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5	  July	  2012	  

Data-‐rich	  approaches	  to	  authorship	  and	  
ascrip1on	  	  

Peter	  van	  Kranenburg	  
Meertens	  Ins:tute	  (Amsterdam)	  

5	  July	  2012	  

Outline	  

•  Authorship	  
•  Recent	  Research	  
•  Case	  
•  Future	  perspec:ves	  

2	  

5	  July	  2012	  

Authorship	  

3	   5	  July	  2012	  

Authorship	  

	  
	  
	  

Who	  is	  the	  author	  of	  this	  piece?	  

4	  

5	  July	  2012	  

Authorship	  

	  
	  
	  

What	  does	  ‘authorship’	  mean?	  

5	   5	  July	  2012	  

Authorship	  

Four	  func:ons	  (Harold	  Love,	  2002):	  
	  
Precursory	  Authorship	  

	  Incorpora:on	  of	  earlier	  wri:ng	  
Execu1ve	  Authorship	  

	  Crea:on	  of	  the	  actual	  text	  
Declara1ve	  Authorship	  

	  ‘Owning’	  the	  words	  
Revisionary	  Authorship	  

	  Edi:ng	  the	  text	  

6	  
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Authorship	  

Thomas	  Merriam	  (2002):	  
	  
	  
Who	  wrote	  Shakespeare?	  
	  
What	  did	  Shakespeare	  write?	  

7	   5	  July	  2012	  

Authorship	  

	  
	  

Authorship	  studies	  
•  external	  evidence	  
•  internal	  evidence	  (oZen	  proof	  by	  example)	  

8	  

5	  July	  2012	  

Authorship	  

	  
	  
	  

Can	  we	  measure	  personal	  style	  more	  precisely?	  
	  

9	   5	  July	  2012	  

Authorship	  

	  
	  
	  

What	  is	  personal	  style?	  

10	  

5	  July	  2012	  

Personal	  Style	  

Defini:on	  L.B.	  Meyer:	  
	  
“Style	  is	  a	  replica:on	  of	  paberning,	  whether	  in	  human	  behavior	  
or	  in	  the	  ar:facts	  produced	  by	  human	  behavior,	  that	  results	  
from	  a	  series	  of	  choices	  made	  within	  some	  set	  of	  constraints.”	  
	  

Style	  and	  Music,	  Chicago,	  1989.	  

	  
	  
	  

11	  

Allows	  for	  quan:fica:on.	  

5	  July	  2012	  

Personal	  Style	  

Three Levels for Constraints: 
 

 Laws 
  
 Rules 

 
 Strategies 

	  

12	  

Authorship 
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Recent	  Research	  

	  
	  

13	  

Trowbridge	  1986	  
Pollastri	  2001	  
Hippe	  2002	  
Cilibrasi	  2004	  
Hardoon	  2004	  
Kranenburg	  2004	  
Cataltepe	  2005	  
Wołkowicz	  2007	  
Geertzen	  2008	  
Lebar	  2008	  
Bellaachia	  2009	  
Hillewaere	  2009	  
Kranenburg	  2009	  
Pérez-‐Sancho	  2009	  
Hillewaere	  2010	  
Kaliakatsos-‐	  Papakostas	  2010	  
Dor	  2011	  
Mearns	  2010	  
Honingh	  2011	  
Kaliakatsos-‐Papakostas	  2011a	  
Kaliakatsos-‐Papakostas	  2011b	  
Taminau	  2011	  
Kranenburg	  2012	  

5	  July	  2012	  

Recent	  Research:	  Composers	  

J.S.	  Bach	  
G.F.	  Handel	  
W.A.	  Mozart	  
F.J.	  Haydn	  
L.	  v.	  Beethoven	  
F.	  Chopin	  
	  
	  

14	  

String	  Quartets	  

5	  July	  2012	  

Recent	  Research:	  Methods	  

Classifica:on	  of	  global	  feature	  vectors	  
Trowbridge	  1986;	  Hippe	  2002;	  Van	  Kranenburg	  2004,	  2009;	  Hillewaere	  2009,	  2010;	  Mearns	  
2010;	  Kaliakatsos-‐Papakostas	  2010;	  Kaliakatsos-‐Papakostas	  2011;	  Bellaachia	  2009;	  Honingh	  
2011;	  Dor	  2011;	  Taminau	  2011	  

N-‐gram	  approaches	  
Pérez-‐Sancho	  2009;	  Hillewaere	  2009,	  2010;	  Wołkowicz	  2007	  

Compression-‐based	  approaches	  
Cilibrasi	  2004;	  Cataltepe	  2005	  

Neural	  networks	  
Kaliakatsos-‐Papakostas	  2010	  

Markov	  chains	  
Pollastri	  2001;	  Hardoon	  2004;	  Kaliakatsos-‐Papakostas	  2011	  

Alignment-‐based	  learning	  
Geertzen	  2008	  

15	   5	  July	  2012	  

Recent	  Research:	  Summary	  

Main	  approach	  in	  recent	  computa:onal	  authorship	  abribu:on:	  
	  

Employing	  Machine	  Learning	  techniques	  
Evalua:on	  in	  terms	  of	  classifica:on	  accuracy.	  

	  

16	  
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Recent	  Research:	  Summary	  

1.  Digi:ze	  music	  
2.  Quan:ze	  composi:ons	  
3.  Derive	  sta:s:cal	  model	  for	  known	  composi:ons	  
4.  Test	  the	  model	  
5.  (Apply	  model	  to	  anonymous	  composi:ons)	  

	  

17	  

E.g.	  Mozart	  vs.	  Haydn 	  Kranenburg	  2004 	  79%	  
String	  quartets 	  Hillewaere	  2009 	  80%	  

	  Hillewaere	  2010 	  75%	  
	  Kaliakatsos	  2011a 	  72%	  
	  Kaliakatsos	  2011b 	  67%	  
	  Dor	  2011 	  74%	  
	  Taminau	  2011 	  73%	  

	  

5	  July	  2012	  

Case(s)	  

18	  
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Organ	  Fugues	  in	  Bach	  Catalog	  

19	   5	  July	  2012	  

BWV	  534	  

20	  

BWV	  548	  

BWV	  914	  

5	  July	  2012	  

BWV	  534	  Sources	  

21	  

J.Ch. Kittel (1732-1809) 

G.W. Körner (1809-1865) J.A. Dröbs (1784-1825) 

? 

? 

? 

? 

5	  July	  2012	  

BWV	  534	  in	  literature	  

J.N.	  Forkel	  (1802):	  not	  men:oned	  at	  all.	  
F.K.	  Griepenkerl	  (1844):	  in	  edi:on.	  
A.	  Schweitzer	  (1908):	  “gewal:ger	  Tragik”.	  
Ph.	  Spiba	  (1916):	  “ein	  etwas	  ungeordnetes	  Wesen”.	  
H.	  Keller	  (1950):	  no	  doubt	  
A.	  Dickinson	  (1956):	  “forced	  counterpoint”.	  
P.	  Williams	  (1980):	  bad	  copy.	  
D.	  Humphreys	  (1985):	  not	  Bach.	  Johann	  Chris:an	  Kibel?	  
P.	  Dirksen	  (2000):	  Wilhelm	  Friedemann	  Bach?	  

22	  

5	  July	  2012	  

Steps	  

1.  Digi:ze	  music	  
2.  Quan:ze	  composi:ons	  
3.  Derive	  sta:s:cal	  model	  for	  known	  composi:ons	  
4.  Test	  model	  
5.  Apply	  model	  to	  anonymous	  composi:ons	  

23	   5	  July	  2012	  

Digi1ze	  music	  

24	  
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Quan1za1on	  

Features	  for	  authorship	  abribu:on:	  
•  Independent	  of	  composi:on	  
•  Independent	  of	  date	  
•  Abundance	  
•  Measurable	  

25	  

Oeuvre	  
Genre	  

Composi:on	  
Sec:on	  
Phrase	  
Mo:f	  
Note	  

5	  July	  2012	  

Quan1za1on	  
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Intervals	  
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Quan1za1on	  
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Parallels	  
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Quan1za1on	  
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Dissonance	  
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Quan1za1on	  
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Time	  slices	  

5	  July	  2012	  

Features	  

30	  

Feature	  
PartSeconds	  
PartThirds	  
PartFourths	  
PartAugFourths	  
PartDimFiZhs	  
PartFiZhs	  
PartSixths	  
PartSevenths	  
PartOctaves	  
ParThirds	  
ParFourths	  
ParSixths	  
StepSuspension	  
VoiceDensity	  
DissPart	  
BeginBarDiss	  
HarmonyEntropy	  
PitchEntropy	  
SonorityEntropy	  
StabTimeslice	  

BWV	  545	  
0.0638009	  
0.257315	  
0.0950226	  
0.0180995	  
0.0226244	  
0.127753	  
0.2	  
0.0794872	  
0.131976	  
0.092006	  
0.0214178	  
0.0766214	  
0.186124	  
0.8125	  
0.467136	  
0.616822	  
5.86014	  
4.81455	  
4.33399	  
0.312442	  

Krebs	  I_5	  
0.0445205	  
0.291096	  
0.0986924	  
0.0236613	  
0.0277086	  
0.131071	  
0.194427	  
0.0678705	  
0.118151	  
0.155355	  
0.0364259	  
0.0885741	  
0.157534	  
0.856076	  
0.435637	  
0.408602	  
6.037	  
4.66864	  
4.26365	  
0.383532	  
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Example:	  Handel	  vs.	  Telemann	  

31	  

G.F. Handel vs. G.Ph. Telemann 

PartSixths ≤ 0.1523 

PartFourths ≤ 0.0755 

I Telemann 

II Telemann III Handel 

y n 

y n 

C4.5 Decision Tree 

apparent error: 0.12 

5	  July	  2012	  

Example:	  Handel	  vs.	  Telemann	  

32	  

G.F. Handel vs. G.Ph. Telemann 

PartSixths ≤ 0.1523 

PartFourths ≤ 0.0755 

I Telemann 

II Telemann III Handel 

y n 

y n 

C4.5 Decision Tree 

apparent error: 0.12 

5	  July	  2012	  

Fugues	  

33	  

J.S.	  Bach	  
• Fuga	  G	  minor	  (BWV	  535a)	  
• Fuga	  G	  minor	  (BWV	  535)	  
• Fuga	  D	  minor	  (BWV	  538)	  
• Fuga	  F	  major	  (BWV	  540)	  
• Fuga	  G	  major	  (BWV	  541)	  
• Fuga	  G	  minor	  (BWV	  542)	  
• Fuga	  A	  minor	  (BWV	  543)	  
• Fuga	  C	  major	  (BWV	  545)	  
• Fuga	  C	  major	  (BWV	  547)	  

J.L.	  Krebs	  
• Fuga	  C	  minor	  (I,	  2)	  
• Fuga	  E	  major	  (I,	  5)	  
• Fuga	  F	  minor	  (I,	  6)	  
• Fuga	  G	  major	  (I,	  8)	  
• Fuga	  F	  major	  (II,	  13)	  
• Fuga	  F	  minor	  (II,	  14)	  
• Fuga	  F	  minor	  (II,	  15)	  
• Fuga	  Bb	  major	  (II,	  19;	  B-‐A-‐C-‐H)	  

W.F.	  Bach	  
• Fuga	  F	  major	  (r	  33)	  
• Fuga	  F	  major	  (r	  36)	  
• Fuga	  G	  minor	  (r	  37)	  
• Fuga	  C	  minor	  (r-‐Add.	  211/1)	  
• Fuga	  Bb	  major	  (r-‐Add.	  211/2)	  

J.P.	  Kellner	  
• Fuga	  O08:01	  
• Fuga	  O08:06	  
• Fuga	  O08:07	  
• Fuga	  O08:[C]	  
• Fuga	  O08:[F]	  
• Fuga	  O10:02	  

J.S.	  Bach	   W.F.	  Bach	   J.L.	  Krebs	   J.P.	  Kellner	  

5	  July	  2012	  

Data	  Points	  

34	  

etc

offset

window size

composition

5	  July	  2012	  

Decision	  Tree	  (C4.5)	  

35	   5	  July	  2012	  

Fisher-‐Projec1on	  

36	  
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Fisher-‐Projec1on	  

37	  

Projec:on	  by	  
Fisher-‐transforma:on	  

J.S.	  Bach	  

W.F.	  Bach	  

J.L	  Krebs	  

J.P.	  Kellner	  

BWV	  534	  

5	  July	  2012	  

Case:	  BWV	  565	  

38	  

See	  e.g.,	  Rolf	  Dietrich	  Claus,	  Zur	  Echtheit	  von	  Toccata	  und	  Fuge	  d-‐moll	  BWV	  565.	  Köln-‐Rheinkassel:	  Dohr.	  1998.	  

5	  July	  2012	  

English	  Influences	  in	  the	  Southern	  Netherlands	  

39	  

During	  the	  late	  16th	  and	  early	  17th	  century,	  keyboard	  music	  in	  the	  
Southern	  Netherlands	  has	  deeply	  been	  influenced	  by	  composers	  
from	  England.	  
	  
Peter	  Philips	  (1560/61-‐1628)	  

	  Antwerp	  1590-‐1597,	  Brussels	  court	  1597-‐1628.	  
John	  Bull	  (1562-‐1628)	  

	  Con:nental	  visit	  1601-‐02,	  
	  Antwerp	  1613-‐1628.	  

William	  Browne	  (?-‐?)	  
	  Only	  few	  details	  about	  his	  life	  
	  are	  known.	  

	  
5	  July	  2012	  

Diminu1on	  PaZerns	  

40	  

•  Occurrence rate of most 
common patterns 

•  Avg. number of 8th notes 
•  Avg. number of 
•  Avg. number of 
•  Avg. number of 

-1 1 1 -1 

5	  July	  2012	  

Composi1ons	  

41	  

	  Browne	  (ed.	  Vendome/Good)	  
•  Fantasia	  8vi	  ton	  
•  Allemande	  I	  
•  Allemande	  II	  
•  Allemande	  III	  
•  Mal	  Sims	  
	  
Browne	  (Ghent	  Ms.	  96)	  
•  O	  liefste	  lief	  
•  Lanturlu	  
•  [w.o.	  :tle]	  
•  Daphne	  
	  
Bull	  (M.Brib	  XIV)	  
•  Prelude	  and	  Fantasia	  
•  Pr.	  &	  Fantasia	  8th	  mode	  
•  Fantasia	  
•  Fantasia	  5th	  mode	  
•  Fantasia	  8th	  mode	  

Bull	  (M.Brib.	  XIX)	  
•  Revenant	  
•  Prelude	  
•  Go	  from	  my	  window	  
•  Bull’s	  goodnight	  
	  
Bull	  (Noëls	  Flamands)	  
•  Den	  lustelijcken	  meij	  
•  Een	  kindeken	  is	  ons…	  (A)	  
•  Een	  kindeken	  is	  ons…	  (B)	  
•  Laat	  ons	  met	  herten	  reijne	  
	  
Philips	  (ed.	  Harley)	  
•  Almande	  
•  Pavana	  Anglica	  
•  Fantasia	  
•  Chi	  fara	  fed’al	  ciel	  

	  

Philips	  (Fitzwilliam)	  
•  Freno.	  Seconda	  Parte	  
•  Cosi	  moriro.	  3a	  Parte	  
•  Pavana	  Pagget	  
•  Galiarda	  
•  Passamezzo	  Pavana	  
•  Galiarda	  Passamezzo	  
•  Chi	  fara	  fede	  al	  Cielo	  
•  Bon	  jour	  mon	  cueur	  
•  Pauana	  Doloroso	  
•  Galiarda	  Dolorosa	  
•  Amarilli	  di	  Julio	  Romano	  
•  Margob	  Laborez	  
•  Fantasia	  
•  Pavana	  
•  Le	  Rossignuol	  
•  Fantasia	  

5	  July	  2012	  

Diminu1ons:	  Inventory	  

42	  

Pattern Philips Bull Browne 

-1 -1 -1 -1 7.87 9.64 2.62 

-1 -1 -1 1 6.64 3.38 2.33 

-1 1 1 1 5.09 2.71 4.65 

-2 1 1 -1 1.23 1.35 8.72 

-2 1 1 1 2.47 2.03 4.94 

1 -1 -1 -1 9.26 10.66 3.20 

1 -1 -1 1 6.94 5.75 2.33 

1 1 -1 -1 5.09 3.38 2.62 

1 1 -2 1 9.10 5.08 4.36 

1 1 1 1 13.43 13.54 11.34 

2 1 1 1 2.62 2.54 4.94 

In total: 2444 patterns. 237 unique patterns. 
 
 
Occurrence rates of 11 most common patterns (in %) 
in all compositions (RH): 
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Diminu1ons:	  Inventory	  

43	  

Pattern Philips Bull Browne 

-1 -1 -1 -1 15.63 7.47 7.94 

-1 -1 -1 1 1.18 2.07 1.59 

-1 1 1 1 1.18 1.24 3.17 

-2 1 1 -1 0.59 0.00 1.59 

-2 1 1 1 1.77 4.15 9.52 

1 -1 -1 -1 16.52 7.47 7.94 

1 -1 -1 1 1.18 2.07 1.98 

1 1 -1 -1 4.13 4.15 4.37 

1 1 -2 1 1.47 6.64 4.37 

1 1 1 1 13.86 9.54 11.51 

2 1 1 1 1.77 4.15 9.52 

In total: 2444 patterns. 237 unique patterns. 
 
 
Occurrence rates of 11 most common patterns (in %) 
in all compositions (LH): 
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Models:	  Philips	  vs.	  Bull	  and	  Browne	  
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Right	  Hand	  
Selected	  features:	  

•  -‐2	  1	  1	  1	  
•  1	  -‐1	  -‐1	  1	  
•  1	  1	  -‐2	  1	  
•  Avg.	  Number	  of	  8th	  notes	  
•  Posi:on	  of	  8th	  notes	  
•  Direc:on	  of	  Mo:on	  
•  Most	  Common	  Pitch	  
•  Repeated	  Notes	  

  a  b   <-- classified as!
 27  6 |  a = PP!
  5 33 |  b = Other!

LeZ	  Hand	  
Selected	  features:	  

•  Dura:on	  of	  Melodic	  Arcs	  
•  Most	  Common	  Melodic	  Interval	  
•  -‐2	  1	  1	  1	  
•  Dominant	  Spread	  

	  
	  
	  
  a  b   <-- classified as!
 13  4 |  a = PP!
  1 22 |  b = Other!

5	  July	  2012	  

Next	  

	  
Is	  classifica:on	  accuracy	  the	  end	  goal?	  
	  
Next	  steps:	  
•  Understanding	  of	  differences	  between	  personal	  styles	  
•  Develop	  a	  theore:cal	  founda:on	  for	  choosing	  features	  
•  Integra:on	  in	  Musicological	  discourse	  

•  Standardized	  test	  set	  for	  composer	  abribu:on	  
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