumann                                                                  
Chopin 39



Feature Extraction with music21

Why a new Feature Extraction System after jSymbolic?

Why go beyond MIDI?
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Some Elements MIDI Lacks

It does not record differences between enharmonic 
tones (such as E-flat and D-sharp), 

It cannot precisely encode microtones (pitch bend 
objects being notoriously unreliable and not portable), 

Few implementations support lyrics, 
Differences between an eighth note and a staccato 

quarter is erased
Chord symbols are not supported, and so on.
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[0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.66…, 0.0, 0.0, 1.0, 0.0, 0.0]

Pitch class frequency (C, C#, D, D#/Eb, E, …) where 1.0 is the most common
pitchclass, 0.5 = half as prevalent as the most common, pitch class, etc.  
C-sharp is highlighted
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[0.0, 0.5, 1.0, 0.0, 0.6, 0.0, 0.4, 0.2, 0.0, 0.7, 0.0, 0.1]

After pitch realization C-sharp goes from being non-existent to 
one of the more prominent pitches.
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from The rules of “musica ficta” according to
Nicolaus de Capua: Rule 3

Nota quod quando cantus descendit ditonum sane et 
inmediate ascendit unam uocem.  tunc de ditono
debemus facere semiditonum.

for further information, see Jan Herlinger, “Nicolaus de Capua, Antonio 
Zacara da Teramo, and musica ficta” in Francesco Zimei, editor, 
Antonio Zacara da Teramo e il suo tempo (Lucca: LIM, 2004), pp. 
67–89. 44



Nicolaus de Capua, the other three rules

or
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Zachara, Gloria “Rosetta”, PMFC 13.  Herlinger, 2004, 
p. 72

Courtesy of Libreria Musicale Italiana. Used with permission
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Encoded list of incipits and cadences of Trecento 
ballate
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Capua rules applied to Non creder, donna by 
Francesco da Firenze (Landini)
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But does it always work?
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Does “capua” fix aug./dim. unisons, 5ths, & 
8ves?

Augmented/Diminished 1/5/8 that “capua” left alone:
269

Augmented/Diminished 1/5/8 that “capua” fixed:
26  (9%)

Perfect consonances that “capua” left alone: 11522
Perfect consonances that “capua” made worse: 287  (2.4%)

(Is it better than nothing 3 out of 4 times? 
or worse than nothing 9 out of 10 times?)
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Reuse your repertory

Exploring tonal closure in ballate

52



Francesco da Firenze (or ‘Landini’) image from the 
Squarcialupi Codex 
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Francesco’s Tonality: Summary
Francesco Cadences

Total Same 64    46.4%      

Total Different  74    53.6%

Other Attributed Composers Cadences

Total Same 49    32.0%      

Total Different    104    68.0%

Anonymous Cadences

Total Same 28    37.8%      

Total Different  46    62.2%
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Francesco’s Tonal usage
Tenor notes at the beginning and first cadences of ballate

1st note       Cadence note           #
A same         0

different   16
total       16 (12% of total)

C same 12
different   7
total 19 (14%)

D same       25
different   7
total 32 (23%)
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1st note Cadence note  #
E same 0

diff.    2
total 2 ( 1%)

F same 8
diff. 8
total 16 (12%)

G     same    19
diff.   34
total 53 (38%)
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Making a corpus from a single example

A Canon by Johannes Ciconia
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Simultaneous 
retrograde 
solutions for 
Quod Jactatur

INTERVAL  INVERT?  SCORE
1                   113
1        Invert    -150
2                  -111
2        Invert     134

-2                  -119
-2        Invert      90
3                   121
3        Invert    -110

-3                   103
-3        Invert      92
4                   112
4        Invert     123

-4                   123
-4        Invert     125
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Short case studies

3. Searching in Medieval and Renaissance Music
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Cividale 98, folio 1r
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Cividale 98, digitally enhanced
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Exact matches are no problem for current 
databases
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But even the smallest musical changes pose 
problems
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But even the smallest musical changes pose 
problems

?
?
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sometimes melodies are 
higher or lower than in the 
database

rhythms change slightly

“skips” get filled in

music21 encodes information that solves 
these search problems.
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Code: Music21 for searching on Cividale 98 
piece
score.genre == “Ballade” or score.genre in 

medRen.MassMovements
score.manuscript.notation[“red”] is not False
score.timeSignature in[“6/8”, “9/8”]
for thisPart in score:

thisPart.notes.containsIntervals(-2, -2, -2)
search.notes.thisPart(“r8 r8 ?8 ?4. * r8 r8 ?4.”) is not None

This search has been simplified slightly for rapid presentation.
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Cividale 98, digitally enhanced
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Cividale 98, digitally enhanced and identified as a Credo by Zachara
da Teramo
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Short case studies

4. Producing digital and print editions in different styles
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from music21 import *
gloria = corpus.parse(‘luca/gloria’)
gloria.show()
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from music21 import *
gloria = corpus.parse(‘luca/gloria’)
gloriaNew = medren.convertHouseStyle(gloria, durationScale = 2, 

barlineStyle = ‘tick’, tieTransfer = True)
gloriaNew.show()
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Counting our Losses

Two questions about Medieval music:

(1) How many manuscripts of medieval polyphony were 
once copied but no longer exist?

(2) How many pieces of medieval polyphony were once
copied but no longer exist?
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Counting our Losses

What percentage of pieces of 14th c. Italian polyphony 
were once copied but no longer exist?

(a) 90% of them?
(b) 99% of them?
(c) 99.9% of them?
(d) 99.9999% of them?
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How could we figure out the answer?

N     x      P(m)   =    m
number of                    probability that             total # missing

pieces originally              any given piece                  pieces
is missing
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How can we find P(m)?
[ probability that we’re missing a given piece ]

What’s the probability that any given piece is in a given 
manuscript?

ri

N

ri  = number of pieces in that manuscript
N = total number of pieces originally copied. 

[a number we don’t know…]

* unquestioned assumption: pieces have equal 
probability of being copied.
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How can we find P(m)?
[ probability that we’re missing a given piece ]

What’s the probability that any given piece is NOT in a 
given manuscript?

ri

N

* unquestioned assumption still in play.

1 -
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How can we find P(m)?
[ probability that we’re missing a given piece ]

What’s the probability that any given piece is NOT in 
TWO given manuscripts?

r1                           r2

N                  N

* unquestioned assumption still in play.

(1 - )(1- )
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How can we find P(m)?
[ probability that we’re missing a given piece ]

What’s the probability that any given piece is NOT in 
ANY of all 85 surviving manuscripts?

* unquestioned assumption still in play.84



How could we figure out the answer?

N  x        P(m)        = m
number of                    probability that             total # missing

pieces originally              any given piece                  pieces
is missing

* unquestioned assumption still in play.85



N  x                        = m
number of                                                         total # missing

pieces originally                                                        pieces

How could we figure out the answer?

* unquestioned assumption still in play.86



What’s the number of missing pieces?

m     =     N    - s
# of missing               # of pieces             # of pieces      

pieces                      originally             that survive

* unquestioned assumption still in play.87



N  x                         =N  - s
# original                                                       # original     # surviving

pieces                                                            pieces             pieces

How could we figure out the answer?

* unquestioned assumption still in play.88
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Testing whether our model of “random copying” messes up the 
number for N.

Holdout cross-validation: 
Look at a subset of the data (say all manuscripts discovered 
before 1955) and see how many pieces we would expect to 
have today given the new manuscripts discovered since then.  
And then we compare that number to what we actually have.

Result:
Pretty good!  Estimates are about 4% too low.

* unquestioned assumption still in play.
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Original numbers for pieces in MSS 1380-1420

# today estimated original total    % missing
Ballate 409 507 19 %
Madrigals 167 177 6 %

Liturgical Pieces 116 196 41 %
Non-Liturgical 47 105                       55 %

Latin works

Total                          739                         985                      25 %
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Counting our Losses

How many pieces of 14th c. Italian polyphony were 
once copied but no longer exist?

(a) 90% of them?
(b) 99% of them?
(c) 99.9% of them?
(d) 99.9999% of them?
(e) 25% of them!

92



MIT OpenCourseWare
http://ocw.mit.edu

21M.269 Studies in Western Music History: Quantitative and Computational Approaches to Music History
Spring 2012

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

93

http://ocw.mit.edu/
http://ocw.mit.edu/terms

	21M.269 – Studies in Western Music History:��Quantitative and Computational �Approaches to Music History
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Despite all the advances in using Computers in Music
	Simple things that a computer should know about music but doesn’t…
	Simple things that a computer should know about music but doesn’t…
	Simple things that a computer should know about music but doesn’t…
	Slide Number 9
	Slide Number 10
	Hypothetical Example from Computer-aided Linguistics:�Using Sentence Structure to find Spam E-Mails
	Hypothetical Example from Computer-aided Linguistics:�Using Sentence Structure to find Spam E-Mails
	Hypothetical Example from Computer-aided Linguistics:�Using Sentence Structure to find Spam E-Mails
	Hypothetical Example from Computer-aided Linguistics:�Recognition of text characteristics that we take for granted
	Hypothetical Example from Computer-aided Linguistics:�Recognition of text characteristics that we take for granted
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Simpler
	Simpler
	Built in Analytical Libraries
	Problems of automated CMN analysis
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	If it’s such a pain, why do it?
	Slide Number 28
	Slide Number 29
	Some domains for Computational Musicology
	Cavalli, Gli amori d’Apollo e di Dafne
	Gluck, Orfeo and Euridice + Random notes
	Some domains for Computational Musicology
	Bach usually ends minor-mode pieces in major.�When does he end them in minor?
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	schumann = corpus.parseWork('schumann/opus41no1', 3)�schumann.plot('pitch')������������Schumann                                                                  Chopin
	Feature Extraction with music21 
	Some Elements MIDI Lacks
	Slide Number 42
	Slide Number 43
	from The rules of “musica ficta” according to� Nicolaus de Capua: Rule 3
	Nicolaus de Capua, the other three rules
	Slide Number 46
	Slide Number 47
	Encoded list of incipits and cadences of Trecento ballate
	Capua rules applied to Non creder, donna by �Francesco da Firenze (Landini)
	But does it always work?
	Does “capua” fix aug./dim. unisons, 5ths, & 8ves?
	Reuse your repertory
	Francesco da Firenze (or ‘Landini’) image from the Squarcialupi Codex 
	Francesco’s Tonality: Summary
	Francesco’s Tonal usage
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Simultaneous retrograde solutions for �Quod Jactatur
	Short case studies
	Cividale 98, folio 1r
	Cividale 98, digitally enhanced
	Exact matches are no problem for current databases
	But even the smallest musical changes pose problems
	But even the smallest musical changes pose problems
	Slide Number 68
	Code: Music21 for searching on Cividale 98 piece
	Cividale 98, digitally enhanced
	Cividale 98, digitally enhanced
	Slide Number 72
	Slide Number 73
	Short case studies
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Counting our Losses
	Counting our Losses
	How could we figure out the answer?
	How can we find P(m)?�[ probability that we’re missing a given piece ]
	How can we find P(m)?�[ probability that we’re missing a given piece ]
	How can we find P(m)?�[ probability that we’re missing a given piece ]
	How can we find P(m)?�[ probability that we’re missing a given piece ]
	How could we figure out the answer?
	How could we figure out the answer?
	What’s the number of missing pieces?
	How could we figure out the answer?
	Slide Number 89
	Slide Number 90
	Original numbers for pieces in MSS 1380-1420
	Counting our Losses
	Slide Number 93


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




